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More than ever, cities are at the frontline of global change, and their local 
government leaders need to rapidly act in nearly every dimension of urban 
life.

Cities, towns, and their surrounding regions are often seen as centers of 
opportunity and prosperity, and, indeed, they often act as important hubs for 
economic opportunity, innovation, co-creation, production, consumption, 
inclusivity, as well as social and cultural interaction.

At the same time, our current global challenges, including global public 
health crises such as COVID-19; the need to end systemic inequities and 
poverty and to better apply technological advancement; the increasing 
impacts of climate change, biodiversity loss, and land degradation; the effects 
of rapid urbanization and demographic change; and the lack of resilience in 
urban service systems, processes, and approaches are all particularly visible 
in urban environments and require urgent action from local government 
leaders.

Moreover, as important engines of economic development, cities rely 
heavily on water, energy, and agricultural produce to sustain development. 
For this reason, cities can and must play an important catalyzing role in opti-
mizing water, food, and energy synergies and closing the water, energy, and 
nutrients loops.

Addressing the strong nexus between water, energy, and food at urban 
level in policy making is therefore essential to enhance sustainability both at 
local and global levels.

Projections by relevant UN agencies suggest that the demand for freshwa-
ter, energy, and food is rising due to demographic changes, economic devel-
opment, and international trade, among others, and play out particularly in 
urban areas.

Population growth and increase in economic productivity will require an 
increase in agricultural production by about 70% by 2050 and about 50% 
more primary energy by 2035.

Changes in energy usage and types of energy production (for example, 
fossil fuels replaced by hydropower or biofuels) affect water usage and 
impact agricultural production.

Climate change is causing additional pressure on water availability and 
quality as well as on agricultural production. Extreme events have severe 
socioeconomic and environmental consequences, causing further vulnerabil-
ity of people and natural resources. Actions to mitigate and adapt to climate 
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change can have strong implications for the surface and ground water system 
and its users.

The resulting conflicts in the allocation of water and between the water, 
energy, and food sectors cause additional concerns in regard to the sustain-
able management of surface and ground water bodies and the interlinkages 
with urban areas, where a very large proportion of the world's population 
lives.

Taking a water-energy-food (WEF) nexus approach in urban policy mak-
ing, governance, and management will help address these complex and inter-
linked challenges by exploiting available synergies across all policy areas, 
maximizing coherence, and promoting positive trade-offs between different 
policies.

A core premise of the WEF nexus approach is that the policy objectives in 
one sector (water, energy, or food) can interact with those in other sectors 
because they are either preconditions for the realization of another sector’s 
objectives, or one sector (system) imposes conditions or constraints on what 
can be achieved in the other sectors. In other words, some policy objectives 
have synergies across sectors, while others require trade-offs. Objectives in 
different sectors can also reinforce action towards objectives in other 
sectors.

Urban policy formulation that is based on a WEF nexus approach will go 
beyond sectoral solutions and actively address synergies, trade-offs, as well 
as externalities between the water, energy, and food sectors. And thus it can 
support the transition to global sustainability.

Literature on the nexus approach follows often three core themes: the 
nature of the relationships between water, energy, and food; the consequences 
of change in one sector for change in the other sectors; and the implications 
for policy making.

The last of these themes is relatively unexplored, and there is a lack of 
evidence and knowledge about the governance, and institutional and political 
economy factors that determine the effectiveness of the nexus approach.

It is therefore much welcomed that the authors in this book examine and 
review in particular the potential, the benefits, and the policy implications of 
the WEF nexus approach at the urban level and within a context of current 
global sustainability agendas; through a series of hand-on cases, they present 
the opportunities of the WEF nexus approach to achieve innovation and trans-
formative change; and they discuss concrete areas of synergy and policy ini-
tiative that the WEF nexus approach allow to raise urban resilience.

When a group of forward-thinking cities founded ICLEI in 1990, they 
took action for sustainability, well before sustainable development was the 
predominant model for change. The entry point was protecting and conserv-
ing the environment. Since then, ICLEI has evolved with a focus on main-
streaming sustainable development in all aspects of life.

Our ICLEI network reaches well over 2500 cities, towns, and regions and 
is widely recognized as a leading organization with visionary leaders acting 
worldwide. We represent small, large, and often fast-growing cities, towns, 
and counties, vast metropolitan areas, capitals, provinces, and regions.
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With the start of the Decade of Action in 2021 and through the UN sustain-
ability frameworks in place towards 2030 and 2050, notably the Paris Climate 
Agreement and new commitments (NDCs), the Sustainable Development 
Goals (SDGs), and the New Urban Agenda – for which we advocated inten-
sively over the last two decades – cities and their leaders must now, more than 
ever, implement the global sustainable development agenda in collaboration 
with all levels of government, academia/research, the private sector, and civil 
society.

We are grateful to the authors for the guidance presented in this book on 
the use of the WEF nexus approach to help sustain and scale up action over 
the span of this decisive decade for both people and planet alike.

Secretary General, ICLEI-Local Governments  
for Sustainability 

Gino Van Begin
 

Bonn, Germany
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Sustainable and resilient cities are crucial for securing social inclusion and 
improving the quality of life for their inhabitants, given that the production 
chains and the supply of water, energy, and food are strongly interdependent. 
However, the intricate multi-scale relations between natural resources and the 
urban systems underpinning the water-energy-food nexus are still poorly 
understood, even as the contexts become increasingly complex.

This book aims to explore and strengthen the transdisciplinary aspects of 
the water-energy-food nexus in cities in the face of the challenges and threats 
of climate change. Experts highlight urban nexus issues and/or propose solu-
tions to decision makers globally when dealing with the social, economic, 
and environmental consequences of the siloed governance of water, energy, 
and food, and the implications for achieving Sustainable Development Goals 
(SDGs).

In this book, the nexus approach is conceived as a multidimensional means 
of scientific investigation that seeks to understand the complex and non-linear 
interrelationships and interdependencies between water-energy-food under 
climate change, and to better understand the wider implications of this for 
urban societies. This approach proposes to reduce trade-offs among develop-
ment goals and generate co-benefits that help encourage sustainable develop-
ment. Governing the nexus in cities is one of the greatest resource challenges 
of our time, but one that can also generate relevant alternatives with which to 
tackle climate change. The concepts of governance and nexus reflect impor-
tant challenges in an increasingly interconnected and rapidly changing world. 
This requires a broad-based investigation of the relationships between disci-
plines and methods and the co-creation of solutions between different actors 
in society.

Thus, we conceptualize the dialogue between the nexus and climate 
change in urban areas, emphasizing its socio-political dimensions while dis-
cussing the role of cities in the contemporary global environmental crises. As 
a result, this linkage is characterized as a necessary perspective for pursuing 
the Sustainable Development Goals (SDGs), given the recognition of the 
importance of interconnectivity between traditionally isolated sectors. 
Furthermore, nexus approaches cannot be restricted to isolated territorial 
boundaries; it is necessary to understand and act from a territorial perspective 
in the analysis of open systems, in which cities, due to their disproportionate 
uses of resources, form the center of the debate concerning sustainability and 
planetary limits. In addition, socio-political dimensions are considered to be 
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a critical element in the nexus approach used within this book. The linkage is 
not limited to technical approaches so that the nexus perspective refers to the 
engagement of different institutions and social actors, interconnecting exist-
ing governance structures and seeking effective contributions to address non- 
sustainability and resource vulnerabilities.

The book presents discussions and case studies covering the range of cur-
rent international concerns relating to sustainable urban development, the 
nexus, and climate change dialogue. Figure  1 shows the more prominent 
words in the textual content of the chapters, while Fig. 2 indicates the most 
relevant book content topics by frequency, demonstrating the strength of their 
relationships within the texts of the various chapters. The emphasis of these 
relevant themes reinforces the correspondence of the entire book's content 
with its objectives.

The book targets policy experts, academics, and researchers (including 
PhD and master’s students of courses in public policy, development planning, 
urban and regional studies, public health, environment, climate change, 
energy studies, environmental planning/engineering, and transportation). We 
organized this book with the intention of contributing to global discussions 
concerning how cities can represent possibilities to navigate and manage sus-
tainability from local to global. We believe that the wealth of knowledge pre-
sented in these studies will also inspire teachers of undergraduate and 
graduate courses to use WEF Nexus and Climate Change in Cities as a topical 
and informative classroom textbook.

São Paulo, Brazil Lira Luz Benites Lazaro  
 Leandro Luiz Giatti  
 Laura S. Valente de Macedo  
 Jose A. Puppim de Oliveira   
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Fig. 1 Cloud of the 200 most frequent words based on chapter contents
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1Water-Energy-Food Nexus 
in Cities: Opportunities 
for Innovations to Achieve 
Sustainable Development Goals 
in the Face of Climate Change

Lira Luz Benites Lazaro, Leandro Luiz Giatti, 
Laura S. Valente de Macedo, 
and Jose A. Puppim de Oliveira

Abstract

The urban water-energy-food (WEF) nexus 
approach in cities represents a pathway for cop-
ing with trade-offs in the search for achieving 
the Sustainable Development Goals (SDGs). 

The scientific literature on the WEF nexus has 
grown enormously since 2012. Recently, it has 
become more diversified with the evolution of 
new topics and expanded scope, demonstrating 
the inherent complexity associated with nexus 
thinking and placing this methodology at the 
science-0policy- society interface. Cities are 
central to the sustainability agenda and have 
been at the core of plans and strategies imple-
mentation since United Nations Conference on 
Environment and Development (UNCED 92). 
Thus, applying the nexus in urban contexts 
allows the exploration of local complexities 
and uncertainties and the engagement of differ-
ent social actors to produce actions that tran-
scend scales and dialogue with global concerns, 
such as climate change. Unquestionably, the 
urban nexus stimulates multilevel and intersec-
toral governance, contributing to coping with 
the challenges and contradictions of the SDGs. 
Innovations, understood in a broad sense as 
doing things differently, are essential to moving 
the WEF nexus from theory into practice. Here 
we explore nexus discussions via cases involv-
ing urban-rural relationships, circular economy, 
institutional perspectives, logistics, urban food 
production, and food waste reduction and ana-
lyze the consequences for urban climate miti-
gation and adaptation.
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1.1  Introduction

Urbanization and its links with global environ-
mental challenges have made the water-energy- 
food (WEF) nexus approach crucial in natural 
resources management, policy, and governance. 
Responding to the unsustainability challenges 
ahead becomes ever-more urgent and will require 
changes in the way societies manage and con-
sume their resources. Decision-making based on 
classical management theories still emphasizes 
forecasting, planning, organizing, and control-
ling in separate sectors. However, this manage-
ment model no longer provides the solutions 
required for “wicked problems” inherently sys-
temic and often structural. Such problems 
demand new multidisciplinary and inter−/multi-
sectoral approaches to address complex, inter-
connected, and interdependent relational 
challenges, besides different ways of doing busi-
ness and managing finite resources (Lazaro et al., 
2021a). At the same time, a global agenda that 
includes implementing the Paris Agreement and 
achieving the Sustainable Development Goals 
(SDGs) emphasizes the importance of using inte-
grated policies, governance, strategies, plans, 
assessments, and approaches, thus fostering the 
WEF nexus approach.

In particular, the 2011 Bonn Conference on 
the nexus of water, energy, and food security 
highlighted the need for understanding the nexus 
approach as a critical prerequisite to attaining 
sustainable development. It emphasized that 
understanding the nexus helps to “develop poli-
cies, strategies, and investments to explore syner-
gies and mitigate the trade-offs between the 
objectives of sustainable development, with the 
active participation of government agencies, the 
private sector, and civil society” (Bonn, 2011, 
p. 1). Furthermore, important international orga-

nizations such as FAO and the International 
Renewable Energy Agency (IRENA) emphasized 
that by 2050, the demand for primary energy will 
almost double, increasing by 80%, and the need 
for water and food will increase. Thus, these 
organizations recommend rethinking how society 
produces and consumes natural resources and 
doing so in ways that meet competing demands 
for limited resources amidst the tremendous 
effects of climate change.

Diverse challenges in governance, policy con-
sistency, planning, monitoring, and evaluation 
related to implementing the 2030 Agenda and the 
Paris Agreement have focused on the WEF nexus 
approach as a conceptual tool that can contribute 
to achieving the SDGs (Lazaro & Giatti, 2021a). 
The SDGs illuminate the nature and scope of the 
broad-scale challenge of searching for alterna-
tives against the background of a looming global 
unsustainability crisis in all its diverse dimen-
sions. However, in the Anthropocene, intercon-
nections and interdependencies among sectors 
and scales add complexity to new challenges. 
The usual sectoral solutions inevitably generate 
trade-offs that can compromise and hinder the 
search for sustainability (Steffen et  al., 2015; 
Whitmee et al., 2015). The complexity of sustain-
ability challenges requires initiatives that bridge 
scales and sectors and cut across disciplines to 
unleash transformative potential. An essential 
driver of transformation consists of adopting 
urban interventions that enable intersectoral and 
multi-scale gains, generating co-benefits capable 
of considering and effectively dealing with the 
diversity of objectives and goals associated with 
SDGs (De Andrade Guerra et  al., this volume; 
Doll & Puppim de Oliveira, 2017). Urban inter-
ventions, for instance, can address climate change 
by providing access to water and sanitation, sus-
tainable mobility, more compact and resilient 
settlements, and urban adaptation strategies. The 
way to plan and execute these interventions 
should be conditional upon the search for greater 
efficiency in diverse fields to reduce the likeli-
hood of potential trade-offs (Sachs et al., 2019).

In an urban age that increasingly concentrates 
human activities in urbanized environments, cit-
ies become the locus of fundamental intersec-
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tions to confront today’s global challenges. 
Today, urban metabolism’s linear model drives 
most of the pressures and demands associated 
with production and consumption chains, thus 
playing a pivotal role in generating humanity’s 
pressure on the biosphere and ecosystems. This 
model has remained fundamentally unchanged in 
the history of Western civilization. Like other liv-
ing organisms, cities continue to feed on natural 
resources and generate waste, now more than 
ever at an unsustainable rate. Furthermore, cities 
harbor profound inequalities related to environ-
mental degradation processes, pollution, and 
social vulnerability (MEA, 2005; Kjellstrom 
et  al., 2008; Bulkeley, 2010; Seto et  al., 2017). 
Large urban centers with millions of inhabitants 
drain regional resources substantially and 
demand ecosystem services, generate pollution 
and inequalities, and foment environmental 
injustices in their peripheries (Amaral et  al., 
2021).

However, cities can also provide solutions to 
sustainability problems as they are centers of 
knowledge and innovation and political and eco-
nomic power (Puppim de Oliveira, 2019). Cities 
can mobilize human, technological, and financial 
resources at a large scale, required to address 
these sustainability challenges. Cities are also 
critical elements in searching for alternatives to 
mitigate greenhouse gas emissions and adapt to 
the risks associated with global climate change. 
Moreover, there is a vast potential for co-benefits 
related to climate action in cities, which could 
also lead to improvements in energy efficiency, 
waste management, sustainable housing, genera-
tion of income, and protection of green areas 
(Doll & Puppim de Oliveira, 2017; Sethi & 
Puppim de Oliveira, 2018). Such actions, in turn, 
can help achieve many of the SDGs. Thus, pro-
moting Agenda 2030 within a multilevel gover-
nance perspective places cities as hubs for the 
convergence of international global agendas, 
such as the Paris Accord on Climate Change and 
the Sendai Framework for Disaster Risk 
Reduction 2015–2030.

This book addresses the water-energy-food 
nexus in urban contexts (WEF urban nexus) from 
a systems perspective and explores how the nexus 

approach can foster innovation. Through its 
cross-cutting potential, the FWE nexus approach 
can promote new knowledge about the imple-
mentation of synergetic alternatives, connecting 
scales and sectors that, conventionally, operate in 
isolation and are managed in silos.

1.2  The Evolution of the WEF 
Nexus Concept

The WEF nexus is an innovative approach to 
understanding the interactions, interdependen-
cies, synergies, and trade-offs between natural 
resources interrelationships, jointly addressing 
water, energy, and food management (Hoff, 
2011). The WEF nexus idea emerged during the 
World Economic Forum in 2008 when interna-
tional business leaders called for a better under-
standing of how water management links to 
economic growth across the WEF-climate con-
nectivity assemblage. Later, in the 2011 Bonn 
Conference, international organizations and gov-
ernments recognized that water, energy, and food 
policies could not be managed in isolation. This 
conference was the watershed moment for con-
solidating the WEF nexus concept (Lazaro et al., 
2021a). The 2012 United Nations Conference on 
Sustainable Development (Rio  +  20) promoted 
the “nexus thinking” approach, which became a 
central mechanism to achieve the SDGs.

The WEF nexus is a cross-cutting approach 
that can form the conceptual underpinning to 
SDGs, thus catalyzing the potential for conver-
gence between the different global sustainability 
agendas in cities. It is an innovative perspective 
that furthers intersectoral gains and provides syn-
ergies and multiple benefits in pursuing SDGs 
(Islam & Kenway, this volume; Valencia et  al., 
2019) while mitigating greenhouse gas emissions 
and fostering climate change adaptation. Altering 
the nature of the interconnections between water, 
energy, and food systems allows us to address 
other issues such as health, climate change, and 
biodiversity loss. For example, access to energy 
(SDG 7) is critical for the economic growth of 
poor communities (SDG 8), improves health ser-
vices (SDG 3), reduces poverty (SDG 1), and 
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provides food and clean water (SDGs 2 and 6); if 
well managed, such resource-use patterns can 
help mitigate climate change (SDG 13).

One of the main problems that the nexus 
approach seeks to overcome is uncoordinated tra-
ditional decision-making that manages an urban 
sector without considering its synergies and 
trade-offs with other sectors, overlooking how 
the policies of one industry can negatively or 
positively affect another. This fragmented 
approach brings about the need for transforma-
tion through more integrative approaches that 
balance public policies, social achievements, and 
the sustainable management of natural resources 
and ecosystems (Lazaro et. al. 2020).

Until 2012, there were few publications on the 
three-element interactions in the WEF nexus, as 
Fig. 1.1 shows. Our search in Scopus, conducted 
in November 2021 without limiting the period, 
found 653 articles with the keyword “water- 
energy- food nexus.” The first papers on the 
water-energy-food nexus appeared in 2012, and 
since then, their numbers have increased year on 
year (Fig.  1.1). According to Cairns and 
Krzywoszynska (2016), this development is due 
to the nexus concept gaining prominence as a 
framework for funding research. For instance, the 
European Union’s Horizon 2020 program refers 
explicitly to the nexus and food security, low- 
carbon energy, sustainable water management, 
and climate change mitigation. Other examples 
include collaborative research initiatives, such as 
the United Kingdom-Brazil “Healthy Urban Life 
and the Social Sciences of the Food-Water- 
Energy Nexus” (ESRC, 2015) and the Belmont 

Forum/Joint Programming Initiative (JPI), sus-
tainable urbanization global initiative on the 
food, water, and energy nexus—SUGI-FWE 
Nexus (2017). Furthermore, numerous interna-
tional institutions highlight the nexus concept as 
a new perspective defining sustainable develop-
ment. The World Bank, the Food and Agriculture 
Organization of the United Nations (FAO), the 
United Nations World Water Resources 
Assessment Program, the OECD, the UN 
Economic Commission for Latin America 
(ECLAC), and the Global Water Partnership have 
all produced policy documents and perspectives 
on the nexus approach.

However, despite being promoted by influen-
tial global policy leaders and embraced by many 
researchers, holistic and integrated approaches to 
resource management and sectoral planning such 
as the nexus concept still need to be adopted 
beyond the academic domain. Although its initial 
conception occurred within the World Economic 
Forum, little is known about the extent to which 
companies practice WEF nexus thinking. Lazaro 
et al. (2021a) argue that while governments play 
a critical role in designing and implementing 
inclusive policies to minimize impacts and trade- 
offs between nexus sectors, businesses play an 
equally important role in driving positive change 
toward sustainable management.

We have found that existing literature has 
emphasized computational and mathematical 
models to analyze and quantify the relationships 
between the WEF nexus components. Nexus 
assessments frequently rely on quantitative 
approaches, and mixed methods do not predomi-

Fig. 1.1 Annual 
number of scientific 
publications concerning 
the water-energy-food 
nexus
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nate; nexus studies are usually confined to disci-
plinary silos such as energy or water efficiency 
(Lazaro et  al.,  2021b). Nexus thinking is posed 
very strongly as a technological issue related to 
sectoral performance in mitigating trade-offs, 
which strongly contributes to the predominance 
of quantitative approaches (Dalla Fontana et al., 
2020). However, when measures from one sector 
operate to influence another, problems arise, gen-
erating uncertainties about the real cross-sector 
possibilities. It also raises doubts about how spe-
cific nexus thinking measures may or may not 
function concerning inequalities among different 
social actors in accessing water, energy, and food 
resources (Di Felice et al., 2021). These findings 
reinforce the understanding that the sociopoliti-
cal dimensions of the nexus should be further 
explored using qualitative approaches.

Both quantitative and qualitative methods can 
be critical to a nexus assessment, such as identi-
fying the interlinkages among sectors, which 
includes data analysis. This analysis can help 
understand the constraints to review sectoral 
planning and implementation of policy measures 
and legislation. At the same time, monitoring the 
governance, policy decisions, and the dialogue 
and discourses of the decision-makers and 
experts can help identify critical interlinkages 
and analyze how decision-making focused only 
in one sector can cause impacts in other sectors 
(Flammini et al., 2014).

We performed a bibliometric analysis of the 
653 articles’ abstracts using the Bibliometrix 
software (Aria & Cuccurullo, 2021) and identi-
fied the topic evolution; we divided the sample 
into four periods (2012–2015, 2016–2017, 2018–
2019, 2020–2021) and considered the number of 
articles published in each period. Besides publi-
cations increasing, we verified an evolution in the 
topics covered, as shown in Fig. 1.2.

We noted that the number of publications on 
sustainable development issues related to the 
WEF nexus in the first period (2012–2015) was 
not significant compared to the third and fourth 
periods, in which it steadily increased. In subse-
quent periods, new themes were incorporated, 
such as land use, urban nexus, circular economy, 
and WEF and waste nexus. Studies have gone 

beyond the three original nexus sectors and have 
included other dimensions, such as climate, land, 
and environmental impact. Figure 1.2 also shows 
clusters of the topics. In the lower left quadrant, 
the set in brown color covers issues such as cli-
mate change, resilience, adaptation, and water 
scarcity. In the upper left quadrant, the cluster in 
pink color shows topics like urban nexus, 
 environmental justice, governance, and water-
energy- food nexus. In particular, the WEF nexus 
in urban areas has gained prominence as an 
approach that can be useful for managing urban 
metabolism and the resilience of cities (Bellezoni 
et al., this volume; de Macedo et al., 2021). The 
relationship between waste and the dynamics of 
WEF nexus sectors in cities characterizes these 
elements’ interconnected generation, allocation, 
and consumption processes. It indicates the need 
to integrate resource management processes that 
increase the efficiency of natural resource use 
and consumption, transform infrastructural sys-
tems, and better urban planning to reduce GHG 
emissions and waste generation (Artioli et  al., 
2017; Lazaro & Giatti, 2021b).

The burden of urbanization on ecosystem ser-
vices in peri-urban areas, public health, and cli-
mate change has inevitably increased in the 
Anthropocene. Therefore, the nature of urban ter-
ritories and their growing consumption pressure 
significantly affect the availability and interde-
pendence between water, energy, and food 
resources. The WEF urban nexus can provide 
fundamental guidelines for sustainable solutions 
to the expected sharp growth in water, energy, 
and food demand accompanying rapid urbaniza-
tion (Lazaro & Giatti, 2021a). Estimates are that 
by 2030 the overall global population will reach 
8.6  billion people, 68% in urban areas, and 
demands for energy, water, and food are expected 
to increase significantly (OECD/FAO, 2013). 
The urban scenario represents both a challenge 
and an opportunity to understand and direct 
resources toward more sustainable configura-
tions. In particular, mobilizing action and under-
standing that the nexus approach in cities can 
benefit urban populations by dealing with some 
of the most complex global problems, including 
climate change, while helping achieve sustainable 
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Fig. 1.2 Sankey of the thematic evolution on the WEF nexus research from the bibliometric analysis

development goals (Covarrubias, 2019; Lazaro & 
Giatti, 2021a).

Some authors have criticized the nexus 
approach as a novelty (Simpson & Jewitt, 2019; 
Muller, 2015). However, instead of being a cause 
for concern, this approach can inspire discussions 
about a “paradigm shift” to respond to global 
environmental challenges. For instance, the 
nexus can foster using traditional knowledge 
(Lazaro et al., 2021a), such as nature-based solu-
tions (NbS) that support the WEF nexus to tackle 
climate change impacts (Bellezoni et al., this vol-
ume). Because finite natural resources continue 
to be managed conventionally, in isolation and 
prioritizing segmentation, we now have to deal 
with the shortcomings of silo thinking, linearity, 
and fragmentation. Therefore, the main challenge 
becomes getting key players on board to embark 
on this paradigm shift, moving away from met-
rics of success, profitability, and market share 
based on a development model that relies on 
depreciating the base of natural resources (Lazaro 
& Giatti, 2021b).

At the closing plenary session of the 2011 
Bonn Conference, Klaus Topfer, executive direc-
tor of the Institute for Advanced Sustainability 
Studies in Germany, called for a return to the 
nexus process for problem-solving. He reminded 

the audience that “the Rio 92 Conference had dis-
cussed environment and development through a 
logic of nexus,” noting that this interconnected-
ness perspective had been undermined and added 
that after 20 years, “[…] this sustainable develop-
ment message should be reinvigorated through a 
nexus approach” (Martin-Nagle et  al., 2011, 
p. 5). The alert fostered the internationalization 
of the WEF nexus research.

Figure 1.3a, b, respectively, show the scien-
tific production and collaboration map per coun-
try. The countries with the highest published 
articles are the USA and the UK, followed by 
China and Brazil. The country with the most sig-
nificant number of collaborations was the UK, as 
depicted in the network in purple (Fig. 1.3b). The 
UK’s centrality in boosting and contributing 
research and action on nexus issues has been 
enhanced since a 2009 speech by Professor Sir 
John Beddington—then Chief Scientific Advisor 
to the UK government. On that occasion, 
Beddington raised the concern about a “perfect 
storm” of interlinked problems challenging 
humanity.

Furthermore, since 2012, the nexus has 
become the focus of several research programs, 
funding calls, and other initiatives in the UK, 
such as the research council initiatives and the 
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Fig. 1.3 (a) Scientific production per country. (b) Collaboration between countries from the bibliometric analysis

Newton Fund. These circumstances have fostered 
an increase in the use of nexus-related terminol-
ogy in academic and governmental circles in the 
UK, ratcheting with the rise in research and pol-
icy involvement (Cairns & Krzywoszynska, 
2016). Figure  1.3b also shows a close relation-
ship of the collaboration between the UK and 
Germany. The latter organized the Bonn 
Conference “The Water, Energy and Food 

Security Nexus: Solutions for the Green 
Economy,” which aimed to explore the WEF 
nexus as an innovative method for achieving sus-
tainability. It presented initial evidence concern-
ing how a nexus approach can improve water, 
energy, and food security in a green economy, 
increasing efficiency, reducing trade-offs, and 
creating cross-sector synergies. The results of 
this conference served as a specific German 
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contribution to the United Nations Conference on 
Sustainable Development “Rio  +  20,” held in 
Brazil in 2012. There has since been significant 
progress in the science linked to the WEF nexus, 
along with several calls to bring it to practice.

1.3  Science-Policy-Society 
Interfaces Based 
on Hybridity and Humility

Our bibliographical research supports the idea 
that work on the WEF nexus does not limit itself 
to analyzing technological innovation and the 
search for efficiency and optimization, which has 
been criticized as a reductionist and technical/
managerial approach. The breadth of current 
nexus-related research also underscores that 
understanding the sociopolitical dimensions 
associated with the interconnections between 
sectors (Cairns & Krzywoszynska, 2016; Dalla 
Fontana et  al., 2020) is critical to advance the 
incorporation of the WEF nexus in urban prac-
tice. On the other hand, nexus thinking and its 
associated innovations imply tremendous trans-
formational changes, requiring hybridization 
between different technical and political views, 
diverse scales of approach, and collaborative 
involvement of many social actors (Lazaro et al., 
2021a). Thus, the understanding of innovation 
goes beyond the purely technical perspective and 
does not necessarily involve R&D or something 
new to the world. It includes changes that allow 
us to do things differently in the context stake-
holders operate.

Hybridization is rooted in complex interde-
pendencies and reflects knowledge gaps and 
uncertainties around outcomes, disputes, and 
trade-offs. In this sense, it is impossible to predict 
nexus outcomes, and there is no single vision that 
embraces the interrelated causes, effects, and 
consequences. As there is no single causal direc-
tion for complex systems, nexus innovations 
relate to different actors, values, knowledge, and 
imagined outcomes within nexus relationships. 
Therefore, nexus innovations go beyond regular 
sectoral decision-making and the conventional 
challenges of academic knowledge production 

when assisting policymakers. It requires framing 
conversations and narratives between actors 
around desirable futures while simultaneously 
expanding the debate beyond technicalities (Di 
Felice et al., 2021).

Applying the WEF nexus thinking as a path-
way for sustainable development allows it to be 
used as a science-policy-society interface. 
Additionally, innovation production must evolve 
from analyzing potential applications and inte-
grating knowledge to promote transformation, 
which requires humility by researchers and poli-
cymakers in knowledge co-production processes. 
This opening-up process can be implemented 
through a humility-based nexus framework. 
Knowledge co-production consists of constantly 
and collaboratively framing the full extent of the 
problem; exploring and understanding the vul-
nerabilities; invoking distribution concerns 
related to the nexus innovations and continuous 
learning; and securing accessible, transparent, 
accountable, and actively shared knowledge 
(Urbinatti et al., 2020b).

As a result, it becomes necessary to constantly 
promote reflection on the benefits and trade-offs 
that are most likely to occur due to each nexus 
innovation initiative. Considering the massive 
challenge of climate change and its possible sys-
temic consequences, applying the water-energy- 
food nexus approach could contribute as an 
adaptive and mitigative process to climate change 
and enhance urban resilience.

The nexus approach in urban contexts can 
boost sustainable urban development while 
focusing on the global climate crisis. Furthermore, 
it can spark reflection, contributing to the debate 
in science-policy-society relations. For instance, 
“Why must specific nexus solutions be imple-
mented?” leads to a necessary politicization of 
the issue. The question “Which interactions 
among nexus dimensions are we considering and 
what resources are we evaluating?” addresses the 
extent to which interrelationships can be opti-
mized. For example, promoting urban agriculture 
connects to demands for local water resources. 
However, it can save water from other regions, 
conserve energy for food transport and trade, and 
develop synergies by exploiting local organic 
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compost production. This example also encour-
ages reflecting on another question: “Where are 
the nexus interactions operating?”—this is rele-
vant as nexus innovations can relate to flows that 
transcend spatial scales, creating opportunities to 
contextualize urban measures that connect to 
global concerns (Dalla Fontana et al., 2021).

The current search for resilience within a sus-
tainable city perspective also links to targeting 
the global climatic crisis from local contexts. In 
this sense, nexus thinking applied in the search 
for urban resilience also links to other reflections 
such as “Which resilience are we talking about?”

Cities depend on external resources, so it is 
necessary to consider synergies at regional scales 
in tackling resource scarcity to foster systemic 
urban resilience. Another question is “resilience 
for whom?”. In this case, the nexus approach also 
helps recognize the necessary politicization of 
nexus and resilience issues while underscoring 
the need to address deep urban and regional ineq-
uities among social groups inside or outside cit-
ies (Meerow & Newell, 2016).

These are legitimate questions that emphasize 
the need for constant learning about actions and 
potentialities and, most importantly, promote dia-
logue involving several social actors. In short, the 
nature of the science-policy-society interface for 
applying the nexus requires constant hybridiza-
tion on the one hand and receptivity to new 
knowledge on the other, which should be obtained 
through opening up the dialogue with society on 
behalf of policymakers and researchers. These 
successive rounds of questioning are also legiti-
mately posed as ways to understand the limits of 
knowledge and the limits of the approach toward 
the water-energy-food nexus.

Overall, urbanizing the nexus agenda means 
interplaying integrative policy frameworks and 
urban governance to address global challenges 
(Artioli et  al., 2017). On the other hand, the 
implementation of nexus thinking and innova-
tions in urban contexts also connects to the 
imperative of establishing socio-material flows of 
water, energy, and food. It represents incorporat-
ing what is missing in the urban nexus perspec-
tive since the recommendation for hybridization 
corresponds to the dynamics of daily practices, 

policies, ideologies, networks, or cultural mean-
ings that can shape the provision of resources 
(Covarrubias, 2019).

Vulnerable urban communities and marginal-
ized social groups, for instance, can provide 
actual examples of pathways for nexus innova-
tions related to social practices and local 
 commonsense knowledge. Although these social 
groups live under conditions of severe resource 
scarcity, their daily routines can teach academics 
and policymakers about legitimate alternatives 
building on nexus synergies (Giatti et  al., this 
volume). In addition, analyzing flows and poten-
tialities of concurrent multidimensional urban 
problems can trigger nexus innovations. For 
example, planners and policymakers can apply 
nexus thinking to implement food banks in 
addressing the convergence between food loss 
and waste and urban poverty. Such an initiative 
can contribute via different sectors and benefits, 
reducing demand for waste management, reduc-
ing hunger and vulnerability, and mitigating pres-
sures for water and energy in food production 
(Vieira et  al., this volume). Moreover, nexus 
innovations can be implemented through gover-
nance structures involving local government 
practitioners, nongovernmental organizations, 
and representatives of production sectors and 
local communities.

Food systems surrounding urban settlements 
can also contribute to implementing the urban 
nexus. Rural communities face the challenge of 
resource scarcity and the threats of social vulner-
ability and poverty. This reflection contributes to 
the multiscaling of the questions around nexus 
innovations. The contestation of inequalities in 
these rural peri-urban territories can underpin the 
political motivation to engage actors capable of 
synergizing the nexus. Thus, participatory and 
socially produced alternatives, such as manage-
rial adjustments based on agroforestry systems, 
can enhance food production with resulting eco-
logical gains and mitigation of water resource 
impacts and scarcity (de Melo, this volume). 
These rural innovations and synergies can inte-
grate urban nexus processes. For example, when 
urban policymakers recognize these potentiali-
ties, local government measures can encourage 
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food acquisition from farmers who adopt eco-
logical and nexus innovations.

The integration of diversified experiences and 
possibilities can demonstrate the need for better 
communicative processes, making dialogue pos-
sible between diverse knowledge holders 
(Urbinatti, this volume). This integration charac-
terizes the perspective of humility by researchers 
and decision-makers, recognizing that laypersons 
produce such relevant knowledge for nexus inno-
vations. The creative capacity of different social 
actors connects to a myriad of alternatives. Also, 
opening up to such diversity represents legitimate 
alternatives grounded in the local context and 
provides relevant political insertions in the 
debate. This expansive process is also desirable 
to integrate the conventional siloed management 
of water, energy, and food production chains, 
leading to more sophisticated, robust, and adap-
tive governance systems (Pahl-Wostl & Hare, 
2004; Pahl-Wostl, 2019). Therefore, the gover-
nance of processes to incorporate the WEF nexus 
in urban initiatives is fundamental to move from 
theory to practice.

1.4  Multilevel and Intersectoral 
Governance for the Nexus

Governance has become a household expression 
for scholars and practitioners in social and politi-
cal sciences, gaining particular relevance in 
international relations studies to address the 
interplay between institutions and actors engaged 
in global environmental policies. Rosenau 
defined governance as activities that include 
institutions and informal mechanisms alongside 
other societal actors (1992: 4). But in summary, 
the term “governance” implies an intricate set of 
structures, actors, and processes, both public and 
private. As a result, it became a beacon for mul-
tilateralism. In terms of the WEF nexus, strength-
ening governance and building institutions to 
better connect the three elements (WEF) is criti-
cal to improve their interconnections and to gen-
erate co-benefits.

Multilevel governance has gained increasing 
academic attention to analyze regionalism and 

European studies, further to other applications 
and definitions that include “network gover-
nance,” “community governance,” and “new 
modes of governance.” The multilevel gover-
nance (MLG) concept emerged in the early 
1990s, challenging then prevailing theories of 
neo-functionalism and intergovernmentalism to 
describe decision-making processes beyond the 
state-centric representation of the European 
Union (Piattoni, 2010).

In his seminal article, Marks (1992) proposed 
that when considering cohesion policies, multi-
level governance would transcend the nation- 
state and include continuously integrated 
negotiation, both vertically and horizontally, 
involving governments from different territorial 
levels—supranational, national, regional, and 
local. When analytical elements of federative 
regimes and decentralization were integrated into 
this idea, the concept was used to describe the 
increasingly complex and dense network of con-
nections between players from different spheres. 
Led by national governments, these networks are 
often transboundary (Svedin et al., 2001).

Thus, the MLG approach has crossed the 
EU-focused analytical boundaries and evolved 
into a more complex and encompassing theory 
for examining situations involving the participa-
tion of multiple actors. The MLG framework has 
been widely adopted in addressing global envi-
ronmental issues such as climate change to 
include subnational governments and non-state 
actors from different sectors in civil society. This 
lens has been beneficial for analyzing subnational 
participation in the global environmental change 
polity. Moreover, the concept’s classification in 
Type I and Type II (Hooghe & Marks, 2003) is 
particularly appropriate for the analyses of fed-
erative systems (see Piattoni, 2010: 24), worthy 
of further exploration in countries such as Brazil.

As societies become more complex, environ-
mental challenges demand governance 
approaches that address interconnectivity and 
interdependence. The 17 Sustainable 
Development Goals (SDGs) adopted by signato-
ries of Agenda 2030 under the auspices of the 
United Nations (UN, 2015) mainly involve inter-
twined issues requiring problem-solving strate-
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gies based on multilevel and intersectoral 
governance. Indeed, implementing SDGs 16 
(peace, justice, and strong institutions) and 17 
(partnerships for the goals) will enable the other 
15 SDGs; without institutions and collaborative 
efforts, other objectives hang in the balance. As 
Meuleman postulates, “[…] governance is about 
the quality of institutions, processes, tools, skills, 
etc., which should enable effective policymaking 
and policy implementation. […] the SDGs will 
not be attained by 2030 without well-functioning 
public institutions and effective governance at all 
levels” (2021: 5).

Managing water, energy, and food production 
for growing urbanized populations will become 
increasingly challenging, and planning is crucial 
to achieving its effectiveness. The nexus between 
demand and supply of finite natural resources 
requires a planning perspective that engages 
social systems in their entirety. Governance must 
include all sectors across all levels of government 
and even between countries sharing natural 
resources, as in the Latin America and the 
Caribbean (LAC) region (Embid & Martin, this 
volume).

Multilevel governance shows that local and 
regional governments play a crucial role in imple-
menting relevant public policies for a sustainable 
transition (Lazaro et  al., 2022). The case of a 
severe drought in southeast Brazil between 2014 
and 2015 exemplifies the interdependence on 
resources. The sizeable territorial scale and dif-
ferent jurisdictions involved demand integrated 
management within a multilevel and intersectoral 
governance approach (Alves et al., this volume). 
The authors describe a unique region encompass-
ing the two largest metropolises in Brazil, São 
Paulo (RMSP) and Rio de Janeiro (RMRJ). They 
are joined by a hydrological system comprised of 
connected river basins and reservoirs that supply 
millions of households along that Paraíba do Sul 
River. It also provides energy via nine hydroelec-
tric power plants that serve 52 municipalities in 
two states and a robust agricultural sector. 
Governance of the whole system involves the 
three spheres of government: the national Water 

and Basic Sanitation Agency (ANA); water and 
power state departments in Minas Gerais, Rio de 
Janeiro, and São Paulo; and representatives from 
municipal governments and civil society  gathered 
in different water basin committees acting in 
collaboration.

There is much room for developing research 
in nexus thinking and multilevel governance. 
Urbinatti et  al.’s (2020a) literature assessment 
demonstrated that attention on nexus gover-
nance was concentrated between 2012 and 2016, 
focusing on water management. In contrast, 
scholarship seldomly mentioned MLG in con-
junction with the WEF nexus between 2007 and 
2018.

In developing countries, where the pressures 
of urgent needs and social issues commonly act 
as barriers to planning and effective policy 
implementation, there is much to learn, not only 
from successful experiences and methodologies 
in developed countries. Finding adequate and 
creative solutions is possible in surprisingly dif-
ficult and unexpected conditions, such as those 
faced by vulnerable communities neglected by 
the state (Carvalho et  al., this volume; Giatti 
et al., this volume), not only in Brazil but in the 
Amazon basin in general (Nascimento et  al., 
this volume). However, studies that measure 
and document results and processes to learn 
from experiences and improve their fungibility 
are still lacking.

Therefore, applying the MLG concept com-
bined with other analytical approaches such as 
the actor-network theory can help better 
understand interactions between different 
actors and jurisdictions in managing natural 
resources and climate change challenges 
(Colding et al., 2020). Particularly in develop-
ing nations and cities, a multilevel governance 
approach to the WEF nexus should provide an 
appropriate analytical framework for a more 
balanced management and distribution of nat-
ural resources, besides fostering opportunities 
to push for innovations through the connec-
tions between the water, energy, and food 
systems.
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1.5  Innovations: Moving 
the WEF Nexus in Cities 
Forward

The WEF nexus provides many opportunities to 
address sustainability challenges in cities. 
However, as discussed above, the potential for 
improvement in theory and the academic litera-
ture on nexus is not automatically translated into 
practice. The chapters in this book bring a series 
of new perspectives on how the WEF nexus can 
advance the sustainability agenda in urban areas 
and beyond. Nevertheless, to get those ideas 
together and apply them on the ground, we need 
to innovate in understanding city-based resource 
flows and make them more sustainable. For 
example, cities are experimenting and innovating 
with a series of initiatives to incorporate climate 
change into their policy agendas, which requires 
capacity and connection with the broader urban 
system beyond governments (Roppongi et  al., 
2017; Puppim de Oliveira, 2011).

Cities need to innovate to realize the benefits 
of the WEF nexus, not only in technologies or 
restricted to R&D but also in a combination of 
different innovative initiatives to expand the out-
reach of the nexus concept and its application at a 
variety of social levels. The nexus perspective 
includes new social and organizational 
approaches to deploy existing opportunities that 
improve sustainability through its adoption. 
Cities concentrate the demand for food, water, 
and energy, and in 2020, their 4.4 billion inhabit-
ants accounted for over 75% of the global energy 
consumption (UN-HABITAT, 2020). Since they 
all come together in cities, this concentration pro-
vides opportunities for synergies in managing 
these three resources. At the same time, cities 
have the human and financial capacities to 
develop innovations to improve the WEF nexus. 
Combining those resources could generate new 
solutions to urban problems based on the nexus. 
For example, the city of São Paulo has innovated 
with the Link the Dots (Ligue os Pontos) program 
that brings together urban farmers to improve the 
sustainability of their practices and connect their 
products to markets (Moreira et al., this volume). 
The joint work of several municipal departments 

that previously had not cooperated in this particu-
lar aspect generated a new perspective on urban 
agriculture by safeguarding the city’s water 
resources, reducing transportation needs, and 
improving product quality.

Cities have tremendous potential for improv-
ing urban sustainability and implementing 
 innovations in nexus-based initiatives to deal 
with global environmental changes. In particular, 
climate changes can lead to water scarcity in sev-
eral regions, consequently affecting food produc-
tion and energy generation, which rely on the 
water systems in many places. Climate change 
should heavily influence Brazil’s Cerrado and 
Caatinga biomes in the following decades. 
However, they offer extensive opportunities for 
agriculture expansion and production of renew-
able energy if innovative policies and manage-
ment practices for the region are in place 
anticipating these changes, which will also miti-
gate climate change (Alves et al., this volume). In 
the Amazon, cities are vulnerable to changing 
weather patterns that have already been detected 
in the region (Nascimento et  al., this volume). 
They could worsen the precarious condition of 
existing urban infrastructure, as many munici-
palities lack proper sanitation and waste manage-
ment. Improving the WEF nexus could be 
achieved by employing circular economy 
approaches to reduce waste and eliminate the 
pollution of water bodies caused by inadequate 
waste disposal practices (Paes et al., 2021).

New management and institutional approaches 
are vital in boosting WEF nexus innovation. Such 
methods allow the connection between WEF 
silos and improve the nexus among the three 
components. The WEF nexus approach could 
accelerate sustainability transitions in cities (Dal 
Poz et al., this volume). On the other hand, aca-
demic literature and implementation measures 
have developed many ways to address sustain-
ability challenges applicable to the nexus during 
past decades, such as circular economy, partici-
patory governance, energy transition conceptual 
models, participatory and integrated planning, 
and ecosystem-based solutions (Bellezoni et al., 
this volume). New technologies, such as digital 
tools and artificial intelligence (AI), also emerged 
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to collect and process information for improving 
management and policy.

Alves Junior et al. (this volume) suggest that 
innovations in logistics between Brazilian cities 
and producers adopting planning models that 
consider improving WEF nexus opportunities 
could significantly increase grain production effi-
ciency and sustainability in the country, one of 
the largest exporters of agricultural products. 
These innovations would include greenhouse gas 
reduction at levels that have worldwide conse-
quences. Moreover, bringing supply and demand 
closer in the food sector could significantly 
reduce food losses and waste with environmen-
tal, economic, social, and health (nutritional) 
consequences, addressing many SDGs. Better 
food bank operation could be an opportunity for 
improvements in the food supply chain with 
implications for waste, water, and energy (Vieira 
et al., this volume).

To allow those kinds of initiatives to emerge, 
new institutional approaches need to be devel-
oped, such as the “institutional bricolage” in the 
case of urban farmers in São Paulo (de Melo, this 
volume). The bricolage strategy to integrate poli-
cies at the different levels of government has 
allowed farmers to improve agriculture practices 
to make production more organic. Innovations in 
the WEF nexus will come not only from govern-
ments but from a variety of actors’ initiatives. 
Using participatory planning, civil society groups 
can bring new resources and knowledge to inno-
vate urban practices. In Salvador, Brazil, the 
Urban Vegetable Gardens Project (Projeto Hortas 
Urbanas), a community garden initiative, suc-
ceeded because the city government and civil 
society organizations worked together (Carvalho 
et al., this volume). Organic agriculture gardens 
can provide fresh vegetables to vulnerable com-
munities and reduce artificial fertilizers and 
transportation.

A more integrated innovative approach to 
WEF in cities could also catalyze sustainable 
investments from the public and private sectors, 
particularly in rapidly urbanizing developing 
countries (Olawuyi & Oche, this volume). 
Increasing demand for food, water, and energy in 
cities in developing countries requires the signifi-

cant deployment of investments to guarantee and 
secure supply. However, the lack of integration 
among the sectors that generate inefficiency and 
uncertainties caused by climate change, human 
rights, and political instability prevent many 
investors from deploying their financial resources. 
In addition, new approaches to climate change 
adaptation and mitigation can also identify 
opportunities to improve WEF flows (Jacobi 
et  al., this volume). Many cities have already 
adopted adaptation plans that could be used to 
identify opportunities to strengthen the WEF 
nexus. Nevertheless, there is a long way to go 
until WEF nexus integration is a reality for such 
cities, as it is still little understood by many poli-
cymakers and the public. Many challenges exist, 
particularly in the communication and political 
processes to integrate WEF nexus in public poli-
cies, resulting in more sustainable outcomes 
(Urbinatti, this volume).

1.6  Concluding Remarks

Nexus thinking and related concepts have evolved 
since 2012 and aggregated new perspectives in 
their application to the urban context. This evolu-
tion has been accompanied by a complexification 
of the necessary knowledge production, demand-
ing actions on problems still filled with uncer-
tainties and disputes. Nexus issues require 
constantly analyzing outcomes and implications 
of their implementation in different sectors and 
scales by the actors involved. Nevertheless, while 
nexus innovations are opportunities for cross- 
sectoral gains, they cannot be reduced to techni-
cal issues, given the complexity of intrinsic 
factors, the cross-scalar issues involved, and 
uncertainties concerning the potential outcomes 
and consequences. Therefore, nexus innovations 
demand constant reflections and debates from 
different social actors, stimulating more robust 
and adaptive multilevel and intersectoral gover-
nance structures. We foresee exciting opportuni-
ties to promote synergies from the urban nexus 
perspective through the cases explored in this 
volume and founded on our bibliographic review. 
However, we caution that there is much to be 
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done to successfully integrate the WEF nexus in 
the urban agenda and encourage engagement 
among the public and policymakers. The search 
for sustainable development can benefit enor-
mously from nexus innovations. It must, never-
theless, be the subject of constantly questioning, 
reflecting, and exploring its multidimensionality, 
bringing together all sectors, scales, and diverse 
social actors.
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Abstract

The water-energy-food nexus is directly con-
nected with the implementation of the 17 
Sustainable Development Goals (SDGs) that 
make up the United Nations 2030 Agenda. 
Therefore, the water-energy-food nexus is 

directly related to the objective of building 
sustainable cities, to achieve the 17 SDGs. In 
this research, the nexus composed by the 
triad—water-energy-food—is evidenced, 
based on the following: SDG 2: zero hunger 
and sustainable agriculture; SDG 6: clean 
water and sanitation; SDG 7: clean and 
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affordable energy; connected to SDG 11: 
sustainable cities and communities. As a 
result, water quality, access to clean and 
renewable energy, and food security play and 
exercise a central role in the cities’ sustain-
ability. Thus, to make more sustainable cit-
ies, they must adopt energy efficiency 
strategies and promote renewable and clean 
energy technologies. In this connection, this 
research aims to analyze the importance of 
the water, energy, and food nexus for the pro-
motion of sustainable cities in the framework 
of the Sustainable Development Goals. To 
that effect, we used a methodology sugges-
tion that considered the need for an integra-
tive literature review, as well as an analysis 
of field practical data. Furthermore, a theo-
retical analysis was structured, thus propos-
ing three levels of hypotheses described and 
discussed in the text. As a result, this article 
has a double aspect: it contributes to broad-
ening the literature, and at the same time it 
points out mechanisms for managers and 
municipal policymakers to develop better 
policies and strategies that enable the 
achievement of the SDGs, especially those 
listed above, having as a consequence strate-
gies to mitigate the impacts of climate 
change.

Keywords

Water-energy-food nexus · Sustainable cities · 
Sustainable Development Goals · Sustainable 
development

2.1  Introduction

The phenomenon of urbanization is undoubtedly 
an issue that, although not emerging from the 
contemporary catastrophic process, is a topic that 
has been discussed for some time, taking into 
account both the humanistic condition and the 
direction that will be given in the use of urban 
spaces and their resources (Lefebvre, 2016). With 
the process of industrialization and migration of 

populations from rural to urban spaces, several 
issues emerged, such as health crises, housing 
deficit, urban swelling, and environmental dete-
rioration among others (Alfonsin, 2001).

In this perspective, themes focused on the 
issue of resources inserted in the framework of 
urban space show a latent gap and thus suggest 
studies and mechanisms for the present-future 
projection of these resources. To validate the per-
spectives of sustainable cities, it is important to 
consider the rational use of spaces, resources and 
their fair distribution.

Thus, the water, energy, and food nexus, or 
simply nexus, first presented at the Bonn 
Conference in 2011, is perhaps the UN’s greatest 
contribution to postmodern society as a tool for 
building a world in which the needs of the largest 
number of inhabitants on our planet are met. The 
nexus provides resources for improving water, 
energy, and food security for the communities 
that use it. The logic of the nexus combines three 
strategic resources in an integrated way. It is 
through that logic that the developed and devel-
oping nations can be presented with an intelligent 
view capable of guiding technicians, scientists, 
managers, and society in general, in the optimi-
zation of solutions, improving governance in all 
sectors (Islam et al., 2020; Schlör et al., 2020).

The concept of sustainability has been intro-
duced, considering the well-being of the planet 
with continued growth and human development. 
The definition offered by the World Commission 
on Environment and Development has been seen 
as the guiding principle for long-term global 
development and is based on economic develop-
ment, social development, and environmental 
protection: “meeting the needs of the present 
without compromising the ability of future gen-
erations to meet their own needs” (WCED, 1987).

In the last decades, many significant interna-
tional events and commitments have impacted 
the evolution of sustainable development 
(Beynaghi et al., 2014; Lozano et al., 2014). In 
2015, the 2030 Agenda for Sustainable 
Development was launched. This global develop-
ment agenda includes 17 UN Sustainable 
Development Goals, or SDGs, and 169 mile-
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stones.  The agenda addresses critical issues fac-
ing the world today, including the eradication of 
extreme poverty, tackling global inequality and 
climate change, promoting sustainable urbaniza-
tion and industrial development, protecting natu-
ral ecosystems, and fostering the even growth of 
peaceful communities and governing institutions. 
A set of 232 indicators has also been developed 
to measure progress on SDG goals and targets, 
within and across countries (UN, 2018a). After 
5 years, some progress is visible according to the 
last report of the UN (2020a): the share of chil-
dren and youth out of school had fallen; the inci-
dence of many communicable diseases was in 
decline; access to safely managed drinking water 
had improved; and women’s representation in 
leadership roles was increasing. At the same 
time, the number of people suffering from food 
insecurity was on the rise, the natural environ-
ment continued to deteriorate at an alarming rate, 
and dramatic levels of inequality persisted in all 
regions.

The goals call for action “for people, planet, 
prosperity, peace, and partnership” to be imple-
mented by “all countries and all stakeholders, 
acting in collaborative partnership.”

With the adoption of the SDGs, countries and 
cities around the world are turning to the question 
of SDG implementation. How to make practica-
ble these ambitious global goals? How can the 
national and local governments contribute? And 
why must cities and human settlements play a 
crucial role in their implementation (Kanuri 
et al., 2016)?

In this agenda, there is a specific goal with a 
focus on cities. The SDG 11 calls for “making 
cities and human settlements including, safe, 
resilient, and sustainable.” That means creating 
opportunities for all, safe and affordable housing, 
better conditions in public transport, creating 
green spaces, improving urban planning, prepar-
ing cities with resilient societies and economies, 
and evenly increasing management with partici-
patory ways.

Cities are critical to achieving the SDGs. As 
the world continues to urbanize, sustainable 
development depends increasingly on the suc-
cessful management of urban growth for meeting 

the needs of the populations (UN, 2019). 
According to the United Nations’ report, the 
world’s population is expected to increase by 2 
billion persons in the next 30 years, from 7.7 bil-
lion currently to 9.7 billion in 2050. That means 
that many cities and countries will face chal-
lenges including infrastructures such as housing, 
transportation, energy systems, and basic ser-
vices such as education, health care, and food 
(UN, 2018b). Cities encompass some of the main 
issues to sustainable urban development, such as 
urban planning, transport systems, water, sanita-
tion, waste management, disaster risk reduction, 
access to information, education, and capacity 
building (UN, 2020b).

The data shows that cities produce more than 
50% of the world’s greenhouse gas emissions 
(Hoornweg et al., 2011), are responsible for the 
use of 60% of the world’s energy, and contribute 
to 70% of global waste (UN-Habitat, 2020). For 
this reason, cities are frequently considered the 
optimum strategic scale for action to mitigate cli-
mate change, in terms of land use, carbon control 
policies, and transitions toward a green 
economy.

In a scenery where climate change is acceler-
ating, the world crisis is due to the scarcity of 
resources, and their poor distribution is becoming 
more worrying. One of the approaches is the 
water-energy-food nexus (Urbinatti, 2020). 
Toboso-Chavero et al. (2018) argue that cities are 
rapidly growing; they need to look for ways to 
optimize resource consumption, especially the 
food, energy, and water nexus.

Due to that, cities are increasingly paying 
attention to the sustainable development drivers. 
A sustainable city maximizes the benefits in 
 economic and social dimensions under relevant 
constraints on environmental limitations (Mori & 
Yamashita, 2014). The authors emphasize the 
need for a balance between social and economic 
living standards and environmental 
sustainability.

Since 2016, the progress of the SDGs has been 
monitored globally, regionally, and subnationally. 
The SDSN (Sustainable Development Solutions 
Network) and Bertelsmann Stiftung annually pub-
lish the SDG Index and Dashboards (sdgindex.org). 
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In terms of the SDG 11 progress, the US Cities 
Sustainable Development Report (Lynch et  al., 
2019) provides an entry point into the United 
Nations’ Sustainable Development Goals at the 
city level in the United States. The report shows 
that city performance isn’t as closely tied to size, 
location, or goal; solutions and furthering progress 
require localized understanding and interventions. 
The last report published by SDSN discusses the 
impact of COVID-19 on SDG progress (Sachs 
et al., 2020). It is indisputable that COVID-19 will 
have severe negative impacts on most SDGs. In 
terms of sustainable cities and communities (SDG 
11), the negative impact has been mixed or moder-
ate; there is a rise in urban poverty and vulnerabil-
ity; shut down of public transports, lower access to 
public/green spaces; movements of population 
that vary across countries; and sharp short-term 
reduction in pollution levels.

There is no doubt that there are still many 
challenges ahead for cities to be inclusive, pro-
ductive, and environmentally friendly. New chal-
lenges have arisen due to COVID-19, an 
unprecedented crisis that is threatening lives and 
livelihoods, impacting health, the economy, and 
society in all countries (Leal Filho et al., 2020).

Thus, in the scope of sustainable urban spaces, 
a relevant aspect that even guided the theme 
selection, as well as the way to explore the bibli-
ography, is about urban sustainability. The urban 
sustainability proposed by SDG 11 connected 
with the resources distributed and used in the 
urban setting, that is, water, energy, and food 
nexus, highlights the need to think and rethink 
policies that are more in line with the socio- 
environmental cities’ outlook.

Given the aspects addressed, this article aims 
to analyze the importance of the water, energy, 
and food nexus for the promotion of sustainable 
cities in the context of the objectives of sustain-
able development.

2.2  Theoretical Framework

The literature review is divided into two themes: 
(1) the energy-water-food nexus as graphene for 
the SDGs and (2) the energy-water-food nexus in 
the context of sustainable cities.

2.2.1  The Energy-Water-Food Nexus 
as Graphene for the SDGs

Graphene is a derivative of carbon (one of its 
crystalline forms), as are the carbon nanotubes 
(diamond and graphite), and when added to other 
materials has remarkable thermal, mechanical, 
and electrical properties. Most applications in 
energy storage devices revolve around the appli-
cation of graphene, as it can improve the perfor-
mance, functionality, and durability of many 
applications. It is the strongest, lightest, and thin-
nest material that exists, being much more resis-
tant than steel even though it is a two-dimensional 
material, that is, it has the thickness of an atom 
(Alam et al., 2019; Olabi et al., 2021).

And just like graphene, which comes from a 
simple, elementary, and necessary raw material 
for the formation of life, as we know it on Earth, 
the nexus is also a simple concept, whose very 
name clarifies its purpose and which establishes a 
relationship among three important resources for 
life on Earth (Hua et al., 2020). When investigat-
ing its potential, one can think of the nexus as a 
kind of graphene for the achievement of the 
Sustainable Development Goals (SDGs) and sus-
tainability. Just as graphene has the potential to 
transform the world (Bandala & Berli, 2019; 
Makgabutlane et  al., 2020), so does the nexus, 
which has incredible potential with much to be 
researched, being able to enhance the service of 
all SDGs.

The nexus is aligned not only with the concept 
of sustainability but also with the concept of 
industry 4.0. In this sense, we are already begin-
ning to observe the emergence of concepts such 
as sustainability 4.0. If for some authors, industry 
4.0 is seen more for its negative aspects, such as 
being responsible for the loss of countless jobs 
and for fostering the concentration of income; on 
the other hand, it can be an excellent ally of 
developed nations in meeting the SDGs and in 
the development of circular economy models 
(Dantas et al., 2020; Bai et al., 2020).

The techniques of automated irrigation and 
automation in planting are examples of how to 
optimize food production and also to reintroduce 
forests, thereby meeting various SDGs and avoid-
ing diplomatic friction in the intervention in the 
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natural wealth of other nations (USW, 2010; Goh 
et  al., 2020). The automatic irrigation system 
allows the plants to receive water in the exact 
amount that the plant needs, and it is even possi-
ble to schedule irrigation. Thus, it eases the mon-
itoring and irrigation time, which generally needs 
an extended working time, especially if the gar-
dens have plants of different species, thus requir-
ing irrigation in different quantities. This process 
is especially useful for greenhouses, including 
vertical gardens, thus allowing a large amount of 
food to be produced in a reduced space. For auto-
mated planting, specific equipment is used, which 
can use sensors for temperature and humidity of 
the air and soil and sensors for solar radiation.

It is observed the importance of interventions 
and support from governments in supporting 
research and incubators to address market fail-
ures so that the SDGs are achieved, remembering 
that sustainable development manages to meet 
the needs of the current generation without com-
promising the existence of future generations, at 
the same time that the best education is that 
which takes place through example (Surana et al., 
2020).

Thus, it could be stated that if the concept of 
the nexus was already known and widely spread 
worldwide, it could have prevented the majority 
of developed countries from destroying their for-
ests and from now being so concerned with for-
ests and resources preserved by underdeveloped 
or developing countries. Even though Brazil has 
about 2/3 of its original forests preserved, the 
cleanest energy matrix in the world, passenger 
cars that do not use diesel, and is a pioneer in 
biofuels such as ethanol, it suffers from harsh 
environmental legislation that slows down the 
updating of its road and rail network, among 
other things, just like other developing countries. 
It is above all in the social dimension of sustain-
ability that the ability to minimize conflicts is 
identified in the nexus, presenting evidence of 
becoming a central element in the development 
of a new era. Thus, while the SDGs can be seen 
as a set of guiding concepts for actions capable of 
developing the actions, the nexus contributes to 
the achievement of the SDGs by presenting con-
cepts and strategic visions of resource manage-

ment indispensable to human life, and in this 
sense the industry 4.0 also contributes to the 
achievement of several SDGs, highlighting two 
notable characteristics, the first is the potential to 
reforest large areas of deforested land and the 
automation associated with tools, software, irri-
gation systems, and machinery, which allow 
jumps in the volume of food production in the 
world, making it possible to feed the more than 7 
billion human beings that currently live on our 
planet (Bai et al., 2020; Dantas et al., 2020).

For Islam et al. (2020), most studies related to 
the nexus were carried out by the United States, 
China, and Australia, representing 23%, 17%, 
and 15% of the total, respectively. Engineering 
thought from the perspective of the nexus is capa-
ble of turning professionals from the so-called 
hard sciences into social scientists, who, by per-
forming engineering thinking with the logic of 
the nexus, sophisticate engineering projects and 
processes and thus meet important concepts and 
theories defended by social scientists, creating 
synergies and increasing efficiency (Proctor 
et al., 2020; Schlör et al., 2020).

Since the nexus relates three irreplaceable 
resources for human survival, at the same time 
that it guides managers in the efficient treatment 
of resources, the nexus also demonstrates their 
role as science and practice in international rela-
tions between countries and in their domestic 
markets. This art of orienting human relations in 
the face of strategic resources is what is identified 
in the nexus as an important instrument of diplo-
macy. Wars originate by obtaining resources, and 
then there are strategic management and gover-
nance tools that raise awareness and guide the 
importance of resources, the responsibility of all 
parties interested in these resources, and the 
encouragement of management tools capable of 
optimizing the use of resources prove to be diplo-
matic elements and, in essence, aligned with the 
UN objective, in creating the nexus in 2011 and 
the SDGs in 2015 (Salmoral et  al., 2019; Hua 
et al., 2020; Schlör et al., 2020).

If, on the one hand, diplomacy can be under-
stood as the art of preserving the rights and interests 
of the State in negotiation with foreign govern-
ments, on the other hand, through diplomatic 
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relations, countries can bargain the resource of 
other countries, avoiding military wars and practic-
ing wars of narratives and media in the defense of 
their interests. In this sense, international law recog-
nizes the ability of States to exercise diplomatic 
protection over their national interests, and thus, 
again, the nexus is capable of structuring diplomatic 
deals on a rationalist basis capable of carrying out 
historical rescues (Hassan et al., 2017; Klimes et al., 
2019; Proctor et al., 2020).

By drawing upon present and future scenarios 
of the planet while at the same time placing on 
the table, in numbers, what each country has 
done for the conservation of global nature 
throughout its history, reveals which countries 
have done little in this direction. Similarly, this 
points out which countries have advanced tech-
nology and how they plan to share these technol-
ogies so that the least developed countries reach 
the minimum acceptable Human Development 
Index (HDI) indicators that enable communities 
to optimize and reach the level of the most impor-
tant SDGs. At the same time, we should avoid 
exacerbating the gap between the under-devel-
oped and developed countries, which mostly 
have advanced technology but have destroyed 
most of their forests. These are important chal-
lenges to be overcome in reaching the SDGs 
(Castillo et al., 2019; Santos, 2020).

The high potential for reforestation made pos-
sible by industry 4.0 is greater in the most tech-
nologically developed countries, which are 
precisely the countries that most polluted their 
waters and destroyed their original forests and 
which today charge countries that have preserved 
high percentages of their forests, to keep them 
untouchable. Industry 4.0 can help countries such 
as the United States, Canada, Russia, China, and 
the countries of the European Union to carry out 
reforestation of their original areas, avoiding dip-
lomatic wear. And so it is clear that industry 4.0 
can be an integrating element of countries, as can 
the nexus (Klimes et al., 2019).

Although cities can employ bioclimatic archi-
tecture solutions in their projects, aligned to the 
nexus, enabling water collection, treatment, and 
reuse, the use of energy efficiency and IoT con-
cepts, along with renewable sources of energy 

generation, and also privilege the production of 
part of the food to be consumed in the urban envi-
ronment, the fact is that large centers have become 
conflicting zones, as they do not support the 
demands and expectations of their inhabitants. 
Therefore, concepts such as those of sustainable 
cities and/or healthy people are more easily served 
in smaller cities, with a better population distribu-
tion from large centers to small centers, enabling 
direct service to important SDGs (del Río Castro 
et al., 2020; Liu et al., 2021).

2.2.2  The Energy-Water-Food Nexus 
in the Context of Sustainable 
Cities

Since the second half of the last century, discus-
sions have been intensified about the urbaniza-
tion process, which took place simultaneously in 
different parts of the world. In this connection, 
Lefebvre (2016) emphasized that this process 
occurred simultaneously with the advance of 
industrialization, which caused cities to spread 
into rural spaces and, consequently, led to the 
invasion of these spaces.

In this way, also according to Lefebvre (2016), 
that reckless urbanization driven by industrializa-
tion, whether from the perspective of rural-urban 
migration of people seeking jobs and economic 
improvement or from the perspective of enjoying 
the sociable spaces, resulted in the disorderly use 
of natural resources existing in the spaces that 
made up the cities.

As a result, the Industrial Revolution showed 
humanity how much the human being is capable 
of producing but also how much the human being 
is capable of consuming. Meadows (1972) pro-
jections impacted the world because they demon-
strated that there is a limit to growth, imposed by 
nature itself. From this point on, many actions 
were taken to preserve the environment. However, 
where there are factories, there is employment. 
And a movement of people leaving the country-
side searching for a better quality of life in cities 
could be seen all over the world.

New projections have been made; according 
to the UN (2019), 55% of the world’s population 
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lives in urban areas, and the population in urban 
areas is expected to be 70% of the world popula-
tion by 2050. Therefore, cities need to prepare 
and transform themselves, becoming sustainable, 
healthy, intelligent, and resilient. Governments 
need to consider the goals for 2030 of the 
Sustainable Development Goals (SDGs) as a 
whole and contribute to solving so many prob-
lems that many cities still have.

Conceptualizing sustainable, healthy, intelli-
gent, and resilient cities can be complex, as it 
requires urban transformation with economic and 
systemic changes. In general, it is a process that 
will make cities efficient, livable, inclusive, and 
environmentally friendly (Chehri & Mouftah, 
2019). Much research is being carried out on 
urban sustainability to contribute and conceptual-
ize urban sustainability.

A sustainable city can be defined as cities that 
develop responsibly in terms of social, environ-
mental, and economic dimensions (Brito et  al., 
2019). These cities must reduce impact, waste, 
and emissions and expand recycling and encour-
age local businesses (El Ghorab & Shalaby, 
2016), in addition to promoting environmental 
education. An active intervention aimed at 
improving the network of green spaces (Haase et 
al., 2017), the quality of human life (Li & Yi, 
2020), and economic growth (Jing & Wang, 
2020), is an essential driver to this aim.

We sought to define characteristics, indica-
tors, and sub-indicators for sustainable, healthy, 
intelligent, and resilient cities. Anand et  al. 
(2017) proposed a series of criteria and indica-
tors; for this research, the following stand out: 
food security, use of renewable energy, and water 
quality/availability. Brito et al (2019) mentioned, 
among others, the following criteria: people, 
water, energy efficiency, and waste.

Deng et al. (2019), when proposing an evalua-
tion method for urban sustainability, divided the 
evaluation points into primary dimensions, 
namely, building and installation, natural envi-
ronment, people’s satisfaction, and transportation 
system. Each primary dimension is made up of 
subdimensions. Regarding the subdimensions, 
the following stand out: energy efficiency, con-

sumption efficiency, energetic environment, and 
health care.

Meerow (2020) cites the danger of rainwater. 
Su et  al. (2019) present the indicators: energy 
consumption by gross domestic product (GDP) 
and water consumption by GDP. Langellier et al. 
(2019), with a view to a healthy city, present the 
indicators: changes in food preferences and nutri-
tional literacy, among others. Based on this infor-
mation, the importance of issues related to 
energy, water, and food is noticeable.

As highlighted by Sachs (2015) in the book 
The Age for Sustainable Development, the defi-
nition of sustainable cities is threefold, involving 
the three dimensions of sustainable development. 
Sustainable cities are economically productive, 
socially and politically inclusive, and environmen-
tally sustainable. It means that cities must promote 
an inclusive and efficient economic activity and 
preserve the biodiversity, air, and water and physi-
cal health and safety of the citizens, especially in 
an age of increasing vulnerability to extreme cli-
mate catastrophes from climate change.

However, even though there are many sustain-
able city initiatives worldwide, there are also 
many difficulties and challenges.

The official road map for achieving the SDGs 
in urban environments, Getting Started on the 
SDGs in Cities was proposed by Kanuri et  al. 
(2016) with collaboration from SDSN’s Thematic 
Network on Sustainable Cities. The guide underly 
four steps: Step 1: Initiate an inclusive and 
 participatory process of SDG localization. This 
includes raising awareness of the SDGs, engag-
ing stakeholder collaboration, and potentializing 
political leadership. Step 2: Set the local SDG 
agenda: equipping the SDGs with ambitious but 
realistic local agendas, evidence-based decision- 
making, and public involvement. Step 3: Plan for 
SDG implementation: using goal-based plan-
ning, both long-term and multi-sectoral, and sup-
porting it with financial resources and 
partnerships. Step 4: Monitor SDG progress: 
developing local monitoring and evaluation sys-
tems that are affordable, comprehensive, and 
effective in reliably capturing progress on local 
goals and targets.
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In Brazil, the first connotation given to the 
idea of sustainable cities occurred through the 
normative scope of Federal Law 10.257 of 2001, 
also called the Statute of Cities. This law, in addi-
tion to establishing and regulating the Brazilian 
Urban Policy, aims to establish basic guidelines 
to govern the common use of urban spaces and 
also to establish mechanisms to conceptualize 
and seek the construction of apparatuses for 
urban sustainability (Brasil, 2001).

From this perspective, later in Brazil, the 
Sustainable Cities Program, an initiative of orga-
nized civil society in 2011, aims to contribute to 
the sustainability of cities through the involve-
ment of the teams responsible in the city halls. 
The program proposes a process based on guide-
lines, indicators, and targets, organized into 12 
thematic areas and linked to SDGs: (1) gover-
nance; (2) common natural resources; (3) equity, 
social justice, and a culture of peace; (4) local 
management for sustainability; (5) urban plan-
ning and design; (6) culture for sustainability; (7) 
dynamic, creative, and sustainable local econ-
omy; (8) education for sustainability and quality 
of life; (9) better mobility; (10) local action for 
health; (11) from local to global; and (120 respon-
sible consumption and lifestyle options. The rel-
evance of this program is that it is based on the 
engagement of local governments with goals for 
action during their management time (Programa 
Cidades Sustentáveis, 2017, 2020).

Although many collaborations between poli-
tics, research, business, and civil society have 
been developed in cities worldwide, Khair et al. 
(2020) emphasize the importance of local com-
munity active participation in promoting a city 
more sustainable, especially regarding their mon-
itoring process.

Weymouth and Hartz (2018) also argue that to 
achieve the implementation of SDGs in cities, 
collaborative problem-solving and decision- 
making are required. According to them, the role 
of new partnerships in governance and the 
empowered participation of everyday people to 
develop public wisdom can help cities to inte-
grate and implement SDGs and bring transforma-
tive change.

Dalla Fontana et  al. (2020) researched the 
water-energy-food nexus in the Brazilian context. 

The authors mentioned that when implementing 
policies aimed at a specific sector, objectives in 
other areas may be impaired since the nexus 
requires an integrated approach. The research by 
Yuan et al. (2020) aims to measure the sustain-
ability of the urban food-energy-water nexus in 
cities. The model used is composed of nine indi-
cators, which are food production, malnutrition, 
agricultural area, energy consumption, electrical 
access, renewable energy, water consumption, 
access to water, and wastewater collection.

Bazzana et al. (2020) studied the impact of the 
water-energy-food nexus infrastructure on local 
well-being. According to the authors, the nexus 
proposes the use of natural resources in the social 
and economic context; however, the well-being 
of the population about investments in infrastruc-
ture is controversial.

When analyzing the effects of the construction 
of a specific hydroelectric plant, the results 
showed that there was a competition for land 
between rural communities and the water and 
energy sectors. In addition, the population’s eco-
nomic constraints can reduce access to new ser-
vices (Bazzana et al., 2020).

However, thinking about the water-energy- 
food nexus in the context of sustainable cities 
proposes environmentally, economically, and 
socially viable policies but also intelligent, resil-
ient, inclusive, and healthy. It is therefore impor-
tant to assess whether the indicators contribute to 
the Sustainable Development Goals (SDGs). 
With that, we have the hypotheses of this 
research:
H1. There is an influence of sustainable city 

energy indicators in the SDGs.
H2. There is an influence of water indicators of 

sustainable cities in the SDGs.
H3. There is an influence of food indicators from 

sustainable cities in the SDGs.

2.3  Methodology

The theoretical-methodological structure pro-
posed by this research followed two pathways: 
(1) selection of the methods used and (2) division 
of the steps and procedures used in the collection 
and treatment of data. For the first stage, the 
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choice of methods and guidelines, their nature, 
way of obtaining data, and way of approach are 
highlighted.

Regarding its nature, it is proposed as applied 
research, since it aims to investigate and correlate 
data obtained directly, with the findings in the lit-
erature in the search for answers to the proposed 
hypotheses. To help with this type of research, 
there is the direct research method, which, 
through its mechanisms, seeks evidence in the 
delimited field for analysis and sampling (Martins 
& Theóphilo, 2018). On the other hand, regard-
ing the approach, this research is based on a 
quantitative approach, since, from the perspec-
tive of Saunders et  al. (2016), the quantitative 
approach allows the formulation of hypotheses, 
which can be tested (contributing to the develop-
ment of the theory) or examined in future 
research.

About the steps of procedures used in this 
research, three major basic cores stand out, 
namely, (1) literature review, using systematic 
mechanisms for an integrative review; (2) proce-
dures for preparing indicators and sub-indicators; 
and (3) structuring of data collection and analysis 
mechanisms and definition of the application 
area (Florianópolis).

Thus, in the first stage, for the integrative 
review, databases were not specifically defined, 
since the objective of integrative reviews is to 
obtain the main elements to support a given topic. 
However, in the searches, we used the main 
repositories/publishers such as Elsevier, 
Periódicos CAPES, Springer, and Google 
Scholar, searching keywords “water-energy-food 
nexus”; “sustainable cities”; “water-energy”; and 
“food nexus,” defined to obtain more relevant and 
quoted results, compatible with the thematic 
proposal.

For the second stage, regarding the proce-
dures for the development of indicators and 
sub- indicators, the literature review was essen-
tial, as it allowed the extraction of the most 
cited indicators. Subsequently, in the third 
stage, the data collection instrument was elabo-
rated, using the questionnaires through the 
Google Forms tool, proposing a data collection 
instrument connected with the findings of the 
literature review.

In a subsidiary way, an analysis was carried 
out using descriptive statistics and the technique 
of modeling structural equations of partial least 
squares. For that, the real data were collected 
through direct research applying questionnaires. 
The dimensions listed in the present study were 
identified, translated, analyzed, and adapted from 
existing models in the literature mentioned in this 
work, aiming at maintaining compatibility with 
the theme and context of this research.

Regarding the procedures of the third stage, 
we highlight (1) the structuring of the research 
instrument and (2) data collection. Thus, the first 
version of the instrument had 72 questions on the 
4 dimensions. On the other hand, about data col-
lection, the period used was between June, 27 
and August, 18, 2020, online, through the Google 
Forms tool with dissemination on social net-
works and email distribution.

Regarding data collection, initially, the com-
pletion and validation of the questionnaires 
received were verified. A total of 75 question-
naires were collected and validated. The criterion 
used was the selection of respondents living in 
the metropolitan region of the city of 
Florianópolis. The delimitation of this region fol-
lowed the sampling method; despite the non- 
probabilistic sampling, this can be considered a 
homogeneous group, with at least one character-
istic in common, residents of Florianópolis, as 
recommended by Flynn et  al. (1990) and 
Hourneaux Jr et al. (2018).

And as the last procedure, the data collected 
were entered into Excel spreadsheets and ana-
lyzed using descriptive statistics and the model-
ing of the technique partial least squares structural 
equations (partial least squares), supported by the 
SmartPLS software, version 3. Subsequently, 
there was a compatibility comparison of the data 
obtained with the literature review, culminating 
in the discussion established in this research.

2.4  Presentation of Results

The sustainable city model is composed of 3 indi-
cators, which are (1) energy, with 9 sub- 
indicators; (2) water, with 13 sub-indicators; and 
(3) food, with 3 sub-indicators.
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Table 2.1 shows the strategic map of the 
energy indicator, including the description of the 
indicator and the sub-indicators, as well as the 
authors who supported the indicator and the 
sub-indicators.

Yuan et al. (2020) observed that renewable 
energy plays an essential role in the nexus 
and that future work should focus on the 
technological innovation associated with the 
nexus. State- of- the-art technology, which in 
recent years has become accessible on some 
scale to remote regions, enhanced the quality 
of life in the countryside, minimizing rural 

exodus and enabling reverse movement, espe-
cially after the COVID- 19 world pandemic in 
which people have been forced to isolate at 
home to avoid crowds, which is uncommon in 
rural regions.

Table 2.2 shows the strategic map of the water 
indicator, including the description of the indica-
tor and the sub-indicators, as well as the authors 
who supported the indicator and the 
sub-indicators.

The nexus also provides resources where there 
is a regional shortage, for example, through the 
so-called virtual water imports. Whether through 

Table 2.1 Strategic map of the energy indicator

1 Indicator Energy indicator
Description Actions aimed at energy efficiency
Authors Bao and Toivonen (2014), Taecharungroj et al. (2018), Sokolov et al. (2019), 

Brito et al. (2019), Anand et al. (2017), Alyami (2019), Subadyo et al. (2019), Su 
et al. (2019), Li and Yi (2020), Ruan et al. (2020), Brilhante and Klaas (2018), 
Sokolov et al. (2019), Deng et al. (2019) and Vukovic et al. (2019)

1.1 Sub- indicator Energy consumption by GDP
Description Energy consumed for a population
Authors Su et al. (2019), Li and Yi (2020), Ruan et al. (2020) and Brilhante and Klaas 

(2018)
1.2 Sub- indicator Solar energy and energy from waste plants
Description Clean energy sources
Authors Subadyo et al. (2019) and Sokolov et al. (2019)
1.3 Sub- indicator Wind force
Description Wind power source
Authors Subadyo et al. (2019)
1.4 Sub- indicator Smart housing
Description Residences with clean technologies
Authors Anand et al. (2017) and Deng et al. (2019)
1.5 Sub- indicator Hydroelectric plants
Description Amount of energy generated in hydroelectric
Authors Subadyo et al. (2019)
1.6 Sub- indicator Energy measurement or sub-measurement
Description Energy spent on a population
Authors Alyami (2019)
1.7 Sub- indicator Potential for renewable energy and passivity
Description Amount of energy that can be generated
Authors Bao and Toivonen (2014), Anand et al. (2017), Brilhante and Klaas (2018) and 

Alyami (2019)
1.8 Sub- indicator Energy-efficient building systems
Description Clean technologies for buildings
Authors Bao and Toivonen (2014), Alyami (2019), Subadyo et al. (2019) and Vukovic 

et al. (2019)
1.9 Sub- indicator Energy-efficient technologies
Description Investment in clean technologies
Authors Anand et al. (2017) and Sokolov et al. (2019)
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Table 2.2 Strategic map of the water indicator

2 Indicator Water indicator
Description Actions aimed at water efficiency
Authors Bao and Toivonen (2014), 

Taecharungroj et al. (2018), 
Sokolov et al. (2019), Brito et al. 
(2019), Alyami (2019), Subadyo 
et al., (2019), Su et al. (2019), 
Meerow (2020), Brilhante and 
Klaas (2018), Giles-Corti et al. 
(2019), Steiniger et al. (2020), 
Jing and Wang (2020) and Li and 
Yi (2020)

2.1 Sub- 
indicator

Access to drinking water

Description Access to drinking water in a 
population

Authors Bao and Toivonen (2014), 
Brilhante and Klaas (2018), 
Alyami (2019), Giles-Corti et al. 
(2019) and Steiniger et al. (2020)

2.2 Sub- 
indicator

Wastewater capacity

Description The capacity of wastewater in a 
city

Authors Brilhante and Klaas (2018), 
Alyami (2019) and Jing and Wang 
(2020)

2.3 Sub- 
indicator

Water intake (rain, runoff)

Description Investment in water intake
Authors Alyami (2019) and Sokolov et al. 

(2019)
2.4 Sub- 

indicator
Per capita water consumption

Description Water consumption of a 
population

Authors Brilhante and Klaas (2018) and Su 
et al. (2019)

2.5 Sub- 
indicator

Industrial wastewater produced

Description Quantity of wastewater produced 
from industries

Authors Jing and Wang (2020) and Li and 
Yi (2020)

2.6 Sub- 
indicator

Renewable water source

Description Investment in renewable water
Authors Alyami (2019)
2.7 Sub- 

indicator
Quality of wastewater treatment 
service

Description Water quality
Authors Steiniger et al. (2020)

(continued)

Table 2.2 (continued)

2.8 Sub- 
indicator

Water reuse (recycled)

Description Investment in water recycling
Authors Alyami (2019)
2.9 Sub- 

indicator
The leak detection system, meter 
system

Description Monitoring of water leakage
Authors Alyami (2019)
2.10 Sub- 

indicator
Drainage, sewage, and water 
systems

Description Drainage, sewage, and water 
actions

Authors Giles-Corti et al. (2019)
2.11 Sub- 

indicator
Water conservation technology 
and accessories

Description Investment in clean water 
technologies

Authors Alyami (2019)
2.12 Sub- 

indicator
Sewage and garbage treatment

Description Actions aimed at the treatment of 
sewage and garbage

Authors Bao and Toivonen (2014), 
Brilhante and Klaas (2018), 
Alyami (2019), Steiniger et al. 
(2020), Su et al. (2019) and Li and 
Yi (2020)

2.13 Sub- 
indicator

Surface runoff production

Description Estimation of runoff production
Authors Meerow (2020)

land degradation, water scarcity, or food crises, 
the main challenge under these various levels of 
restrictions is to reconcile long-term and global 
objectives, not limited to an immediate vision of 
economic benefits, privileging the guarantee of 
local livelihoods and nonnegotiable human rights 
to water and food, as well as energy, resources 
directly related to the HDI of nations (Xu, 2019; 
Islam et al., 2020; Liu et al., 2021).

Table 2.3 shows the strategic map of the food 
indicator, including the description of the indica-
tor and the sub-indicators, as well as the authors 
who supported the indicator and the 
sub-indicators.

One of the issues that have become a concern 
with estimates of population growth is how to feed 
everyone. Today, malnutrition is still an unsolved 
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Table 2.3 Strategic map of the food indicator

3 Indicator Food indicator
Description Actions focused on food
Authors Bao and Toivonen (2014), 

Langellier et al. (2019), Anand 
et al. (2017), Rosales (2011), 
Giles-Corti et al. (2019), He et al. 
(2020) and Steiniger et al. (2020)

3.1 Sub- 
indicator

Nutritional literacy

Description Provision of nutrition professionals
Authors Langellier et al. (2019)
3.2 Sub- 

indicator
Taxation of ultra-processed foods

Description Control of ultra-processed foods
Authors Langellier et al. (2019)
3.3 Sub- 

indicator
Access to food with sustainable and 
quality production

Description Providing healthy food
Authors Bao and Toivonen (2014), 

Langellier et al. (2019), Anand 
et al. (2017), Rosales (2011), 
Giles-Corti et al. (2019), He et al. 
(2020) and Steiniger et al. (2020)

problem, affecting 40% of the world’s population. 
Another problem that often goes unnoticed is the 
deficiency of micronutrients, such as vitamins. 
There is also a third problem, obesity, common 
mainly in rich countries; about 15% of the world 
population are obese (Sachs, 2017).

Many people are not well informed about the 
nutrients they need to have a healthy life, so 
nutritional literacy and the availability of nutri-
tion professionals are important. Many people do 
not have a varied menu; thus, they are deficient in 
nutrients.

2.4.1  PLS (Partial Least Squares) 
Analysis

In this subsection, the analysis of partial least 
squares will be carried out, through two steps: 
evaluation of the measurement model and analy-
sis of the structural model, both of which are bro-
ken down in sequence.

2.4.2  Evaluation of the Model: 
Validity and Reliability

From the exportation of the collected primary data 
to the SmartPLS software, version 3, and its con-
figurations having been made, the report of the 
preliminary data obtained was generated. The 
evaluation of the model started through its conver-
gent validity, reliability, and discriminating valid-
ity, as recommended by Hair Junior et al. (2017).

It should be noted, however, that the sequence 
of analyses occurred by the recommendation of 
Bido et al. (2019), namely, (1) convergent valid-
ity; (2) discriminant validity (DV); (3) reliability; 
one of the assumptions for assessing reliability is 
that its convergent and discriminant validity are 
adequate. Thus, if any problem in the convergent 
or discriminant validity is diagnosed, it is sug-
gested not to proceed to the reliability 
assessment.

Thus, it was found that the AVE of the latent 
variable (LV) values   greater than 0.50 are accept-
able, according to Ringle et al. (2014), and values   
greater than 0.40 may be acceptable in applied 
social sciences.

Once the convergent validity is assured, the 
next step was to assess the model’s discriminant 
validity, which indicates whether the constructs 
or variables are independent of each other (Hair 
Junior et  al., 2017). According to Ringle et  al. 
(2014), there are two ways to ascertain this indi-
cator: (a) by observing the cross loads, that is, 
indicators with higher factor loads in their respec-
tive LV than in the others, as recommended by 
Chin (1998) and (b) Fornell-Lacker criterion, in 
which the square roots of the AVE must be greater 
than the correlations between the constructs 
(Fornell & Larcker, 1981).

First, cross factorial loads were evaluated, 
according to the Chin criterion (1998), which 
proved to be adequate.

Subsequently, the RV was evaluated accord-
ing to the Fornell-Larcker criteria, which accord-
ing to Hair Junior et al. (2017) is considered more 
conservative. Table 2.4 shows the values   of the 
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Table 2.5 Values   related to the internal consistency of the model

Dimension Cronbach’s alpha Composite reliability AVE
Energy 0.870 0.902 0.607
Food 0.695 0.840 0.653
SDG 0.956 0.961 0.625
Water 0.954 0.960 0.709

Source: Made by the author, based on research data (SMARTPLS3®, 2020)

Energy Food SDG Water

Energy 0.779

Food 0.571 0.808

SDG 0.632 0.661 0.791

Water 0.762 0.672 0.716 0.842

Table 2.4 Values   of the correlations between LV and square roots of the AVE values   on the 
main diagonal (highlighted)

Source: Made by the author, based on research data (SMARTPLS3®, 2020)

correlations between LV and square roots of the 
AVE values   on the main diagonal (highlighted).

Through the analysis of Table 2.4, it appears 
that all the values   of the correlations between 
the LV are less than the square roots of their 
AVE; therefore, the Fornell-Larcker criterion 
was met.

Finally, the values   of internal consistency 
were evaluated using Cronbach’s alpha and com-
posite reliability. Table  2.5 shows the referred 
values, together with the values   related to the 
AVE.

Table 2.5 shows that the Cronbach’s alpha of 
the constructs is greater than 0.60. Also, the reli-
ability criterion met was considered, through the 
composite reliability indexes, which were higher 
than the minimum limit of 0.7 (Hair Junior et al., 
2017).

Therefore, by validating the measurement 
model, based on the criteria described above, the 
next subsection will be dedicated to the analysis 
of the structural model.

2.4.3  Evaluation of the Structural 
Model

The first evaluation carried out consisted of the 
analysis of collinearity, which is the inflation 
variation factor (IVF). According to Hair Junior 
et al. (2009), failure to comply with this assump-
tion may make inferences based on the model 
that is erroneous or unreliable. It is emphasized 
that, in the context of PLS-SEM, IVF value equal 
to or greater than five indicates a potential col-
linearity problem (Hair Junior et  al. 2011). 
However, according to Hair Junior et al. (2009), 
one should consider removing one of the corre-
sponding indicators if the level of collinearity is 
very high, as indicated by an IVF value equal to 
or greater than ten.

As all values   are less than ten, it was decided to 
keep all variables. Subsequently, Pearson’s deter-
mination coefficients (R2) were evaluated. 
According to Ringle et  al. (2014, p.  67), R2 
“assesses the portion of the variance of endogenous 
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Fig. 2.1 Proposed model, R2, and path coefficients. (Source: SmartPLS3® 2020)

variables, which is explained by the structural 
model.” Fig. 2.1 shows the structure of the mea-
surement model, with the values   of R2 and path 
coefficients.

According to Cohen (1988), for the area of   
social and behavioral sciences, the coefficient 
usually varies between 2% and 26%, with 
R2  =  2% considered a small effect; R2  =  13% 
medium effect; and R2 = 26% large effect. Hair 
Junior et al. (2011) consider that R2 results above 
0.20 are considered high in disciplines such as 
consumer behavior.

It appears that the endogenous LV ODS has an 
R2 of 0.582, above the percentage suggested as 
large/high; according to the classifications of 
Cohen (1988) and Hair Junior et  al. (2011), all 
have a large effect on the model. The model 
explained a substantial part of the variation of 
endogenous variables, specifically, 58.20%.

To test the significance of the pointed relation-
ships, the bootstrapping technique was used, 
which, according to Ringle et al. (2014), is a resa-
mpling technique used to assess the significance 
(p-value) of the correlations (measurement mod-
els) and the regressions (structural model). Thus, 
a bootstrapping resampling procedure and analy-
sis were performed with 5000 bootstrap samples 
per group. As shown in Table  2.6, only in 
Hypothesis 1 is it above the reference value 
(1.96). In this case, H0 was rejected, and it can be 
said that the correlations and regression coeffi-
cients are significant, providing support for this 
part of the proposed model.

Then, it is observed in the nexus that the inter-
disciplinarity and multidisciplinarity that this sci-
ence possesses are capable of meeting the urgent 
need to improve water, energy, and food security 
for the poorest. And it is capable to guide the 
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Table 2.6 Hypothesis testing

Hypothesis Path T statistics P values Results
H1 Energy → SDG 1404 0.161 Not supported

H2 Food → SDG 2670 0.008 Supported

H3 Water → SDG 2362 0.019 Supported

Source: Made by the author (2020)

richest not to waste, managing responsibly and 
intelligently necessary and limited resources. 
This can be stated especially if indices and trends 
of population growth on the planet are noted 
(Proctor et al. 2020; Schlör et al., 2020).

Yuan et  al. (2020) state that cities are the 
places where the consumption of food, energy, 
and water occurs and that consumption creates 
challenges that have a strong impact on natural 
sources. Just as the nexus can guide the design of 
engineering and architecture projects, it can also 
assist in the analysis of sustainable, smart, and 
healthy cities and their governance mechanisms.

2.5  Conclusion

With this study, we got the understanding that cit-
ies, in their most unique forms, are inextricably 
connected with the existing nexus in the triad: 
water-energy-food, resulting from the rapid 
urbanization process, which during the last 
decades has proved to be of extreme concern.

In this light, it appears that the main problems 
involving the topic of rapid urbanization; unregu-
lated and unbridled use of natural resources; and 
their resulting social, economic, and environ-
mental problems have resulted in a repetitive 
logic in different parts of the world.

Thus, as a result of this reflection and the 
research carried out between the literature and 
the practice, this article aimed to analyze the 
importance of the water-energy-food nexus for 
the promotion of sustainable cities in the context 
of sustainable development objectives.

As a result, we found the most cited indicators 
and sub-indicators in the literature, which make 
up a sustainable city model regarding the water- 
energy- food nexus. The model had a practical 
application with the population of a city, thus 

validating the relevant indicators and sub- 
indicators for this population.

Cities are the places where the consumption of 
food, energy, and water occurs, and this con-
sumption creates challenges that have a strong 
impact on natural sources. Just as the nexus can 
guide the design of engineering and architecture 
projects, it can also assist in the analysis of sus-
tainable, smart, and healthy cities and their gov-
ernance mechanisms (Yuan et al., 2020).

However, given the positive aspects of indus-
try 4.0, it is clear that it allows for an opposite 
movement, from cities to the countryside. This 
movement helps to reach the quality-of-life indi-
cators, with the advantage that small cities have 
better indicators about urban violence, level of air 
and noise pollution. The consequences of these 
actions can be reflected in lower levels of stress, 
making it even easier to access land, which makes 
green development paths feasible, stimulating 
circular and family economy models (Dantas 
et al., 2020; Liu et al., 2021).

Supported by industry 4.0, the nexus estab-
lishes new engineering concepts and production 
standards, capable of guiding also the commer-
cial relations that occur both between countries 
and in their domestic markets.

The results help municipal managers and poli-
cymakers to formulate policies and strategies that 
enable the SDGs to be met. Furthermore, the 
research contributes to the understanding of the 
interrelationships between the water-energy-food 
nexus and sustainable cities in the context of the 
Sustainable Development Goals and strategies to 
mitigate climate change.
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Abstract

Cities are dependent on hinterlands – whether 
local or global – for water, energy, and food 
(WEF) to sustain urban activities. With the 
projected growth of urban population and con-
sumption, the demand for natural resources 
tends to increase. Moreover, climate change 
will potentially increase the insecurity of the 
availability of WEF in cities. Decision-makers 
in cities are often faced with the very chal-
lenging issue of resource management due to 
scarcity of resources that generates conflicts 
among stakeholders. Therefore, the risks asso-
ciated with rapid urbanization and climate 
change have highlighted the need to reconfig-
ure the development of cities to optimize and 
reduce the use of resources in order to achieve 
the Sustainable Development Goals (SDGs). 

Nevertheless, various approaches have been 
developed in the last decades to improve the 
WEFN. Thus, this chapter presents challenges 
and opportunities for improving the gover-
nance of cities over WEF systems and the 
nexus among them. Using the WEF nexus 
framework, cities would benefit from a transi-
tion toward a circular economy that uses 
renewable resources and designs cyclical and 
efficient systems. This would encourage inno-
vative responses and effective partnerships 
toward smarter cities able to tackle climate 
change.

Keywords

Resilient cities · Integrated planning · 
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· Governance

3.1  Introduction

Most of the urban population and consumption 
are concentrated in cities (UN, 2019). In 2020, 
55% of the world’s population lived in urban 
areas (TWB, 2020). In developing countries, 
one-third of their population is living in informal 
settlements (UN-HABITAT, 2021). The UN esti-
mates that the global urban population will 
increase by 2.5 billion by 2050, with 90% of this 
growth in developing countries (UN, 2019). 
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Urban areas take up just 3% of the world’s sur-
face area, but they account for 60–80% of global 
energy consumption and 75% of global carbon 
emissions (IPCC, 2014). Urbanization rate of a 
country is more correlated to its carbon dioxide 
emissions than GDP per capita, showing that 
urbanization per se has a multiplying effect on 
climate change (Sethi & Puppim de Oliveira, 
2015).

This projected urban population growth, in 
turn, tends to stress water and energy systems 
(TWB, 2020). Consumption and waste are 
further generated from growth in urban popu-
lation, which have environmental conse-
quences. As such, there is the dilemma of 
building new developments on existing agri-
culture lands or redeveloping existing unuti-
lized or underutilized properties (Bren 
d’Amour et al., 2017). The transformation of 
nonurban landscapes also poses significant 
challenges for reducing the rate of biodiver-
sity loss and related ecosystem functionality 
(Güneralp et  al., 2017). These interlinks 
between components create a complex frame-
work for understanding the development of 
cities.

Cities define societies. We were used to think-
ing of cities with clear boundaries, with suburbs 
far from central regions, with industrial parks far 
from residential areas. Towns grow into small cit-
ies and small cities become larger, and some 
larger cities reach the scale of conurbation known 
as megacities. Thus, the world is comprised of 
thousands of cities and towns which, in turn, are 
connected by supply chains, labor, and capital 
and require infrastructure connections (Fig. 3.1). 
In fact, cities are supported by resources coming 
mainly from rural regions located around the 
world far distant from the centers of consump-
tion. Therefore, the sustainability of a city can no 
longer be considered in isolation from the sus-
tainability of human and natural resources it uses 
from proximal or distant regions, or the com-
bined resource use and impacts of cities globally 
(Seitzinger et al., 2012).

Every city is connected to its rural hinterland 
in complex ways. The production of energy 
requires water, while the supply of water requires 
energy, and the production of food requires both 

water and energy (Hoff, 2011; Bazilian et  al., 
2011; Howells et al., 2013). Within city boundar-
ies, the cross-sectoral WEF interactions are 
expected to occur in all cities, although variations 
in magnitudes exist (Haase et  al., 2017; SEI, 
2018; Newell et  al., 2019). Cities are almost 
entirely dependent on surrounding (or global) 
hinterlands for WEF to sustain urban population 
and activities. Beyond city boundaries, we have 
transboundary effects that should be addressed 
by regional policies. However, these effects are 
not only limited to neighboring cities. The con-
cept of land teleconnections (changes that corre-
late over large geographic distances) applies 
precisely to the processes that intertwine land use 
and urbanization, connecting places through their 
processes and depicting changes in nonurban 
places that affect urban places and vice versa 
(Seto et al., 2012). The urban pull for resources 
results in tension with neighboring communities 
and with the development of megacities, 
unwanted environmental impacts arise, espe-
cially climate change. In this context, the devel-
opment of a global system of cities that develop 
sustainable processes and policies together with 
nonurban areas becomes fundamental. Therefore, 
a better understanding of the connection potential 
between cities and rural areas could increase 
capacities to make changes and foster gover-
nance on a global scale, thus increasing the WEF 
securities (Seitzinger et al., 2012).

Indeed, population growth, consumption pat-
terns, and rapid urbanization have been taking 
their toll on the natural resources that support our 
living conditions. The resultant effect of this 
growth has increased the demand for different 
kinds of energy, such as for generating electricity, 
transportation, and heating. Water quality and 
quantity challenges, for example, have typically 
been met with the addition of more gray infra-
structure, such as reservoirs and conventional 
treatment plants, which require more energy and 
materials for their construction. Thus, some of 
humanity’s biggest concerns, such as energy and 
water provision, poverty, hunger, and climate 
change, are, in some way, city problems. 
Improving WEF nexus in cities can be an alterna-
tive to mitigate some of the increasing demand 
for resources.
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Fig. 3.1 Local, regional, and global impacts from infra-
structure. Site-specific actions for more sustainable WEF 
provision (inner circle). Municipal infrastructure (within a 
city, light green) and its transboundary effects on other 
infrastructure, ecosystems, and regions. Governance: 

Moving from the inner to the outer circle increases the 
number of stakeholders and complexity and scope of the 
potential benefits. (Adapted from Suzuki et  al. (2010), 
Ramaswami et al. (2016), and Bellezoni et al. (2021))

In this chapter, we present some challenges 
that rapid urbanization imposes on cities. We 
seek to bring together various elements affect-
ing WEF systems into a holistic framework to 
support multilevel, multi-sectoral, and multi- 
stakeholder system approaches to cities, high-
lighting their role in tackling climate change. 
The aim of this chapter is to present more 
details on how the concepts of the WEF nexus 
approach can benefit the integrated planning 
of greener and smarter cities in promoting 
synergies and identifying trade-offs in the 
demand and supply of scarce resources. Thus, 
it highlights what cities can do to become 

increasingly sustainable and responsible for a 
global shift toward sustainability.

3.2  Interlinkages Between 
Urban Water, Energy, 
and Food Systems

Cities have three different systems for water, energy, 
and food, which are not often explicitly connected. 
Their governance can also be disconnected from 
the city governance system. The WEFN approach 
tries to analyze those systems in a more holistic 
way and finds ways to connect them.
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3.2.1  Water System

Cities are often characterized by unsustainable 
patterns of consumption and production, which 
contributes to environmental degradation. The 
actual rate of urbanization is exerting pressure on 
fresh water supplies, landscapes, food systems, 
energy commodities, the living environment, and 
public health. Many cities rely on supplies that 
lack resilience to seasonal weather patterns and/
or the future impacts of climate change (ADB, 
2012; FAO, 2020). Drought is probably one of 
the most severe existential threats that cities face. 
It can have many effects in urban areas, including 
increases in water shortages, electricity short-
ages, water-related diseases, and food prices and 
food insecurity from reduced supplies (UCCRN, 
2018).

Water crises are also drivers of other risks. 
Perhaps most prominent are the impacts of water 
on food security. For instance, agricultural pro-
duction is responsible, on average, for around 
70% of surface and groundwater withdrawals 
globally and 90% on average in water-scarce 
basins (FAO, 2017a; TWB, 2020). Water scarcity 
may contribute to negative economic impacts and 
increased rural to urban migration and is identi-
fied by the World Economic Forum (2016) as the 
risk of greatest concern to the global economy in 
the coming years. And water scarcity is exacer-
bated by pollution. Urban planning failures result 
in waste(water) reaching water bodies, often used 
for city water supply. In addition to impacting 
ecosystems and their associated biodiversity, it 
also harms human health and increases the 
demand for energy for water treatment. The 
effects of these water challenges are already in 
stark display. And so are food resources.

3.2.2  Food System

Urbanization affects every aspect of our food sys-
tems, from the way food is produced and priced, 
to the way it is processed, consumed, recycled, 
and wasted (Seto & Ramankutty, 2016). Food 
chains require lots of water and energy inputs for 
production, being one of the largest sectors in 

terms of consumption-based GHG emissions per 
capita (FAO, 2019). In urban areas, dwellers con-
sume up to 70% of the food supply, even in coun-
tries with large rural populations (FAO, 2017b). 
Of course, where most resources are consumed is 
also where most waste is concentrated. About 
30% of all food produced for human consump-
tion is lost (FAO, 2011). Food waste comprises 
more than 50% of all municipal waste, which is 
commonly the single highest budget for most 
local administrations (Silpa et  al., 2018). 
However, there are limited efforts for boosting 
composting capacity in cities. Nevertheless, 
many cities are innovating in waste management 
and composting (Puppim de Oliveira, 2017), and 
cities are exchanging composting experiences 
among themselves (Kurniawan et  al., 2013). 
There is a need to upgrade the circularity of the 
organic waste sector, particularly in places that 
have high costs in waste management (Paes et al., 
2021). Reduction in food waste also means 
reduction in GHG emissions (Paes et al., 2020), 
as cities have immense potential for climate co- 
benefits and energy can be recovered from waste 
(Doll & Puppim de Oliveira, 2017).

More efficient management of food systems 
is, therefore, not only strategic from an environ-
mental point of view due to high water and energy 
consumption and associated emissions. 
Achieving food security in an era of rapid urban-
ization will require considerably more under-
standing about how urban and food systems are 
intertwined (Seto & Ramankutty, 2016). Thus, 
food production and consumption are crucial for 
the sustainable socioeconomic development of 
cities and peri-urban areas. In low-income coun-
tries, food expenditure in cities may be as high as 
two-third of the total household expenditure, 
while agro-industry accounts for more than 50% 
of value added in manufacturing (Crush & 
Frayne, 2011; FAO, 2017b). And for each type of 
food, there are different production requirements. 
The produce can be organic, without the use of 
fertilizers, or it can come from a monoculture 
with major land use requirements with landscape 
impacts. They can be fast food or come from the 
wet market. For each type of food, there is a 
related environmental, social, and economic 
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impact, with different effects on WEF systems. 
Fresh and healthier organic products, produced 
on a smaller scale are, for example, more expen-
sive. Fast food is more convenient, accessible, 
and cheaper. Therefore, the access, price, and 
choice of food also have direct effects on both 
human diets and health, and the search for solu-
tions to the WEFN also demands reflections on 
the quality of food and health prevention.

Providing cities with high-quality food today 
and tomorrow is critical. Cities are increasingly 
more important actors in terms of eradicating 
hunger also because all forms of malnutrition are 
presented in cities. In cities we have both hunger, 
extreme hunger, obesity, and overweight. In the 
last three decades, the worldwide incidence of 
obesity has steadily increased. Today more than 2 
billion adults are either overweight or obese 
(GNR, 2018); in urban areas, this is evidenced by 
an increasing number of overweight and obese 
pregnant women (Chen et al., 2018). Thus social, 
economic, and environmental sustainability of 
food systems and the evolution of urban diets will 
be largely dependent on the management of food 
systems in urban and peri-urban areas. Moreover, 
bringing food production closer to the consump-
tion hubs, i.e., cities, can also avoid energy con-
sumption, pollution, and GHG emissions as more 
local production will require less transportation 
and refrigeration.

3.2.3  Energy System

Another key issue driving GHG gases in cities is 
energy, which is used in the water and food sec-
tor. Today’s food system is built upon refrigera-
tion. Refrigeration dependency is the result of 
several socioeconomic and technological devel-
opments. The more lifestyle habits change toward 
a more modern, technological, and practical soci-
ety, the greater the changes in the diet of popula-
tions, especially urban ones. This shift toward 
urban living is changing our relationship with 
food. Higher household incomes and less time to 
shop for food and cooking at home tend to 
increase the consumption of fast food, street 
food, processed and frozen meals, and for foods 

not locally produced. This boosted the develop-
ment of supermarkets, house refrigeration, and 
cold storage facilities. These facilities are the 
prime infrastructural component for perishables 
such as fruits, vegetables, fish, and meat. Besides 
the role of stabilizing market prices and evenly 
distributing both on-demand and time bases, the 
cold storage industry renders other advantages 
and benefits to both farmers and consumers. 
Again, there is no modern life without increased 
consumption of energy, especially electricity.

The energy use for space cooling in residential 
and commercial buildings worldwide has more 
than tripled between 1990 and 2016 (GCCA, 
2019). Just refrigerated storage can account for 
up to 10% of the total carbon footprint for some 
products when considering electricity inputs, the 
manufacturing of cooling equipment, and emis-
sions from lost refrigerants. Electricity for space 
cooling is growing faster than for any other end 
use in buildings, and this demand is expected to 
triple by 2050 (IEA, 2018). And this is not only 
because temperatures are rising but also because 
people’s incomes are growing, especially in hot-
test countries. Take the cases of China, India, and 
Indonesia, some of the countries most affected by 
climate change. Projections are that they will 
account for half of all the growth in energy con-
sumption for cooling over the next 30 years (IEA, 
2018, 2020).

However, the local socioeconomic and socio-
ecological context of a particular urban area 
should be considered to analyze the urban energy 
sector. Different factors such as demography, cli-
mate, and economics govern electricity usage 
patterns at local levels. Cities require an uninter-
rupted supply of energy for transport, industrial 
and commercial activities, buildings and infra-
structure, water distribution, and food produc-
tion, and one differs from another. In addition, 
urban sprawl, increasing distances between desti-
nations, and inefficient public transport systems 
prompt overall reliance on private motorized 
transport, which has a high-energy consumption, 
mostly of petroleum products. Urban form and 
distances from rural areas also affect the way 
food is transported and consumed. The agro- 
industrial production of ultra-processed foods 
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requires long distances for transportation, with 
consequent fossil fuel consumption and GHG 
emissions, mainly related to the demands of the 
cold chain. In this regard, urban agriculture advo-
cates argue that some energy can be saved from 
the avoided food mileage, as well as from avoided 
packaging and cooling activities, when food is 
produced locally.

The fast-paced metabolism of cities is putting 
pressure on limited energy which has an annual 
demand growth of around 7% in developing 
countries, while the supply remains stable 
(UN-HABITAT, 2021). Hence a mismatch 
between the supply and demand and frequent 
power rationing in cities. An additional problem 
to the equation. Although a large share of global 
energy consumption is centered in cities, energy 
accounting systems remain predominantly con-
centrated at the national and regional scales 
(Grubler et  al., 2012;  Chowdhury et  al., 2020). 
This lack of energy statistics at the urban level 
severely hinders planning processes and reliable 
decision-making.

WEF systems are, therefore, fully intertwined 
and interdependent. Impacts on one resource, 
whether from the demand or supply side, affect 
all the others and, hence, the entire production or 
consumption chain. The collection, treatment, 
and distribution of water use energy, and reser-
voirs are usually located far from urban centers, 
requiring a lot of energy for pumping. The pro-
duction of energy requires large amounts of 
water. Usually, power plants are installed close to 
the consuming center or to the resource source. 
Therefore, some water or energy will be lost dur-
ing the transportation steps. Food production 
requires a lot of land and water and is part of the 
peri-urban landscape. Energy is essential for irri-
gation, fertilizer production, transportation, and 
food storage. All of these steps emit large 
amounts of CO2 each. Although cities are not 
characterized as producing regions for WEF 
resources, they are where much of the demand is 
concentrated.

Therefore, urban problems will not be solved 
unless urban institutions and governance begin to 
commit resources to technical assessments of the 
cities’ needs and potential, with a focus on devel-

oping strategic plans that improve access to 
essential resources, through the redesign of 
blocks, streets, and public services aimed at 
lower water and energy consumption and with 
potential for food production within cities them-
selves. From an integrated analysis of WEF sys-
tems, opportunities may arise for reducing 
external dependence on resources, as well as con-
tributing to more sustainable local actions that 
can have impacts on broader scales.

3.3  Urban Water-Energy-Food 
Nexus and the Sustainable 
Development Goals

WEF resources are crucial for socioeconomic 
development particularly in urban areas, as they 
import most of the WEF. Thus, the WEF systems, 
and the nexus among them, are fundamental to 
determining the Sustainable Development Goals 
(SDGs) in cities. How the urban WEF is gov-
erned affects the well-being of the population. 
Thus, urban dwellers, particularly decision- 
makers in cities, should be concerned about the 
governance of those resources, and this gover-
nance can boost WEFN to avoid present and 
future risks of scarcity. The lack of proper man-
agement of WEF systems may lead to negative 
trade-offs, which are affected by technological 
choices. Conventional sector-specific approaches 
for managing urban WEF miss out on possibili-
ties to address human needs, community priori-
ties, and local, regional, and global resource 
challenges more efficiently. This is also known as 
“silo thinking.”

Take the example of water management, 
which is often conducted without considering the 
other systems involved. Cities share water with 
other users that are located within a single river 
basin. While cities are important users of water, 
for most river basins, they are by no means its 
major consumers, as agriculture is the largest 
water consumer in most countries. As a result, 
security-of-supply issues should always be set in 
the context of the overall river basin, rather than 
in the context of the city in question (Abell et al., 
2017). So, a robust basin-level management is 
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required for those who share water resources. In 
the absence of that, socioeconomic advancement 
in a particular city may be constrained since 
water shortages impact both a city’s level of 
industrial productivity and local production of 
food and energy. Thus, the WEFN functions as a 
shorthand for the links between an urban center’s 
water, energy, and food supplies.

The WEFN concept was firstly proposed in 
the background paper for the Bonn 2011 
Conference, highlighting the “need to secure 
local livelihoods and the human rights to water 
and food” (Hoff, 2011). It provides a frame-
work for cities to understand and tackle the 
challenges that urbanization poses for these 
critical resources while developing resilient 
cities. In short, the logic behind the WEFN is 
that it shifts attention from a one-sector view to 
a more integrated one (Al-Saidi & Elagib, 
2017). However, it is not that easy to imple-
ment in practice because cities usually develop 
themselves without major concerns about 
resource interlinkages and how their gover-
nance can be improved. Cities are organic sys-
tems; they just grow and will usually only 
worry about problems when they become too 
big. The first step to an integrated planning 
would be recognizing that WEF resources are 
interdependent and the city could benefit with 
a better integration among them (Fig.  3.2). 
This small step would already represent an 
important opportunity to provide services to 
human communities and to optimize cities 
toward addressing local, national, and global 
concerns regarding SDGs. However, science 
also lacks a consensus on which approach to 
WEFN is most appropriate (Newell et  al., 
2019; Simpson & Jewitt, 2019). This is because 
each specific situation requires an understand-
ing of its conditioning factors. Thus, there is no 
one- size- fits-all solution. Each city has its own 
challenges, resources, limitations, characteris-
tics, technology, fears, concerns, perils, politi-
cal will, and potentials.

Therefore, cities will have to better plan their 
future, or they risk failing in securing WEF in the 
medium and long term. Their inhabitants and 
governments have the power to do this. For 

instance, when the USA pulled out of the Paris 
Climate Agreement, several American cities dou-
bled down on their climate commitments. Cities 
can play a key role in adopting integrated 
approaches for managing water, energy, and food 
systems. However, few cities have full control of 
the WEF resources. Advancing WEFN is not so 
much about the individual projects, as it is about 
linking and evaluating the activities through sys-
temic and interconnected implications. It creates 
a framework for valuing trade-offs and making 
informed decisions about achieving multiple 
benefits for WEF services.

Thus, sustainable initiatives aimed at adapta-
tion and mitigation of the impacts of climate 
change must begin in the urban environment and 
involve people at smaller scales. Many cities are 
leading the way in changing attitudes toward this, 
proving to be part of the solution and not just the 
problem. So far, we have highlighted how 
 fundamental cities are to the world we are build-
ing for tomorrow. And how important they are for 
planning water, energy, and food systems. Next, 
we will present how integrated urban planning, 
ecological approaches, digital tools, and political 
will can be intertwined to make cities a better 
place.

3.4  Approaches to Address WEF 
Nexus in Cities

Cities can act in improving WEFN, but there is 
much more of it, especially in the Global South, 
which are more vulnerable to WEF constraints. A 
recent study from OECD (2020) shows that a 
number of governments are using the post- 
COVID- 19 measures to roll back existing envi-
ronmental regulations and taxes and increase 
fossil fuel-intensive infrastructure and electricity. 
This would reinforce perhaps even more unsus-
tainable development paths. Despite that, we still 
have a golden opportunity to start designing prin-
ciples of resilience into our cities (Fig.  3.3). In 
the last decades, many approaches have allowed 
cities to govern their resources and be more sus-
tainable in their use and consequently reduce 
their impacts on climate change.
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Fig. 3.2 Water-energy-food nexus approach. Integrating 
policies for WEF can promote more efficient infrastruc-
ture and improve resource supply security by identifying 

synergies between systems in contribution to more sus-
tainable cities. (Adapted from Hoff (2011), Bazilian 
(2011), and UN-ESCAP (2019))

Policy and governance should focus on 
providing and innovating basic infrastructure 
for all, planning based on urban form and 
identifying multisector synergies for 
resource efficiency. Self-sufficiency of cities 
can be stimulated by the use of new technol-
ogies and concepts of the circular economy 
and energy transition, which can benefit 
local green finance mechanisms. Reductions 
in inequality and increased social participa-
tion can encourage fundamental community 
processes toward more sustainable cities, 
through dynamic multisector urban improve-
ments. Some of these approaches will be dis-
cussed in more detail below, from the 
perspective of what cities can do to enhance 
WEFN as a sustainable development 
strategy.

3.4.1  Integrated WEF Planning 
Supported by Ecosystem- 
Based Approaches

Policies developed for one goal inadvertently 
influence design solutions in unforeseen areas. 
This silo thinking is increasingly pushing WEF 
systems into major problems. The existing WEF- 
related policies settings are typified by a narrow 
sectoral, issue-specific, and fragmented view-
point. These isolated policies are therefore inca-
pable of addressing long-term WEF challenges 
facing cities and countries, especially for future 
infrastructure and more severe climate change. 
To overcome these shortcomings and to provide 
meaningful insights into policy issues, research-
ers have been developing analytical frameworks 
that integrate the technical, economic, and social 
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Fig. 3.3 Transition to smart and resilient cities. A green 
recovery will significantly enhance the resilience of econ-
omies and cities in the face of both the severe recession 

and accelerating environmental challenges. (Adapted 
from UN-ESCAP (2019) and IEED (2020))

dimensions of WEF policies (Newell et al., 2019; 
Simpson & Jewitt, 2019). For this to happen at 
the city level, knowledge of urban morphology, 
combined with temporal and spatial cross- 
sectoral infrastructure data, is essential.

Indeed, numerous data sets, from census data 
to aerial and satellite photographs and remote 
sensing information, are being integrated to 
enable planners to characterize urban form. 
However, regardless of the tool or methodology 
used, the most important change in WEF policy 
approach resides in integrating different policies 
with distinct objectives into a single more 
embracing and local-specific WEFN policy. The 
sustainable management of resources implies 
action at various levels; national management 
requires resource-use planning policies that con-
sider WEF use and its social, environmental, and 
economic impacts from an integrated standpoint. 
Therefore, greater coherence between policies 
related to water, energy, food, land use, waste, 
and emissions is needed at local, regional, and 
national levels to improve the sustainability of 

WEF. In addition, these policies should consider 
integration of different government levels. The 
big question therefore is how to integrate these 
issues into a comprehensive framework. From a 
broad review of WEFN projects worldwide, Endo 
et al. (2017) have pointed that developing meth-
ods to integrate interdisciplinary, multi-sectoral, 
and multidimensional research results is essential 
to analyze and understand interrelationships and 
trade-offs among WEF.  Therefore, the WEFN 
approach itself may be used as tools for decision- 
makers to collectively address economic, social, 
environmental, and energy goals.

In fact, employing an integrated approach 
increases the complexity of solutions but is the 
only way to make real progress toward meeting 
multiple objectives. Greater integration between 
WEF demand and supply should also be explored. 
Overall, infrastructure projects are predominately 
of a supply nature, i.e., they are focused on the 
supply of a service rather than a reduction in the 
demand for a service. This may encourage exces-
sive use rather than efficient use of services, 
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which is counter to SDGs. Therefore, efficiency 
and conservation should be assessed before 
supply- side investments.

Considering that climate change will amplify 
the challenges in balancing elements of the 
WEFN, the expected increase in demands for 
WEF will put more pressure on governments, 
since the environmental impacts estimated from 
integrated policy scenarios may be higher than 
those from sector-driven approaches. Thus, local 
governments should use WEFN concepts to 
develop shared long-term planning frameworks 
and tools for achieving SDGs and managing risk 
for greater resilience. Cities can use the WEFN 
approach to create a transdisciplinary platform, 
with integrated design teams using participatory 
WEFN frameworks. At every stage, a shared 
WEF framework would help communicate and 
work together in a coordinated fashion, reducing 
efforts to micromanage city departments and 
stakeholders involved in different project stages.

Infrastructure such as WEF, ideally, should 
be integrated managed through participatory 
and ecosystem-based approaches. The smart 
city approach can be an asset in fostering these 
approaches to overcome urban challenges. 
Smart cities are systems of people interacting 
and using energy, materials, services, and 
finance to catalyze economic development and 
improved quality of life (Albino et al., 2015). It 
is based on the concept of a creative and sustain-
able city, which makes use of technology in its 
planning process with citizen participation. Its 
concepts are in line with the growing recogni-
tion that cities are now on the front lines in man-
aging change and leading an integrated 
approach. Smart cities are the future of cities 
that is happening now, and they are key to better 
management of urban WEF systems (Alzaabi 
et al,. 2019; Sukhwani et al., 2020).

Innovative cities have demonstrated that, sup-
ported by the appropriate strategic approach, they 
may greatly enhance WEF resource efficiency by 
realizing the same value from a much smaller and 
renewable resource base, while decreasing pollu-
tion and waste (Covarrubias, 2019). Cities also 
need to know how to build resiliently but in a sus-
tainable, fair, equitable and inclusive way. As the 

switch to home working makes us balk at the 
back-and-forth of commuting, smart cities are 
emerging. Modern cities must be designed or 
redesigned so that access to work, housing, food, 
health, education, culture, and leisure is co- 
located and accessible by multiple modes, not 
just motor vehicles. Having destinations and ori-
gins within walking distance is ideal although not 
always achievable. Thus, smart cities integrate 
planning, local production, social participation, 
technologies, reduced resource demand, nature- 
based solutions, green finance, and tackling cli-
mate change.

The ideas behind these “cities of the future” 
concepts go toward reducing the number of cars 
on the streets, the need for public transportation, 
traveling long distances to work, using bicycles, 
and walking outdoors while enjoying interactions 
with people and local businesses, where everyone 
naturally contributes to reducing WEF consump-
tion. It is a win-win situation. Some examples of 
retrofitting cities into smart cities include imple-
menting end-use efficiency in the energy and 
water sector; reducing, reusing, and recycling 
waste; and adapting existing transportation infra-
structure to more efficient uses (e.g., routes for 
bus rapid transit and lanes for bicycles). In fact, 
poorly planned cities represent a constant drain 
on resources, and the implementation of inte-
grated planning with smart city concepts can 
bring many advantages for the joint sustainability 
of WEF systems (UN-HABITAT, 2021).

While the best design for each city is case- 
specific, smart city development can contribute to 
the strategic use of infrastructure resources with 
urban planning and management to meet the 
social, environmental, and economic needs of 
society. Due to more planning and information 
about demand and supply of services and the 
needs of people and businesses, governments and 
society will have better conditions to define sus-
tainable strategies for WEF systems. Dwellers 
are increasingly willing to pay to live and work in 
suburbs with more green infrastructure, with 
green actions and social activities, with less 
inequality, and more social and environmental 
responsibility (Zalejska-Jonsson et  al., 2020; 
Ando et al., 2020).
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Aware of this and concerned about the increas-
ing WEF demands, many cities across the world 
have been deploying engineering projects for 
providing ecosystem services such as rainwater 
harvesting and flood mitigation, local microcli-
mate control, air purification and CO2 storage, 
and wastewater treatment, among others. These 
built structures are called green and blue infra-
structure (GBI) or nature-based solutions (NbS). 
GBI refers to the city’s naturescape, i.e., the mix 
of trees, gardens, green roofs, living walls, park-
land, squares, and reserves (Haase et  al., 2014; 
Andersson et  al., 2014; Pitman et  al., 2015). 
Ultimately, NbS are essential for providing urban 
ecosystem services to urban dwellers and is 
closed linked to the provision of resources in 
urban territories. These infrastructures are com-
ponents of the ecosystem-based adaptation (EbA) 
approach, which entails incorporating biodiver-
sity and eco-services into the broader adaptation 
strategy to mitigate climate change effects 
(Chong, 2014). EbA has the immense potential to 
contribute to the developmental and environmen-
tal goals at local, national, and global levels. Its 
practices aim to achieve balanced and secure sys-
tems that maximize potential synergies and 
reduce potential conflicts, providing multiple 
benefits and a wide range of cost-effective appli-
cations in different landscapes (Nguyen et  al., 
2017; Muthee et al., 2021).

Historically, wealthy nations have been 
investing in gray infrastructure1 to reduce 
flooding and water security risks, while less 
developed nations unable to afford expensive 
engineering solutions remain at high risk 
(Abell et  al., 2017). This seems like a clear 
opportunity for developing countries, but NbS 
also need knowledge, political will, and invest-
ment. Indeed, there have been many cities in 
developing countries introducing innovative 
approaches to GBI (Macedo et al., 2021). With 
a combination of growing water demand for 
agriculture, energy production, domestic and 
industrial use, and decreased water reliability 
due to climate change, even developed coun-

1 Conventional infrastructure. It refers to structures such as 
dams, seawalls, roads, pipes or water treatment plants, etc.

tries may find that gray solutions alone are 
insufficient (IEA, 2020). Sustainable water, 
energy, and food security will require, there-
fore, an integration of traditional engineering 
with NbS, given their potential to provide local 
resources to urban territories.

Indeed, the mosaic of land uses in and around 
cities includes both the built and natural environ-
ment. More recently, open-space design has 
incorporated principles of ecosystem planning 
and biodiversity conservation, including spaces 
for the growing of food crops, tree crops, and 
small or even vertical farms. In addition to food 
production, urban agriculture initiatives reduce 
food mileage by saving energy and emissions at 
the storage and transport stages (Martin-Moreau 
& Ménascé, 2019). They also encourage the con-
sumption of fresh, healthier food, generating jobs 
and boosting the local economy. Urban areas pro-
vide a range of benefits to sustain and improve 
human livelihood and the quality of life through 
urban ecosystem services, with direct and indi-
rect contributions from ecosystems to human 
well-being. These contributions are framed in 
terms of “what ecosystems do” for people 
(Haines-Young & Potschin, 2018).

On the other hand, it takes a lot of blue to 
stay green. GBI can also produce ecosystem 
disservices, defined as functions of ecosystems 
that are perceived as negative for human well-
being (Lyytimäki & Sipilä, 2009; Gómez-
Baggethun et  al., 2013). Some concerns are 
related to water and energy security (increased 
demand), waste and food safety (contamination 
from sewage usage, water contamination from 
pesticides), health (mosquito-borne diseases 
proliferation), and others (Bellezoni et  al., 
2021). These trade- offs, therefore, need to be 
understood and evaluated through an integrated 
framework within a local context and with a 
variety of stakeholders (Haase et  al., 2014, 
2017, Kremer et al., 2016). Thus, the manage-
ment of urban GBI must be connected to the 
socioecological dynamics of each location, 
with their cultural, economic, and political 
specificities jointly guiding the development of 
a goal-based ecosystem-based-WEFN frame-
work (Bellezoni et al., 2021).
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3.4.2  Bottom-Up Decision- Making 
Through Participatory 
Planning

Cities are multicultural. They should be partici-
patory, promote civic engagement, and engender 
a sense of belonging and ownership. According 
to the New Urban Agenda (UN, 2017), cities of 
tomorrow should provide universal access to 
water and sanitation, as well as equal access to 
public goods and quality services in areas such as 
food security, health, education, infrastructure, 
and livelihoods. Thus, if the population in cities 
want to change things, they will have to find their 
political voice, a voice that is participative, 
diverse, and collective. And urban governance 
plays a key role in promoting greater representa-
tiveness, popular participation in planning and 
decision-making, and bottom-up policy design 
(Fig.  3.4). City governments have a prominent 
role in overseeing urban WEF systems. They 
need the power to be able to issue debt, to raise 
taxes, to zone effectively, and to build affordable 
housing, but they also need top-down support 
through enabling policies, capacity provision, 
and funding schemes.

Participation can strengthen public policy pro-
cess by bringing resources, ideas, and legitimacy 
to solve local issues (Puppim de Oliveira, 2005). 
Participation could also help to strengthen the 
transdisciplinary nature of WEFN. Participatory 
process could bring diversity of solutions to WEF 
problems and maximize urban sustainable poten-

tialities, by bringing new voices to the decision- 
making process. Importantly, public participation 
can legitimate and integrate social practices and 
creativity to find solutions to WEF problems.

And because cities play a key role in people’s 
lives and countries’ economies, they grow not only 
in size and complexity but also in organization, 
within and between cities. There are hundreds of 
inner-city coalitions in the world today. Just take a 
look at ICLEI (Local Governments for 
Sustainability), a large network that brings together 
thousands of people in thousands of member cities 
to contribute to urban gardens, clean water, waste 
management, and renewable energy.2 Or look at the 
World Economic Forum, which is developing smart 
city and net-zero carbon cities protocols.3 Or the 
C40 initiative, which is taking bold climate action, 
leading the way toward a healthier and more sus-
tainable future.4 City networks are the movements 
of the future. They are all showing the world that 
cities can and must work together to amplify their 
voice, not only nationally but also globally. Cities 
need a revolution that is up to their standards that 
demands the renegotiation of agreements in an 
independent way, acting as a nation-state, defending 
the interests of millions of inhabitants, and shaping 
policies and initiatives from the bottom- up. Many 

2 See more at https://iclei.org
3 Visit https://www.weforum.org/projects/smart-cities-
centre-of-emerging-technologies, https://www.weforum.
org/projects/systemic-efficiency
4 Visit https://www.c40.org

Fig. 3.4 Integration of bottom-up and top-down perspec-
tives. Bottom-up actions are those that begin at the most 
local level: the city or its neighborhoods and buildings. 
Top-down support increases the capacity of cities to solve 

their own problems by providing them with policies, tar-
gets, financial mechanisms, etc. (Adapted from Suzuki 
et al. (2010) and Homsy et al. (2019))
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countries are smaller than megacities, and we need 
to understand and accept this new reality.

If we want to change what our cities look like 
and how they negotiate, then we have to change 
the decision-making processes that have given us 
the results that we have witnessed. Citizens have 
a key role, as they have the ability to change 
behaviors and patterns of consuming WEF.  In 
most cases, it is ultimately individual consumers 
who decide what food they buy. In some cities, 
the choice to buy only renewable electricity is a 
reality. The role of citizens is also different 
depending on region and often income, with 
globally wealthier cities tending to have greater 
supply of and access to fundamental resources. 
Socioeconomic disparities often shape exposure 
to various risk factors, bringing effects on the 
quality of life and health of the population 
(Ramaswami et al., 2016). Therefore, addressing 
these diverse social, environmental, and infra-
structural risk factors represents a new paradigm 
for urban public services. In this context, many 
studies argue that participation should actively 
involve citizens in the transformation of their 
neighborhood, having substantial effects on WEF 
systems (Ramaswami et al., 2016; Haldane et al., 
2019; IEED, 2020).

Participatory approaches should, therefore, 
be emphasized to promote better connection 
with and among decision-makers for WEF poli-
cies. This contributes directly to the develop-
ment of institutional, political, and community 
capabilities that are fundamental for knowledge 
transfer on issues that require participation of 
groups with different interests. For instance, 
ICLEI has been developing toolkits together 
with stakeholders to enable local governments to 
assess their climate risks in the context of urban-
ization, poverty, and vulnerability to formulate 
corresponding resilience strategies.5 Thus, from 
more inclusive discussions, possibilities for con-
flict resolution and win-win situations may arise. 
Complementary perspectives for WEF-integrated 
planning can contribute to the identification of 
trade-offs and synergies, highlighting the impor-
tance of local actions and policies (bottom-up) 

5 Visit http://southasia.iclei.org/resources/tools.html

focused on local potentials (and demands) to 
inform the planning of supply on a larger scale 
(top-down).

3.4.3  Energy and Circular Economy 
Transitions Toward Urban 
Sustainability Using New 
Technologies

As large consumers, cities also discard huge 
amounts of material that, in a way, could be better 
used in the activities that power cities, especially 
through industrial symbiosis. Think of materials 
not as problems or waste for disposal, but as 
resources and energy, as opportunities. Cities 
might benefit from a transition toward a circular 
economy that uses renewable resources and 
designs cyclical and efficient systems for provi-
sioning WEF. The circular economy is a rapidly 
maturing concept that is already seeing real- 
world applications (Winans et al., 2017; Bjørnbet 
et al., 2021; Kee et al., 2021).

Solid waste management represents a great 
opportunity for circular economy. First, cities 
should follow the well-known waste hierarchy: 
reduce, reuse, recycle, recover, and dispose. The 
first three are better developed in the global south. 
However, recover and dispose options are really 
underdeveloped degree. For instance, incinera-
tion is a nonstarter in developing countries mainly 
due to wet organic nature of waste and high 
investment costs. Because of this, composting 
and biogas are now emerging as viable solutions 
in the global south. From the application of the 
very first step, cities would be realizing circular 
economy through any kind of public awareness 
campaign to enable waste reduction and segrega-
tion and to come to a preferred waste strategy. 
Waste segregation can be done at source, and wet 
waste can be disposed through small-scale com-
posting boxes or neighborhood-level biogas 
plants. Waste can also be taken to a composting 
yard based near local fresh markets. Household 
slurry can be disposed in household gardens, pro-
moted by schemes for the promotion of medicine 
and kitchen gardens. Such activities may be asso-
ciated with the promotion of GBI by bottom-up 
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initiatives at the household and neighborhood 
scales.

Decentralizing waste management saves 
energy, water, land, and emissions and reduces 
material waste. Thus, curbing food and water 
waste will therefore contribute to lowering over-
all energy use. Cities can further reduce their 
energy consumption by promoting urban agricul-
ture, such as rooftop farming (it is estimated that 
30% of urban spaces could be covered) 
(UN-HABITAT, 2021). Many urban areas are 
now producing over 20% of their vegetable needs 
from within city boundaries (Walters & Midden, 
2018). Consumption habits need to change, and 
residents should be encouraged to produce their 
own food. The food supply chain must be short-
ened, with a focus on adapting supply channels to 
redistribute surplus food and reduce food waste 
(C40, 2019). From the governance side, cities 
need to ensure that industries pool their resources 
to create synergy effects. This can be achieved by 
establishing eco-industrial parks, where waste 
and by-products of one industry serve as the raw 
material of another, thereby improving material 
and energy efficiency and reducing externalities. 
From an economic perspective, this would also 
make companies more competitive, as better 
water/energy/waste management results in cost 
savings and higher environmental and business 
performance. In developing countries, gover-
nance of urban agriculture (UA) is important to 
address the challenges UA face with the growth 
of the urban areas, as most of UA is informal and 
lack protections in terms of land tenure (Puppim 
de Olveira & Ahmed, 2021).

Circular economy is well suited to dealing 
with issues of material supply risks, which are 
particularly pertinent to the energy transition 
through renewable energies. For instance, the 
currently applied treatment of industrial waste-
water in Belgium has a high CO2 footprint. The 
European Biogas Association has mapped the 
opportunities for producing biogas from indus-
trial wastewaters from the pulp and paper, biofu-
els, and food beverage sectors. Results show that 
biogas has a high potential to mitigate methane 
emissions from wastewater while at the same 
time providing a huge potential source of renew-

able energy (The Digest, 2021). This would 
reduce energy consumption at wastewater treat-
ment installations, provide a solution for the 
management of sludge, and create additional 
green jobs. When producing renewable gas from 
industrial wastewater, emissions are saved in dif-
ferent ways. First, due to the reduced energy con-
sumption in wastewater treatment installations. 
Second, by the replacement of fossil energy 
sources. Last, by bringing the wastewater in a 
closed and controlled environment, preventing 
methane releases.

The strong connection between circular econ-
omy and energy transition based on previously 
available renewable resources is therefore clear. 
It is interesting to note that these are not top- 
down initiatives, but rather were taken from the 
bottom up by stakeholders, with a focus on site- 
specific potentialities. Clearly, the political, fis-
cal, and regulatory environments need to be in 
place for both energy and circular economy tran-
sitions to occur. Cities therefore need to shift 
from the current unsustainable development 
toward using renewable energy sources, not only 
because of looming resource depletion but also to 
curb the negative externalities. Sustainable urban 
WEF systems will need low-carbon technologies 
on the supply side and efficient distribution infra-
structure as well as lowered consumption on the 
end-user side through WEF “saving techniques.”

Buildings have huge water and energy savings 
potential if they embrace green or low-energy 
concepts, especially when coupled with 
GBI.  Savings can be made by integrating effi-
cient heating, cooling, insulation, lighting, and 
water distribution systems in buildings, increas-
ing systems’ overall efficiency. Likewise, on-site 
alternative energy sources such as rooftop solar 
panels can supplement power from the grid. The 
use of recycled, reused, or low-energy building 
materials also contribute to a better energy bal-
ance. Similarly, powerlines also need to be 
improved, calling for a new electrical grid.

Smart grids have been developed to avoid 
energy losses and improve efficiency in the pro-
duction, transmission, distribution, and consump-
tion of electricity. Smart grids harmonize supply 
and demand, providing a solution for the inter-
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mittent power supply by helping to balance vari-
able power generation and end-user needs 
(Khuffash, 2018). Smart electronic meters are at 
the heart of the system, allowing consumers to 
track their consumption in real time (Zhang & Li, 
2020). Smart grids can be paired with smart 
appliances or even a whole smart building, which 
respond to varying electricity supply and prices. 
Households, offices, and factories can program 
smart meters to operate certain appliances when 
power supplies are plentiful and cheaper. Once 
connected to a smart grid, consumers are able to 
move from being recipients of energy to being 
small producers (or prosumers), thus promoting 
greater connectivity with renewables. Another 
advantage of smart grids is that they help utilities 
map the consumption characteristics of custom-
ers, facilitating system planning to a smarter 
energy transition.

There are numerous opportunities to rethink 
the use of information technology in promoting 
sustainability not only for the energy sector but 
also to provide inclusion, credibility, transpar-
ency, traceability, and compliance in the use of 
natural or financial resources by cities. And this 
will ultimately affect WEF systems. Digitalization 
is the way to connect millions of decentralized 
initiatives in megacities, contributing to greater 
consumer freedom, tariff fairness, land zoning, 
natural resource management, resource alloca-
tion, etc. Decisions of this sort can really impact 
the global problems that manifest themselves in 
cities. On the other hand, many city governments 
have been effective in using technology to turn 
mobiles in every citizen’s hand into a public 
agent that collects data about the city. During the 
COVID-19 pandemic, many authorities used data 
from mobile networks to monitor social distanc-
ing. Studies have been investigating big data to 
understand residents’ behavior regarding the use 
of urban green areas, estimating the ideal dis-
tance people are willing to travel to enjoy nature 
(Zhang & Li, 2020).

Emerging technologies, including the Internet 
of Things (IoT), virtual reality, artificial intelli-
gence, and blockchain, are enabling social 
changes that systematically affect economies, 
values, identities, and possibilities for future gen-

erations. Blockchain involves a decentralized 
global computing database that is intermediary- 
free, immutable, resilient, and public. The block-
chain principle is trust in the system as a whole, 
not in the issuer. It translates many existing pro-
cesses into business, governance, environmental, 
and societal benefits. Blockchain has enormous 
potential applications for sustainable actions and 
green finance for climate change. As only 11% of 
climate funds went to cities (IEED, 2020), there 
is a need to explore innovative mechanisms to 
finance sustainable development and urban 
resilience.

Blockchain technology can provide means for 
higher transparency in terms of climate finance 
flows, ensuring while funding reaches its intended 
recipients and that its impact is tracked. Smart 
contract-based allocation of climate finance can 
assure donors that their contributions are applied 
for their purposes. Multiple studies recognize 
blockchain’s potential to address the present bar-
riers to green finance (CLI, 2018; Marke & 
Sylvester, 2018; Sanderson, 2018). In combina-
tion with IoT sensors, it can reduce transaction 
costs and enhance transparency and the availabil-
ity of credible data, bringing greater reliability to 
investments in urban green projects. Thus, there 
are many ways in which blockchain can support 
the instruments established under the Paris 
Agreement and therefore support the fight against 
climate change.

Cities could benefit the most from the wide-
spread use of these technologies, as most of the 
target projects of green bonds are somehow 
related to them. Cities are learning from each 
other. How to install zero-emission buildings, 
how to implement electric car sharing systems 
and ecosystem-based adaptations for climate 
risk reduction. Just like in London and Paris, 
there are quotas on the number of cars on the 
streets in major Chinese cities. Many young peo-
ple do not even think about driving. This is all 
about behavioral changes, long-term integrated 
planning for infrastructure projects, how to ben-
efit from international schemes by making inclu-
sive, bottom- up decisions that consider local 
characteristics. Transparent and adaptable gov-
ernance arrangements, open to public input and 
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scientific study, will empower cities to learn by 
doing (Ramaswami et  al., 2016). Cities have 
been part of the problem; now they are part of 
the solution. They have the power to make the 
world more sustainable, more equitable, and fair. 
And there will be no equality and sustainability 
in urban centers, no fighting climate change on a 
global scale, without a more integrated and 
humane rethinking of the management of scarce 
WEF resources. Cities should build sufficient 
and accessible public infrastructure and invest in 
smart, inclusive, and sustainable transportation 
networks that allow people to connect physically 
and digitally.

3.5  Final Remarks

This chapter presents some arguments for prog-
ress toward smarter, more resilient cities and the 
role of WEF nexus in this process. To do so, city 
inhabitants and governments need a deep under-
standing of the institutional, financial, political, 
social, and behavioral factors that inhibit the nec-
essary changes. Barriers hindering this transition 
can be explored by researchers aiming to over-
come some difficulties in implementing the pro-
posed suggestions.

Urban areas represent great risks and opportu-
nities for mitigation and adaptation to climate 
change. The emergence of city clusters highlights 
the importance of managing WEF resources, 
essential to their success. Improved information 
about transboundary environmental effects and 
local well-being impacts are critical to unravel 
synergies and trade-offs between local versus 
larger-scale infrastructure networks. Therefore, it 
is critical to understand the flows of key resources 
(physical, technological, cultural, and financial) 
that enable cities to thrive.

Cities must develop with a focus on resilience 
to lessen their dependence on external resources 
and the impacts of extreme weather. Best prac-
tices exist for long-term planning and regional 
growth management, and the emergence of new 
tools for systems analysis and mapping offers 
great potential for WEF-integrated planning. 
There are also effective methods for collaborative 

design and decision-making. Additionally, cre-
ative, practical, and cost-effective solutions 
simultaneously achieve greater benefits than 
business-as-usual initiatives.

With greater community participation, more 
creative design solutions are likely to be achieved 
at local scales. However, part of the challenge in 
cities implementing new projects is ensuring that 
all stakeholders have aligned their existing poli-
cies and programs and are using their strengths to 
support the project goals and strategies. Thus, 
policymakers and authorities need to revise urban 
risk management practices and adopt new types 
of data, collaboration, finance, innovation mod-
els, and decision-making.

Urban governance should also focus on 
international mechanisms for long-term urban 
investments. Many cities are initiating public-
private partnerships and/or special financing 
for smart city development. However, discus-
sions on smart cities focus on high technology, 
disregarding more basic but innovative and 
equitable solutions. In this sense, there is a 
governance paradox with cities in the Global 
South. Cities in emerging economies and 
developing countries are where carbon lock-in 
has not set in and where infrastructure and 
behaviors are not yet entrenched. Yet, it is often 
these same places that have limited financial 
and institutional capacities to leverage regula-
tions and strategies to take advantage of the 
WEFN framework. Therefore, increasing the 
capacity of social, political, and governance 
networks in global cities is key to sustainable 
changes toward more resilient, just, and sus-
tainable cities.
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Abstract

Climate change, which has been associated 
with emerging and even elevated risks on the 
safety and well-being of societies, has already 
proved to be a significant challenge in today’s 
world. Furthermore, a new set of IPCC cli-
mate projections reveals that rainfall and high- 
temperature extremes are expected to exceed 
the extreme conditions already experienced in 
Brazil. Such conditions are expressed by sev-
eral events such as the drought and water cri-
sis in the southeastern region in 2014–2015; 
drought in the northeast region during 2010–
2016; and droughts in Amazonia in 2005, 
2010, and 2016 and floods in 2009. These 
extreme events place several challenges on 
health, infrastructure, agriculture, biodiver-
sity, and water resources, and therefore with 
significant environmental and socioeconomic 
implications. A major focus of this chapter is 
to provide elements to better inform users  – 
from government, organizations, profession-
als, and individuals – on how climate change 
is likely to impact the water-energy-food 
(WEF) nexus in Brazil. For that purpose, two 
case studies will be discussed: (i) why a nexus 

approach to resource management is impor-
tant for Cerrado and Caatinga biome, Brazil’s 
largest available stock of land for agricultural 
expansion and renewable energy production 
(NEXUS Project), and (ii) we analyzed the 
Paraíba do Sul river basin, which encloses one 
of the most developed and industrialized 
regions in Brazil. The first case refers to the 
development of analyses on the transforma-
tion for sustainability in the Cerrado and 
Caatinga biomes, considering the construction 
of scenarios and indicators, built through a 
participatory approach. The identification and 
construction of indicators were carried out in a 
collaborative way with experts using the 2030 
Agenda target framework.

Keywords

Climate change · Nexus · Security · Natural 
resources · Policies · Sustainability

4.1  Introduction

Currently, a substantial part of the Earth’s surface 
has passed through transformation in its natural 
ecosystems’ cover and biodiversity, by the 
increased demand of land for agriculture and 
expansion of urban areas (Ellis, 2015; Foley 
et al., 2011). As well, the population growth trend 
poses pressure on the future demands for energy 
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and water, as well as rates and country-based 
emissions of greenhouse gases (GHGs). The 
most recent global scientific assessment (e.g., 
Intergovernmental Panel on Climate Change  – 
IPCC) conveys a quite clear message  – global 
environmental changes are serious, disastrous, 
and transversal in the global society; thus, we 
need an urgent and integrated reaction. Central to 
this are the pillars of the sustainable development 
goals: (a) human well-being (related to social and 
political equality); (b) social- financial inclusive-
ness; and (c) environmental conservation.

Brazil is a continental country, with more than 
8 million square kilometers and many biomes, 
which have permanent preservation areas and 
legal reserves protected by public policies. On 
the other hand, Brazil is also an agricultural 
country that increasingly needs agricultural land. 
Climate change, which has been associated with 
emerging and even elevated risks on the safety 
and well-being of societies, has already proved to 
be a significant challenge of today’s world. The 
magnitude of the impact of climate change upon 
Brazilian ecosystems could lead to profound 
transformations in important drivers of biodiver-
sity, such temperature and precipitation patterns. 
That will affect the integrity of the ecosystems 
and the services they provide, compromising the 
livelihood of millions of people, besides posing a 
serious risk to biosphere integrity.

In this context, it is essential to understand the 
range of climate change scenarios to assist in the 
formulation of sound policies to increase adapta-
tion, mitigation, and resilience of socio- ecological 
systems in the region. Assessing the impacts of 
climate change on socio-ecological systems, 
however, is a challenging task. Part of this chal-
lenge resides in the complexity of the climate 
system, which means that there is no such thing 
as the “single right trajectory” but an ensemble of 
possible realizations, which usually we associate 
to different modelling approaches.

Furthermore, a new set of IPCC climate pro-
jections reveals that rainfall and high temperature 
extremes are expected to exceed the extreme con-

ditions already experienced in Brazil. Such con-
ditions are expressed by several events such as 
the drought and water crisis in southeastern in 
2001 and 2014–2015; drought in northeast dur-
ing 2010–2016; and droughts in Amazonia in 
2005, 2010, and 2016 and floods in 2009. These 
extreme events place several challenges on 
health, infrastructure, agriculture, biodiversity, 
and water resources, and therefore with signifi-
cant environmental and socioeconomic 
implications.

The chapter is presenting an outline of cur-
rent trends in climate and extreme events over 
Brazil from the beginning of the twentieth cen-
tury onward based on observations and assess-
ment of their projections up to the end of the 
twenty-first century. The focus will be on tem-
perature and precipitation that are robust indica-
tors of conditions that are related to agricultural 
production impacts and food security consider-
ations, possibly with regard to crop tolerances 
and thresholds. We also bring your attention to 
two case study areas, in which climate change is 
likely to impact the water-energy-food (WEF) 
nexus in Brazil. For that purpose, two case stud-
ies will be discussed: (i) we discuss why a nexus 
approach to resource management is important 
for Cerrado and Caatinga biome, Brazil’s largest 
available stock of land for agricultural expan-
sion and renewable energy production (NEXUS 
Project) (Sect. 4.3.1), and (ii) we analyzed the 
Paraíba do Sul river basin, which encloses one 
of the most developed and industrialized regions 
in Brazil (Sect. 4.3.2). The first case refers to the 
development of analyses on the transformation 
for sustainability in the Cerrado and Caatinga 
biomes, considering the construction of scenar-
ios and indicators, built through a participatory 
approach. The identification and construction of 
indicators were carried out in a collaborative 
way with experts using the 2030 Agenda target 
framework. To date, 149 sustainability indicators 
were identified, which are predominantly located 
in SDGs 6, 13, 15, 11, and 1. Final remarks are in 
Sect. 4.4.
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4.2  Climate Change and Its 
Impacts

Climate change is defined by the IPCC as a sig-
nificant statistical variation in a given parameter 
mean state or in its variability that persisted for a 
period of time (a decade or more), which can be 
caused by natural phenomena or anthropogenic 
influence. Both cases can influence the climate. 
Processes affecting climate can exhibit consider-
able natural variability. Even in the absence of 
external forcing, periodic and chaotic variations 
on a vast range of spatial and temporal scales are 
observed. Much of this variability can be repre-
sented by simple distributions, but many compo-
nents of the climate system also exhibit multiple 
states (e.g., El Niño-Southern Oscillation 
(ENSO)  – Cai et  al. (2020)). Anthropogenic 
influence is associated with the increasing emis-
sion of GHGs (greenhouse gases). Changes 
between states can happen as a result of natural 
variability or as a response to external forcing.

Evidencing climate change is based on careful 
analysis of observational records of the atmo-
sphere, land, ocean, and cryosphere systems. 
There is incontrovertible evidence from in situ 
observations and ice core records that the atmo-
spheric concentrations of greenhouse gases 
(GHGs) such as carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N2O) have increased 
substantially since the pre-industrial era (Myhre 
et al., 2014; Ciais et al., 2014). Recent measure-
ments show that carbon dioxide in the atmo-
sphere is now reaching levels 50% higher than 
when humanity began large-scale burning of fos-
sil fuels during the industrial revolution, despite a 
growing number of climate change mitigation 
policies.

In addition, the last IPCC report states 
unequivocally that warming of the climate sys-
tem is unequivocal, and most of the observed 
increase in global average temperatures since the 
mid-twentieth century is very likely due to the 
observed increase in anthropogenic greenhouse 
gas concentrations. Anthropogenic influences 
have likely affected the global water cycle since 
1960 (Hartmann et  al., 2013; Hoegh-Guldberg 
et al., 2018).

The warmer it gets, the greater the risk for 
more severe changes to the climate and the 
Earth’s system. Small changes in the climate will 
bring changes that can affect our water supplies, 
agriculture, power and transportation systems, 
the natural environment, and even our own health 
and safety. Although it’s difficult to predict the 
exact impacts of climate change, what’s clear is 
that the climate we are accustomed to is no lon-
ger a reliable guide for what to expect in the 
future.

Over the past decade, the impacts resulting 
from global change have emerged as a major pri-
ority for governments and research organizations 
around the world. Based on it this chapter uses a 
set of regional climate model by the Coordinated 
Regional Downscaling Experiment (CORDEX) 
(Giorgi & Gutowski, 2015) to provide in a clear 
and concise manner the estimates of projected 
future climate change over Brazil with a focus on 
case study areas (Paraíba do Sul river basin, 
located in southeastern Brazil, and Cerrado and 
Caatinga biomes). Despite these regions being 
located entirely within the tropics, the distribu-
tions of climate variables such as temperature, 
rainfall, and winds are often influenced by local 
effects of topography, vegetation type, and ocean 
thermal contrasts, which have a significant effect 
on the climate. In addition, these regions face 
numerous environmental and socioeconomic 
challenges, such as erosion and unregulated land 
use, desertification, deforestation, overexploita-
tion of resources, pollution, poverty, health prob-
lems, and poverty, which make them extremely 
vulnerable to a changing climate. Then, a chal-
lenge is to provide better information about the 
likely future climate for the benefit of poor rural 
and urban populations in a changing 
environment.

Rising global temperatures have been accom-
panied by changes in weather and climate. Many 
places around the world including Brazil have 
seen changes in rainfall, resulting in more floods, 
droughts, or intense rain, as well as more fre-
quent and severe heat waves causing economic 
and life losses. Some examples are the droughts 
in Amazonia in 2005, 2010, and 2016 and floods 
in 2009 (Marengo & Espinoza, 2015); the 
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droughts in Southern Brazil in 2005–2006 and 
2014–2015 (Nobre et  al., 2016; Marengo & 
Alves, 2015); and drought in Northeast Brazil in 
2012–2014 (Cunha et al., 2019; Marengo et al., 
2018). If these and other changes become more 
pronounced in the coming decades, they will 
likely present challenges to our society and our 
environment.

Regional studies of temperature and precipita-
tion trends for South America show changes that 
are in line with expected warming, most notably 
warmer days, heavy precipitation, and consecu-
tive number of dry days (Alexander et al., 2006; 
Vincent et  al., 2005; Haylock et  al., 2006; 
Marengo et al., 2010; Donat et al., 2016; Bezerra 
et al., 2019; Skansi et al., 2013).

Advances in climate modelling now enable 
best estimates and likely assessed uncertainty 
ranges to be given for projected warming for dif-
ferent emission scenarios. Climate projections 
provide critical information for decision-makers 
about our future climate, and it helps evaluate 
risk and opportunity from regional climate 
change.

In Brazil, the projected average surface air 
temperature and precipitation for the medium 
term (2041–2060) relative to the present day 
(1986–2005) under the Representative 
Concentration Pathway 8.5 (RCP8.5) scenario (a 
“business-as-usual” scenario) (Taylor et  al., 
2012) is shown in Fig. 4.1. The first immediate 
conclusion from those figures is that it provides 
better spatially detailed distribution of change 
compared to the driving general circulation mod-
els (GCMs) across Brazil. A number of other key 
messages can be drawn from Fig. 4.1a: The mean 
temperature change in central Brazil is much 
higher from the global mean temperature change, 
especially for Cerrado and Northeast and 
Southern Brazil, with potentially more than 3 °C 
of change by 2041–2060 compared with the 
baseline period. It also varies considerably with 
season and magnitude, which means that warm-
ing is more pronounced in austral winter (JJA) 
than summer (DJF). Nonetheless, substantial 
warming is also expected in all areas and season 
under a mitigation scenario (RCP4.5) in excess 
of 1.5 °C of change projected by medium term, 

relative to the baseline period (figure not shown). 
This, in itself, is extremely important in the pol-
icy context: The discussion of limiting global 
average temperature change to 2 °C (from prein-
dustrial) will not mean that changes in Brazil are 
also limited to this level of change.

Precipitation involves more complex local 
processes than temperature. In this regard, the 
greater levels of disaggregation in the RCMs 
potentially provide important information for 
impact and economic analysis. However, in gen-
eral, precipitation is less well simulated than tem-
perature, and projections are less robust than 
those for temperature. Figure  4.1b shows the 
changes in mean precipitation over the mid-term 
for the RCP8.5 scenario, and it leads to the fol-
lowing key messages: The results confirm the 
general conclusions based on the GCMs (IPCC, 
2014) but provide much greater information on 
the spatial distribution of changes, which are par-
ticularly important in the case of precipitation; 
there is a strong spatial pattern of change across 
Brazil, which is similar in all periods, and there 
are large differences between RCM and CMIP5 
GCM results even in terms of the direction of 
change. The results also show major differences 
in precipitation change within Brazil (i.e., 
between Southern and Northern Brazil). The 
largest changes projected are for land areas of 
Northeast Brazil, southern Amazonia, and parts 
of Cerrado (lower rainfall). The results show the 
likely decrease in precipitation in those regions in 
the austral winter. However, there is an increase 
in precipitation in austral winter over northwest 
Amazonia and Southern Brazil. The results show 
a strong drying trend for the RCP8.5 scenario in 
winter in Northeast Brazil and Cerrado.

Extreme weather and climate events are also 
an integral aspect of climate variability, and their 
frequency and intensity may vary with the pros-
pects of climate change. One of the most impor-
tant questions regarding short-term extreme 
events is whether their occurrence is increasing 
or decreasing over time, that is, whether there is a 
trend for the envelopes within which these events 
preferentially occur.

Figure 4.2 shows the extreme precipitation 
indices, for mid-term (2041–2060) modeled cli-
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Fig. 4.1 Changes in air temperature (°C) (a) and precipi-
tation (b) in Brazil for annual mean, austral summer 
(DJF), and austral winter (JJA) in 2041–2060 relative to 

1986–2005 under the RCP8.5 scenario derived from the 
CORDEX ensemble mean

mates over Brazil from the CORDEX ensemble 
mean. Future projections show significant 
changes in most extreme indices. R95P (very- 
wet- day precipitation) generally tends to increase 
over most of north and central Brazil. The fre-
quency of consecutive dry days (CDD) tends to 
increase mainly over Northeast Brazil and 
Cerrado and Paraiba do Sul basin. Models show 
future increases in extreme events over most 
Brazilian regions with warming, i.e., several 
regions will experience both drier or more fre-
quent dry periods and wetter wet periods in the 
future (Alves et al., 2021; Coppola et al., 2021). 
This would augment the risk and vulnerability to 
fires, and dry conditions would have a negative 
impact on the population, biodiversity, and 
human activities on the other hand. Extreme rain-

fall events result in significant societal impacts, 
including flooding and landslides, leading to 
major socioeconomic damages (Marengo et  al., 
2021).

Potential climate change impacts on Brazil 
can be extracted from global assessments. For 
example, a composite index of climate change 
(comprising temperature and precipitation 
extremes) shows a strong latitudinal gradient 
across Brazil with the worst-affected areas in the 
north (Baettig et  al., 2007). The northeast also 
emerges as a region of severe water stress by the 
2050s in global assessments of water resources 
(Alcamo et al., 2007; Arnell, 2004) and river flow 
(Milly et  al., 2005). More frequent great floods 
(Fowler et al., 2021), wildfire, and forest loss are 
expected for Amazonia (Fonseca et al., 2019).
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Fig. 4.2 Indices of extremes derived from the CORDEX 
ensemble mean climate change projections for mid-term 
(2041–2060), for the RCP8.5 scenario. Indices are defined 

in Frich et  al. (2002). Figures show changes for the 
timeslice 2041–2060 relative to the present climate 
(1986–2005)

4.3  Discussion

4.3.1  Nexus Approach to Resource 
Management in the Cerrado 
and Caatinga Biomes

Cerrado and Caatinga are unique biomes in the 
Brazilian territory. Several features could be 
listed on supporting this statement. Cerrado is a 
global biodiversity hotspot, the most biodiversity 
tropical savanna in the world, and encompasses 
the head water of several important river systems 
in the country (Klink & Machado, 2005). 
Caatinga is a biome wholly enclosed within the 
Brazilian territory, the cradle of endemic species 
unique in comparation to other semiarid regions 
in the world. Still, it holds a minor extended area 
for conservation in the country (ICMBio, 2021). 
Figure  4.3 shows the location of both biomes. 
Like Cerrado, Caatinga is home to unique cul-
tural expressions and singular indigenous and 
traditional communities. Caatinga is the less 

urbanized region in Brazil, and an important por-
tion of its 27 million inhabitants lives in rural 
smallholder properties and based on family agri-
cultural production. Similar patterns of small-
holder agriculture are found in both biomes, 
although the expansion of commercial and large- 
scale agriculture is relatively more important in 
the Cerrado region (Myers et  al., 2000), which 
has been recognized as a region with high poten-
tial to contribute to provide food for increasing 
global demand (Pires, 2020; Soterroni et  al., 
2019). The conversion of native vegetation and 
the lack of broadly distributed conservation areas 
make these two biomes among the most threat-
ened biomes in the world (Strassburg et al., 2017; 
Resende et al., 2021), of which 50% of their orig-
inal vegetation was already replaced by agricul-
ture or pastures (Grande et  al., 2020). The 
Brazilian National Agricultural Census (IBGE, 
2017) considers that basically 60% of Cerrado 
and Caatinga are adequate for agriculture and 
feedstock production; however, climate change is 
seen as an emergent threat in the region, with 
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Fig. 4.3 Location of Cerrado and Caatinga biomes

increasing temperatures and reducing precipita-
tion (Feng, Porporato & Rodriguez-Iturbe, 2013; 
Soterroni et al., 2019). Climate change impacts in 
these regions can be expressed by profound 
changes in the water cycle, increasing losses by 
evaporation and the frequency of extreme events, 
for both precipitation and droughts (Alves et al., 
2021), affecting the capability for agricultural 
production (e.g., about 90% of agriculture and 
almost 100% of the cattle production in Cerrado 
are rain fed (EMBRAPA, 2019)). Climate change 
might also affect water availability for human 
consumption and energy production, as well as 
the frequency and intensity of fires, which in 
turn, shall strongly impact the biodiversity, as 
well as the energy production and transmission 
(Lapola et al., 2018). Impacts of extreme drought 
events are seen in the Caatinga biome on the level 
of soil degradation (Vieira et al., 2021) and losses 
of soil nutrients (Tôsto et  al., 2019), which 

directly affect the potential for food production 
and human health and might lead to human 
migration to the metropolitan areas in the region 
or to other regions. Despite potential limitation to 
agricultural production in the next decades, 
Dalla-Nora et al. (2014) suggest that the increas-
ing demand for agricultural commodities, both 
internal and international, shall burst the land use 
change expansion in the Cerrado region, particu-
larly in the Matopiba area. Under the global 
notion that land is a scarce resource (Lambin and 
Meyfroidt 2011), the most likely expansion of the 
agriculture frontiers lays on the tropical belt 
(Gibbs et al., 2010), and the Brazilian Cerrado is 
an obvious subject (Soterroni et  al., 2019). In 
legal terms, the Cerrado region has approxi-
mately 27 million ha of native vegetation prone 
to the legally deforested area based on the 
Brazilian Forest Code (Azevedo et  al., 2017; 
Vieira et al., 2021).
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The socio-environmental landscape briefly 
described for the Cerrado and Caatinga biomes 
stresses the complex environmental analysis and 
planning for a sustainable use of resources and 
development path. About 50 million people live 
in those regions, under a broad socioeconomic 
diversity, different opportunities, and access to 
resources (Almeida et al., 2020).

The urban population represents 70% 
(Caatinga) to more than 80% (Cerrado) of the 
total, highlighting the challenges related to the 
demand and use of natural resources. Some of the 
main drivers for urban vulnerability in these 
regions are high population densities, poverty, 
weak governance, overdemand on urban ecosys-
tems (particularly in the cities located close to the 
ocean), and poor infrastructure. Those aspects 
pose strong pressure on the population’s basic 
needs, like water, energy, food, and ecosystems 
and the already depleted diversity associated with 
them. The risks on food, water, and energy secu-
rity are high and exacerbated by the enormous 
social inequalities (in bigger cities and state capi-
tals, poverty can reach more than 40% of the 
population economically active (https://cidades.
ibge.gov.br/)). Climate change is also an emerg-
ing threat. Processes such as sea level rise and 
extreme precipitation events reach stronger the 
cities on the coast, and extreme and persistent 
drought are, in general, more dramatic to small 
settlements and smallholders in the countryside. 
Therefore, an integrative analysis of resource 
vulnerability is critical in these regions.

The heterogeneity of the resources, the impor-
tant biological diversity, the vulnerability of the 
natural systems, and the potential for sustainable 
and renewable energy are threats and opportuni-
ties that require a transdisciplinary analysis of the 
economic sectors itself and the feedback among 
them. The nexus approach (food, water, energy, 
and society) is for the integrative management 
alternative in regions that are thus rich and vul-
nerable to the available resources. Araujo et  al. 
(2019) state that, under the different and under 
different governance regimes related to the water, 
food, and energy systems, the implementation of 
a nexus approach is challenging but urgently 
needed. Two dimensions are considered in this 

approach, one being an interdisciplinary dealing 
with the resources and the other a transdisci-
plinary with governance across sectors, different 
stakeholders, and the policy space (Endo et  al., 
2020).

Thus, the logic behind the nexus approach 
requires that the decision taken in one specific 
sector resounds in a systematic, transparent, and 
feed forward manner. The food-water-energy 
requires innovative and multiscale strategy, 
blending quantitative and qualitative methods 
(FAO, 2014). Among the challenges of integra-
tive planning in such heterogeneous regions such 
as Cerrado and Caatinga, understanding the pro-
cesses driving land use and land use change is 
critical. Transition from natural vegetation to 
other uses can be considered one of the primary 
drivers impacting ecosystem services (Resende 
et al., 2021), exacerbating climate change impacts 
on hydrological systems (Lopes et al., 2021) with 
potentially negative feedback to the climate sys-
tem itself (Salazar et  al., 2015). Richey et  al. 
(2015) observed a decline in the deep aquifer 
water stocks in the Cerrado region as an effect of 
increased irrigation in agricultural areas. 
Unplanned land use changes can also pose strong 
pressure on the local socio-ecological arrange-
ments, e.g., traditional communities and indige-
nous communities (Resende et al., 2021; Almeida 
et al., 2020) and smallholders, and lead to rural 
exodus to marginal areas on urban settlements 
(Lapola et al., 2018).

The methodological framework for land use 
under the FEW approach, for the Cerrado and 
Caatinga biomes, needs to consider the intercon-
nection among the sectors including the quantifi-
cation of resource environmental footprint, 
assessment and systematic simulation, managing 
trade-offs, and capturing life cycle cross-sector 
feedbacks and spatial and temporal scale syn-
chronization (Khan et al., 2018; Zhang and Zhou 
2019). The scientific literature presents several 
integrative modelling and tools to apply the nexus 
concept to inform the policy and resource man-
agement processes (Endo et  al., 2020). Araujo 
et  al. (2019), working with the nexus+ concept 
(which includes the socio-ecological security 
dimension) in the São Francisco river basin (cul-
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turally emblematic river system that flows in the 
heart of the Cerrado and Caatinga biomes), point 
several challenges to demonstrate the ability of a 
nexus+ framework to be effective on informing 
decision-making, even under clearly identified 
impact of the “no use” of this integrative 
approach. For instance, river impoundment by 
large-scale infrastructure with shallow articula-
tion with other key sectors, particularly indige-
nous territory, local community, and smallholder 
farming, led to extra pressure on the scarce water 
resource or inadequate irrigation strategies and 
soil salinization or lack of sanitation, leading to 
serious impact on food security (Araujo et  al., 
2019).

4.3.2  Paraíba do Sul River Basin

The integrated management of large urban cen-
ters is one of the significant challenges of the 
twenty-first century. In contrast, it represents the 
locus of complex dynamics, both from economic 
and political strength and several social and envi-
ronmental issues (NOBRE et  al., 2011). In the 
Brazilian context, São Paulo (RMSP) and Rio de 
Janeiro Metropolitan Regions (RMRJ) – both rel-
evant from the social, economic, and political 
point of view in the national context – together 
hold more than 34 million inhabitants or about 
28% of the population residing in urban areas of 
Brazil (FNEM, 2021). In this situation, the avail-
ability and affordability of water resources are a 
susceptible and strategic element to the viability 
of essential functions in metropolitan regions.

Understanding the relationship between the 
two largest metropolitan regions in Brazil and the 
Vale do Paraíba e Litoral Norte metropolitan 
region requires an expanded look at the inte-
grated management of water resources as an 
 element of connection between territories 
throughout Paraiba do Sul river.

The complex basin interconnection systems, 
implemented since the 1950s and intensified after 
the so-called water crisis (2013–2015), establish 
the basis for the creation of a new, even larger, 
more relevant, sensitive, and complex region 
called the “hidromegaregião” of São Paulo (SP) 

and Rio de Janeiro (RJ) (Ribeiro, 2020). The São 
Paulo Macrometropolis is formed by three 
bases – Paraíba do Sul river; Guandu river and to 
Piracicaba, Capivari, and Jundiaí rivers; and, 
from 2018, connects the Alto Tietê river basin 
(Fig. 4.4).

The Paraíba do Sul river basin, in this context, 
is essential because it connects the other regions 
through the transposition of its waters. The basin 
comprises   around 62,074  km2, covering 184 
municipalities, 57 in the state of RJ, 88 in Minas 
Gerais, and 39  in São Paulo (Cavalcanti & 
Marques, 2016). Due to its peculiar characteris-
tics, this basin can be considered a singular con-
nection element, revealing the conflicts and 
tensions arising from the different levels of 
decision- making, therefore, fundamental for the 
study and analysis of complex planning systems 
and management of waters.

The basin brings together different uses of 
water in three other states of the Federation. 
Currently, the primary services are linked to the 
production of hydropower; flood control; urban, 
industrial, and agricultural supply; fishing; and 
recreation (PSR Engenharia & AGEVAP, 2013) 
and the volumes excepted in the transposition for 
the Guandu basin in the Rio de Janeiro state. The 
Paraíba do Sul River is essential for the water 
supply in the state of Rio de Janeiro and for the 
economic development of its drainage area. The 
Paraíba do Sul river is essential for water supply 
in the Rio de Janeiro state. Since 1952, a 120 m3/s 
water volume has been transposed to the Guandu 
basin, which corresponds to about 80% of 
RMRJ’s water supply, serving around 9 million 
people (ANA  – Agência Nacional de Águas, 
2015; CEIVAP, AGEVAP, and COHIDRO, 2014; 
PROFILL, AGEVAP, and CEIVAP, 2020), 
besides the hydropower units.

In May 2018, It was concluded the works to 
the basin’s water transposition. Connecting the 
Jaguarí reservoir upstream of the basin, in the 
State of São Paulo, to the Atibainha reservoir, in 
the Piracicaba, Capivari, and Jundiaí (PCJ) river 
basins. This intervention was quickly approved 
because it was considered a public utility, emer-
gency, and strategy to deal with the water crisis 
and increase water security in the São Paulo 
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Fig. 4.4 “Hidromegaregião” of São Paulo (SP) and Rio 
de Janeiro (RJ), with the location of the Paraíba do Sul 

river basin and its planning units, the federative units, São 
Paulo Macrometropolis, and water transpositions

Macrometropolis and the PCJ basins (Carmo & 
Anazawa, 2017). Operationally, this interconnec-
tion is carried out through structures to capture an 
average flow of about 5.13 m3/s and a maximum 
flow of 8.5  m3/s (Engle et  al., 2011). The 
Atibainha reservoir is part of the so-called 
Cantareira System, which consists of six inter-
connected dams. The Cantareira System reverts 
waters to the Alto Tietê basin in compliance with 
the RMSP.  This complex structure aimed to 
reduce the systemic risk in supplies to the RMSP 
and the PCJ basin (SABESP, 2015) in response to 
the severe drought that hit the southeastern region 
of Brazil between the years 2013 and 2015. 
Although at first, the volume expected for trans-
position is small (about 5% of the water volume 
in the Paraíba do Sul river basin), this decision 
gives new thresholds to the scenarios of conflicts 
over water use, vulnerability, and complexity in 
water management in the Paraíba do Sul river 
basin (Giatti et al., 2016). The impact dimensions 
of this decision on the resilience of the entire 
water system in conditions of significant environ-

mental changes are not known, mainly as related 
to regional and global climate changes. Given 
this scenario, an integrated assessment of the 
water system/demand on the RMSP-RMRJ axis 
is fundamental, focusing on the Paraíba do Sul 
administration (ANA  – Agência Nacional de 
Águas, 2015) under various climatic scenarios.

The basin’s complexity is also reflected in 
aspects related to the water allocation within the 
basin, considering different uses and demands in 
various territories. In the basin, the agricultural 
sector stands out, mainly with the temporary 
crops of rice, corn, and sugarcane and the perma-
nent ones, with the production of coffee, orange, 
lemon, banana, and tangerine, in addition to the 
practice of extensive dairy farming (CEIVAP, 
AGEVAP, and COHIDRO, 2014).

Hydroelectric power generation, although set-
ting up as a nonconsumptive use, is relevant in 
the basin. The basin has nine hydroelectric plants 
(with a generation capacity above 30  MW) in 
operation. They are Paraibuna, Santa Branca, 
Funil, Picada, Sobragi, Simplício, Ilha dos 
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Pombos, Nova Maurício, and Barra do Braúna. 
Moreover, the basin has 37 small hydroelectric 
plants (PCH) and 29 hydraulic-generating plants 
(CGH) in operation (PROFILL, AGEVAP, and 
CEIVAP, 2020).

Besides the demands of the agricultural and 
energy sectors and the current transposition of 
part of its waters to the Guandu river basin and 
the Cantareira System, it is important to highlight 
the dependence on local communities. Fifty-two 
municipalities are located along Paraíba do Sul 
river, and 28 collect water for public supply 
directly from the river (CEIVAP, AGEVAP, and 
COHIDRO, 2014).

In addition to this scenario, it is important to 
summarize a recent event that revealed the vul-
nerability of the whole region. Between 2014 and 
2015, Southeastern Brazil, and specifically the 
area covered by the São Paulo Macrometropolis, 
was severely impacted by one of the most signifi-
cant droughts in history. Marengo and Alves 
(2015) already warned that events of this magni-
tude are precisely the type of extreme climate 
phenomenon projected by the reports of the 
Intergovernmental Panel on Climate Change 
(IPCC). The 2014–2015 water crisis impact 
ranged from water rationing, the interruption of 
supply in some municipalities and some seg-
ments of water users, reflecting the deepening of 
environmental injustice (Fracalanza & Freire, 
2015; Jacobi et al., 2015a).

According to the global projections of the 
IPCC and numerical modeling experiments, the 
climatic scenarios for the region suggest a 
decrease in rainfall, warming in the Amazon 
region with anomalies in the transport of moisture 
to southeastern Latin America. The resulting cli-
matic disturbances can be materialized in extreme 
rainfall events, concentrated in a few days, and 
periods of more intense and prolonged droughts, 
such as those of 2014 (Marengo & Alves, 2015). 
In other words, the region needs to prepare to deal 
with the possible occurrence of extreme weather 
events, with direct impacts on the components of 
the water-energy-food (WEF) nexus.

The understanding of the so-called water cri-
sis, as well as of new events of prolonged 

droughts, needs to be evaluated in an integrated 
way, and not only from the climatic point of view. 
Issues such as the responsibility of stakeholders 
and institutions involved in governance (Jacobi 
et al., 2015b; ANA – Agência Nacional de Águas, 
2015) and transparency about information and 
the decision-making process (Martins, 2014; 
Tadeu, 2016) are essential elements in the identi-
fication of the adaptive capacity of the basins in 
crisis scenarios.

The seek for a balance between the nexus ele-
ments in the Paraíba do Sul basin, regarding the 
characteristics mentioned, demands an essen-
tially multiscaled approach, based on both terri-
torial and temporal scales (Giatti et  al., 2016). 
Pressure from forces in the two largest and most 
influential metropolitan regions of the country 
and climate change scenarios leaves the basin 
into uncertainty and vulnerability from the point 
of view of the water balance. The governance 
dimension takes on an even more strategic role to 
consider such complexity concerning the man-
agement of water resources, considering the per-
spective of the nexus.

Therefore, the territorial coverage and diver-
sity of the basin imply a multilevel water gover-
nance model, which can be defined as the 
sharing – explicit or implicit – of the responsibil-
ity for the exercise of the form and to implement 
as water resource policies by the different admin-
istrative levels and territorial (OECD, 2011). 
Currently, there is a federal river basin committee 
that comprises the whole river basin and seven 
other committees for affluent rivers, one in SP, 
two in the state of Minas Gerais (MG), and 
another four in RJ. Besides the basin committees, 
the management structure also includes state 
management bodies such as ANA (National 
Water and Basic Sanitation Agency) (on a federal 
level), INEA (State Institute of the Environment 
of the State of RJ), IGAM (Instituto Mineiro of 
Water Management) for the State of MG, and 
DAEE- Department of Water and Electricity in 
the State of São Paulo. These institutions, acting 
together, should converge to a water management 
model attentive to the challenges of allocating 
conflicting uses.
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This complexity inherent to water governance 
requires structures and procedures aligned to the 
search for equality regarding the multilevel and 
multiscale social stakeholders’ participation. 
That is a challenge for the nexus governance, 
which demands a strengthening of the gover-
nance basin arrangement even more complex, 
whose alignment between multilevel and multi-
sectoral arrangements is desirable (Giatti et  al., 
2016).

Therefore, the strengthening of river basin 
committees emerges as central, legitimate spaces 
for conflict management, negotiation, and 
decision- making. Although the basin has a robust 
and well-structured management arrangement, 
such a system is still not recognized by the popu-
lation (Baião et al., 2020). One of the recommen-
dations for such strengthening is actions aimed at 
the continuous institutional development of 
spaces, innovative strategies for communication, 
engagement, and social mobilization to make 
such areas more diverse and aligned with the con-
crete challenges of the territories. However, it 
needs to adopt models based on adaptive man-
agement and resilience theory (Engle et  al., 
2011). Adaptive management of natural resources 
can be understood as a systematic process of 
improving management policies and practices by 
considering the policies and procedures already 
implemented. Its objective is to increase the 
adaptive capacity of the adopted approach 
through the inclusion of social learning processes 
that take into account the uncertainties associated 
with the management process and the constant 
analysis of the results obtained (Pahl-Wostl et al., 
2007a).

Human being’s ability to predict changes in 
the ecosystem is limited. The proposed manage-
ment model incorporates new information and 
consensus into the management process based on 
the policies set in practice. Besides past 
 experiences, features are considered essential for 
the process of adapting to changes (Pahl-Wostl 
et al., 2007b). In adaptive management, policies 
are viewed as hypotheses that must be tested and 
tried, which imply continuous monitoring and 
evaluation of the effectiveness of the imple-

mented actions (Folke et al., 2005). This concept 
presupposes the recognition that strategies, 
objectives, goals, and even policies are continu-
ally reviewed and adapted during the manage-
ment process. Eventual changes may occur due 
to the emergence of new information and feed-
back from the process itself. The requirement for 
this approach is the presence of a dynamic, flex-
ible, and open interface in relation to the process, 
stakeholders, and institutions involved, as a way 
of managing natural resources from a holistic and 
participatory perspective (Pahl-Wostl et  al., 
2007a; Resilience Alliance, 2010). This setting-
 up, however, comes up against barriers and 
bureaucratic procedures, typical of the current 
water management model adopted by the basin.

4.4  Final Remarks

This chapter aimed to provide elements to better 
inform users – from government, organizations, 
professionals, and individuals  – how climate 
change will likely impact the water-energy-food 
(WEF) nexus in Brazil. In addition to motivating 
the debate, focus on this new approach stimulates 
research and interventions, particularly for 
Cerrado and Caatinga biome and Paraíba do Sul 
river basin. Both ecosystems and human infra-
structure face risks from climate change.

Significant changes in climate and their 
impacts are already visible over the Brazilian ter-
ritory. Unlike the average annual precipitation, 
climate models suggest that most of Brazil will 
have increased extreme events, such as heavy 
rainfall intensity and droughts by the mid-twenty- 
first century. Changes in frequency and intensity 
of extreme events will cause significant financial 
and human losses throughout Brazil. For instance, 
temperature rise and changing precipitation pat-
terns are expected to exacerbate the already acute 
water shortage problem in the northeast and 
southern regions. In addition, warming is likely 
to increase energy demand for air conditioning in 
the summer, particularly in Southern Brazil. Such 
extra power demand, compounded by climate 
change, induced a reduction in hydro-production 
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and could disrupt energy supplies. Climate 
change represents an added layer of complexity 
in the WEF nexus approach.

WEF governance requires an understanding of 
socio-ecological complexity, which implies mul-
tilevel, multiscale, and multisectoral policies and 
stakeholders. Due to high urbanization in Brazil, 
cities are key systems for advancing the gover-
nance of the resources in the country. Faced with 
this scenario, adaptive management, innovative 
communication, engagement, social mobilization 
strategies, and transparency concerning informa-
tion and the decision-making process lead to a 
balance of interest and demands on WEF and 
increase adaptive capacity in the face of com-
pounding effects of climate change and the pub-
lic policies implemented.

In urban regions or under the influence of 
large cities, territorial and environmental plan-
ning and management structures must deal, 
simultaneously and systemically, with the search 
for more efficient, inclusive, and innovative mod-
els for the integrated management of natural 
resources and, on the one hand, due to concerns 
about environmental and climate equity and jus-
tice, through the pursuit of increasing the quality 
of life of the inhabitants, with a focus on the most 
vulnerable populations.

Reforms in environmental and territorial man-
agement are necessary to overcome bureaucratic 
barriers, allowing for greater systematization and 
assessment dynamics, allowing a path for adap-
tive public planning and greater participation of 
diverse stakeholders.

Finally, the subjacent premise to the scientific 
challenge is that the transition to sustainability 
requires much more than technical solutions 
(Park et al., 2008). For that, profound and struc-
tural sociopolitical changes are needed, including 
a rethinking of current institutions, dominant 
standards (e.g., as in science, the valuation of 
natural sciences about humanities and arts, when 
looking to environmental issues), cultural 
options, and the involvement of society in public 
decisions (Dryzek, 2016).
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5How Can the Water-Energy-Food 
Nexus Approach Contribute 
to Enhancing the Resilience 
of Amazonian Cities to Climate 
Change?

Nathália Nascimento, Lira Luz Benites Lazaro, 
and Mateus Henrique Amaral

Abstract

Climate change is expected to affect the most 
diverse regions of the world in diverse ways, 
posing additional challenges to managers and 
populations in the countryside and in the cit-
ies. In this chapter, we adopt climate anomaly 
scenarios considering the variables such as 
maximum temperature, consecutive days of 
rain, and number of dry days, to select munici-
palities in the Brazilian Amazon that are likely 
to face great climate changes in the region. We 

then analyzed socioeconomic data, producing 
clusters for groups of municipalities based on 
the neural network self-organizing maps. Our 
findings reveal that an analysis of the cities 
from a nexus perspective shows the impact of 
climate change in urban development and, at 
the same time, urban development impacts on 
the natural resources. The results depict 
Brazilian Amazon municipalities’ vulnerabil-
ity – they have the lowest level of basic sanita-
tion, waste management, adequate storm 
drainage, and human development index that 
makes their population particularly vulnerable 
to face the climate crisis. Furthermore, impacts 
can be particularly disastrous for 30 
Amazonian municipalities by their critical 
condition due to climate change and their 
socioeconomic and water demand index. Our 
results can be useful for managers of munici-
palities that may reach critical states due to 
climate change and serve as an alert to the 
urgency of adaptation and management 
strategies.
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5.1  Introduction

Around the world, the increased frequency of 
extreme climatic events has pointed to the 
urgency of measures to mitigate climate change 
impacts, design of adaptation strategies to a new 
climatological normal, and the need for a plan in 
different sectors to guarantee human survival and 
well-being. In this context, water, food, and 
energy security are recognized as one of the big-
gest challenges for the near future, given the pro-
jections of population growth and the expected 
change in consumer patterns (United Nations, 
2017). It is estimated that the world population 
exceeds 9 billion people in 2050 and 10 billion in 
2070, consequently increasing the pressure on 
natural resources and the demand for water, food, 
and energy (United Nations, 2017; OECD-FAO, 
2019). The response to this demand can be 
severely affected by the impacts of climate 
change, especially the instability in seasons and 
in the precipitation regime, and the occurrence of 
extreme weather events such as droughts, storms, 
and heatwaves (Bouwer, 2019; Zscheischler 
et al., 2020). These events can affect crop planta-
tions, limit land available for agriculture, and 
modify river dynamics affecting hydropower sys-
tems and the availability and access to freshwater 
and food (Gephart et al., 2020; Scott et al., 2020; 
Yalew et al., 2020).

In this sense, the Amazon region stands out as 
a key player in the local, regional, and global cli-
mate system. Globally, the Amazon carbon 
sequestration and storage activities influence the 
global carbon balance (Baccini et  al., 2017; 
Müller et al., 2015). Regionally, evapotranspira-
tion and aerosols released by the forest are essen-
tial for the formation of clouds and rainfall in the 
region and the moisture transportation to other 
regions of South America (Van Der Ent et  al., 
2010). Locally, shading, evapotranspiration, and 
moisture retention produce milder microclimates, 
promoting thermal comfort (Coe et  al., 2017; 
Longo et al., 2020). However, despite this impor-
tant functioning of Amazonian ecosystems, cli-
mate change scenarios for the region suggest 
major impacts for its ecosystems and population 
(Marengo & Souza, 2018).

Climate models indicate that different regions 
of the Amazon will suffer from an increase in 
temperature, changes in rain patterns that may 
become sparser and more intense in some regions, 
and an increase in dry days, in addition to drought 
events (Marengo & Souza, 2018). It is estimated 
that precipitation in the Amazon decreased by 
1.8% (Spracklen et al., 2018) and that changes in 
rainfall patterns between the wet and dry seasons 
have occurred, especially in the southeast of the 
region (Leite-Filho et  al., 2019). Models also 
have pointed out that if deforestation in the 
Amazon basin reaches 20% of the total area in a 
context of constant emissions and increased tem-
perature, the Amazon forest may reach a tipping 
point, initiating a transition from rainforest to 
vegetation like a degraded savannah (Nobre 
et al., 2016; Gatti et al., 2021). This transition is 
irreversible and will impact on the regional cli-
mate and dynamics of vegetation, species, and 
biogeochemical cycles. These impacts have been 
extensively studied (Esquivel-Muelbert et  al., 
2017; Gomes et al., 2019); however, even less is 
known about the socioeconomic impacts of cli-
mate change in the Amazon (Brondízio et  al., 
2016).

Climate change is expected to impact different 
regions of the planet unevenly and may be more 
intense in some regions, bringing dire conse-
quences for the most vulnerable and exposed 
populations (Ardila et al., 2021). It is important 
to emphasize that a natural hazard is only consid-
ered a disaster when it affects human populations 
(Wisner et al., 2015). In this context, the impacted 
populations have their vulnerability determined 
by the social context, whose structure was 
socially constructed over time and guided by 
marginalization and social inequality. The most 
vulnerable populations inhabit areas at greater 
risk of natural hazards, with little infrastructure, 
low income and education, and limited accessi-
bility to services, such as health and sanitation 
(Raju et al., 2022).

Approximately 30 million people live in the 
Brazilian Amazon, of which 75% are concen-
trated in urban areas (IBGE, 2015). The great 
diversity of Amazonian ecosystems is reflected in 
the huge diversity of its population, which despite 
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the great concentration of people in the cities, 
holds hundreds of communities of riverine, fish-
ers, extractives, Indigenous, Afro-descendants, 
and small and large rural producers, all of which 
will be directly or indirectly affected by climate 
change (Brondízio et  al., 2016). In addition to 
thermal discomfort in humans, and uncertainties 
in the agricultural production, increasing tem-
peratures can affect terrestrial and aquatic spe-
cies, compromising food security of local 
communities and the availability of regional food 
to Amazonian cities (Giannini et al., 2020; Prado- 
Lima & Val, 2016).

Changes in precipitation and temperature pat-
terns can have a major impact on Amazonian 
municipalities not prepared for extreme weather 
events, that is, in less resilient municipalities 
(Marengo et al., 2021). The concept of resilience 
has become increasingly common, but no less 
complex. In this work, we approach it in the con-
text of resilient cities, where resilience is under-
stood as “the capacity of a city or community to 
prepare for, respond to, and adapt from dangerous 
and disruptive events, such as natural disasters, 
economic crises, demographic changes, health 
epidemics, and others” proposed by Figueiredo 
et al. (2018). As it is a comprehensive and multi-
disciplinary topic, the creation of resilience indi-
cators or monitoring tools is not simple and has 
demanded a solid base in local and regional reali-
ties (Feldmeyer et al., 2019). Studying the charac-
teristics of Amazonian municipalities in the face 
of climate change scenarios is highly relevant, as 
it exposes how a region with a crucial role in the 
global climate system can also be affected by cli-
mate change, and the urgency of discussing adap-
tation strategies for the region’s municipalities, 
which historically present among the lowest 
human development indices in the country. 
Amazonian municipalities have the lowest level 
of basic sanitation, waste management, adequate 
storm drainage, human development index (HDI), 
and green area per inhabitant of Brazil (IBGE, 
2015). In addition, they have high levels of social 
vulnerability, which makes their population par-
ticularly vulnerable to changes in the climate 
(IPEA, 2017).

The urgent need to find solutions for mitigat-
ing impacts and adaptation strategies to climate 

changes is challenging, but currently, it can count 
on approaches that facilitate planning actions 
uniting different sectors and spheres of 
 decision- making. The water-energy-food (WEF) 
nexus approach emerges as an approach that inte-
grates three fundamental sectors for human sur-
vival, seeking joint solutions and envisioning its 
adoption by different spheres of government. The 
nexus approach provides an innovative frame-
work to change from conventional sector silos to 
integrated managing and policy decision. In fact, 
this approach can be useful for both WEF nexus 
analysis and policy-making to address coherent 
policies and the integration of natural resource 
management across sectors (Benites-Lazaro 
et al., 2020; Lazaro et al., 2021). Additionally, the 
nexus approach can be potentially useful as an 
effective tool in the management and preparation 
of cities in the context of climate change (Rasul 
& Sharma, 2016). Water, energy, and food are 
understood from this perspective as essential 
goods for human well-being, which need to be 
managed and planned in an interconnected way 
so that their production is guaranteed. 
Furthermore, the nexus approach has a solid 
foundation in the governance of these resources, 
which involves issues related to their access and 
distribution.

Resource management in many cities around 
the world still depends on traditional planning 
modes. Particularly in Brazil, the consequences 
of climate change have been faced in its various 
expressions, such as floods, droughts, and water, 
energy, and food scarcity. However, many 
Brazilian cities continue to employ traditional 
approaches to urban planning and management 
that are unable to assess the complex nature of 
the phenomena, impacts, and possible effects of 
climate change on the environment and society 
(Benites-Lazaro & Giatti, 2021). Thus, in this 
chapter, we examine some climatic scenarios and 
socioeconomic data and index to discuss how 
Brazilian Amazon municipalities could be 
affected by climate changes, the vulnerability of 
its population, and infrastructure condition to 
respond to the climate crisis, and we discuss the 
potential of the nexus approach as an important 
tool to help governments in the management of 
municipalities in the Amazon.
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5.2  Methodology

5.2.1  Study Area

Due to the extension of the Amazon region, we pri-
oritized analyzing the municipalities that fall under 
the most alarming projections of climate anomalies 
in the region. To select the municipalities for this 
analysis, we used data from the models for the 
IPCC-AR5, for the climate scenario RCP 
(Representative Concentration Pathways) 4.5. The 
RCP4.5 scenario assumes that the radiative forcing 
should stabilize around 4.5Wm-2 and 6.0Wm-2 
after 2100, without exceeding the long-term radia-
tion level of 4.5Wm-2. This is considered the most 
positive scenario (compared to RCP8.5) and is 
based on the premise that emissions should stabi-
lize, while policies and reforestation can contribute 
to increased carbon sequestration (IPCC, 2013).

The regional model data used in this work 
were obtained from the climate projection plat-
form for Brazil (http://pclima.inpe.br/), consider-
ing the data from the Eta Regional Model of the 
National Institute for Space Research (INPE), 
HadGEM2-ES Experiment for two periods: next 
(2011–2040) and medium (2041–2070). We con-
sidered the projected anomalies for four vari-
ables: maximum temperature, total precipitation, 
consecutive days with rain above 20 mm, and the 
number of days without rain. Data were crossed 
with the municipal limits of the Amazon biome, 
considering the highest indices for each variable. 
Thus, we selected 244 municipalities that must 
present one or more of the following anomalies: 
temperature above 3  °C, municipalities with 
three consecutive days of rain with volume above 
20 mm, and municipalities with 20 days without 
rain (Fig. 5.1).

Fig. 5.1 Municipalities selected for analysis
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5.2.2  Data Source and Analysis

5.2.2.1  Data Description
For this study, we considered data from ten indi-
cators, referring to the year 2016. All the data uti-
lized for this chapter are from Brazilian public 
domain information systems. To measure the 
relations among nexus sectors, we considered the 
proportion of the flux of water consumed for irri-
gation and animal grazing. We also included the 
three dimensions of human development, which 
are education, health, and employment and 
income (Table 5.1). However, we considered the 
Firjan Municipal Development Index as a human 
development measurement instead of the tradi-
tional Human Development Index (HDI) devel-
oped by the United Nations. This indicator, 
elaborated by Firjan System (Industry Federation 
of the State of Rio de Janeiro), is a study that 
annually follows the development of the more 
than 5000 Brazilian municipalities with available 
public data. The index ranges from 0 to 1 point, 
which when closer to 1, indicates the greater 
socioeconomic development of the municipality.

To better focus on Amazônia cities’ reality in 
facing climate change and health challenges, we 

considered some indicators such as hospital 
admission rate by diseases that could be related 
to water quality and environmental conditions 
related to the heat waves and criminal burn. Thus, 
we considered the concentration of heat sources 
as a key element associated with hospital admis-
sions by respiratory and cardiovascular diseases, 
due the increased human exposure to fine particu-
late matter from fires (Nunes et  al., 2013; 
Machado-Silva et al., 2020; Alencar et al., 2020). 
In the same way, we considered acute diarrheal 
diseases as an important variable to represent dis-
eases associated with poor water quality (Aguiar 
et al., 2020; Duarte et al., 2019).

5.2.2.2  Self-Organizing Maps 
with SOMbrero

For data analysis we used self-organizing maps 
to cluster a numeric dataset in the R package, 
SOMbrero. SOMbrero implements different vari-
ants of the self-organizing map algorithm (also 
called Kohonen algorithm) (Vialaneix et  al., 
2020). The Kohonen algorithm represents a class 
of neural network algorithms in the unsupervised 
learning category, which permits a nonlinear pro-
jection of a large-dimensional data manifold on a 

Table 5.1 Description of indicators and their sources

Code Indicators Description Source
F1 Fimd Firjan Municipal Development Index Firjan System (1)
F2 fimd_empl_income Firjan Municipal Development Index 

(Employment and income)
F3 fimd_edu Firjan Municipal Development Index (education)
F4 fimd_health Firjan Municipal Development Index (health)
F5 hr_cd Hospital admission rate for cardiovascular 

diseases by 10,000 inhabitants
Department of Informatics of 
the Unified Health System (2)

F6 hr_rd Hospital admission rate for respiratory diseases 
by 10,000 inhabitants

F7 hr_add Hospital admission rate for acute diarrheal 
diseases by 10,000 inhabitants

F8 hot_spots Concentration of heat sources Atlas of Human Development 
in Brazil (3)

F9 cons_an_m3_s Proportion of cubic meters of water consumed for 
animal grazing

Agência Nacional de Águas e 
Saneamento Básico (4)

F10 cons_ir_m3_s Proportion of cubic meters of water consumed for 
irrigation

(1) Firjan
(2) DATASUS
(3) Atlas Brasil
(4) Agência Nacional de Águas e Saneamento Básico

5 How Can the Water-Energy-Food Nexus Approach Contribute to Enhancing the Resilience…

https://www.firjan.com.br/pagina-inicial.htm
http://www2.datasus.gov.br/
https://atlasbrasil.org.br/consulta
https://www.gov.br/ana/pt-br


82

low (two)-dimensional grid, which can visualize 
common dependencies between variables, simi-
larity relationships, and cluster structures within 
larger datasets (Amaral et al., 2021). SOMbrero 
offers a wide range of plots aimed at giving a 
comprehensive overview of the resulting clusters. 
SOMbrero comes with a user-friendly graphical 
interface, which makes most of its options avail-
able in a few clicks, without resorting to the com-
mand line, and the interface is programmed using 
the R package Shiny (Boelaert et al., 2014). For 
this analysis, we considered 212 municipalities 
and 10 indicators; this is because both the munic-
ipalities and the 2 discarded indicators did not 
have data for all the variables.

5.3  Results

5.3.1  Municipalities Characteristics

Through analysis of climate scenarios for the 
Amazon, we select three groups of municipali-
ties where climate anomalies should be more 
intense (Fig.  5.1). In the northeast of the 
Amazon, which includes the coasts of the states 
of Maranhão, Pará, and Amapá, is the group of 
municipalities where an increase in the number 
of days without rain is expected. This number 
can reach 20 days without rain. In addition, this 
group covers overcrowded regional capitals, 
such as the capital of the state of Amapá, 
Macapá, and the capital of the state of Pará, 
Belém. Municipalities in the center of Amapá 
(Santana, Ferreira Gomes, and Tartarugalzinho) 
and the Marajó archipelago (Curralinho) are 
included in this group and will also face tem-
perature rise above 3  °C.  This can pose addi-
tional challenges for these municipalities, which 
may suffer from increased water demand due to 
heat and, at the same time, suffer from the 
absence of rain.

Temperature increase is also estimated for the 
central region of Amazon and the east of the state 
of Acre, also including overcrowded regional 
capitals, such as Manaus and Rio Branco. The 
same is expected to the south of the state of 

Rondônia and the central region of Mato Grosso. 
The inclusion of the main capitals and metropoli-
tan areas of the Amazon region in the groups of 
municipalities with scenarios of major climate 
anomalies may represent that a substantial 
 portion of the Amazon population will be affected 
by the consequences of climate change. In addi-
tion, the municipalities affected in the states of 
Rondônia and Mato Grosso are characterized by 
intense agricultural activities, mainly soy and 
cattle ranch, which can generate great economic 
impacts in the region.

An increase of three consecutive rainy days 
with volume above 20 mm is foreseen for munic-
ipalities in western Amazonas and Acre. One par-
ticularity of these municipalities is that they are 
close to important rivers in the region, such as the 
Rio Negro and Rio Juruá, but they have poor 
urban sanitation infrastructure. This means that 
these municipalities can have major social 
impacts, especially in the health sector, due to the 
large volume of rainfall and their inability to deal 
with possible flooding problems.

5.3.2  SOMbrero Analysis

Figure 5.2 shows the cluster from the 212 munic-
ipalities; this is the representation of the 36 
micro-cluster classification according to the simi-
larities from the 10 variables. The mini clusters 6 
and 31 grouped more municipalities, while clus-
ters like 11, for example, did not group any 
municipality. The clustering component contains 
the final classification from our dataset. Cluster 
profile overviews can be plotted either with lines 
or bar plot, and both provide information similar 
to that given by names; in this case, we numbered 
the municipalities (see Appendix). Figure  5.3a 
shows the ten variables used in this study, one 
variable is represented, respectively, with a bar 
that permits to see easily which variable influ-
ences which cluster, and Fig.  5.3b shows the 
cluster of municipalities by the eight federal 
units. Figure  5.4 presents the supercluster that 
groups the municipalities into four large 
clusters.
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Fig. 5.2 Cluster from the analysis of Amazonian municipalities. Each municipality is represented by a number, which 
is aggregated into a group based on similar characteristics

5.3.3  Analysis of Clusters

The municipalities that integrate the pink group 
have in common a median Firjan Municipal 
Development Index (less than 0.65) and a high 
rate of hospitalization due to diseases of the 
respiratory system. Regarding the demand for 
water, the demand for irrigation is generally low, 
with a maximum demand of 75%, which is the 
proportion of cubic meters of water consumed for 
animal grazing. Municipalities in the green group 
present the Firjan Municipal Development Index 
ranging from 0.45 to 0.75, which is above the 
average of the municipalities studied. The values 
for the Firjan Municipal Development Index of 
education are also considered the highest com-
pared to the other municipalities, ranging from 
0.45 to 0.9. In terms of health, the municipalities 
have a high rate of hospitalization due to respira-
tory diseases. A particularity of municipalities in 
this group is highly dependent on water for ani-
mal watering (up to 90% of the water flow for 

watering) and on the flow of water consumed for 
irrigation (85% of the flow for irrigation).

The municipalities in the purple group and the 
blue group have as a common characteristic the 
Firjan Municipal Development Index lower than 
0.65, with an average below the other groups. It is 
worth mentioning the low values for the Firjan 
Municipal Development Index for the education 
sector (max 0.6). Both groups also have high val-
ues for the admission rate for acute diarrhea. The 
difference between the purple and blue groups is 
in the demand for the water flow consumed for 
animal watering and the percentage of the water 
flow consumed for irrigation. While the purple 
group consumes up to 90% of water for irriga-
tion, the blue group has almost zero demand.

Cross-analysis of the distinct characteristics 
of groups of municipalities with climate change 
scenarios suggests that the situation for these two 
groups of municipalities can become particularly 
problematic. In coastal regions and its adjacent 
municipalities in the states of Amapá, Pará, and 
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Fig. 5.3 (a) Pattern of cluster of municipalities by variables. (b) Composition of each cluster based on the participation 
of Amazonian federal units
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Maranhão, where an increase in the number of 
days of drought and increased temperature is 
expected, 27 municipalities have a high demand 
for water for irrigation and animal watering and 
may suffer from the scarcity of this resource, 
compromising local agricultural production 
(livestock and crop) with indirect effects on the 
municipal economy and the food security of 
 citizens. In addition, dry weather and increased 
temperature can increase fire rates, thus impact-
ing the increase in hospitalizations for respiratory 
problems, which is already high in the region.

For the western Amazon region, three have 
associated potentially disastrous results. 
Although they are part of the groups with low 
demand for water for animal watering and irriga-
tion, they are municipalities that have low values 
in all sectors of the Firjan Index and high rates of 
hospitalization for acute diarrhea, which indi-
cates that they are municipalities that should have 
a low sanitation index basic and capacity to deal 
with climatic extremes as predicted for the 
region. In these cases, the increase in the number 
of consecutive days of rain, which can result in 
flooding problems, can bring serious problems of 
access to water and waste treatment.

5.4  Discussion

The Amazon is an environmentally and socially 
complex region. The diversity of its ecosystems 
associated with human activities conducted in 

different subregions gives rise to a mosaic of 
diverse and, at the same time, complementary 
socio-spatial dynamics. Similarly, due to the 
extension of the region, the climate scenarios for 
the region point to different dynamics in different 
zones, with the extension of dry days, increased 
temperature, and increase in the number of con-
secutive days of rain being remarkable (Marengo 
et al., 2012). The municipalities selected for this 
study have the highest projected climate anomaly 
values, which means that they are municipalities 
that urgently need actions to adapt to climate 
change.

The results of the clusters point out that the 
water demand and the values for the develop-
ment indices are crucial characteristics in the 
differentiation between the classes of clusters. 
An interesting result is the distribution of differ-
ent classes in the study area. The groups of 
municipalities are distributed throughout the 
region, without following an apparent pattern 
(Fig. 5.5); however, this may be related to loca-
tional issues such as urban infrastructure, access 
to services, and availability of water resources 
(especially the proximity to rivers), which can 
directly affect the adopted variables in this 
work. The concretization of climate scenarios 
has a great potential to cause a ripple effect 
capable of affecting all sectors of human life, 
being particularly serious for vulnerable popu-
lations, that is, those with low income, who live 
in unhealthy conditions and without access to 
health systems.
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Fig. 5.5 Spatialization of the studied municipalities by cluster group

According to an official document from the 
Ministry of Science, Technology, and Innovations 
(2021) in the fourth national communication, the 
number of days with high temperatures in Brazil 
increased 30%, and regional rainfall patterns 
have changed in the last 40 years (MCTI, 2021). 
Temperature increases are forecast for regions 
with intense agricultural activity, such as the cen-
ter of the state of Mato Grosso and Rondônia. 
Based on climate analysis conducted for the 
period 1980 to 2018 by the MCTI, agriculture in 
central Brazil is one of the most vulnerable sec-
tors to climate change, due to the increase in tem-
perature and the number of dry days.

The analysis of the impact of rainfall decrease 
in Southern Brazilian Amazon (Leite-Filho et al., 
2021) shows that there is a high correlation 
between deforestation and reduced rainfall in the 
region, which has already caused large economic 
losses in soy and livestock production, which can 

add up to US$ 1 billion annually by 2050. In 
addition, there is an aggravating potential regard-
ing the regional response to climate change, 
which can be enhanced by the absence of forests 
and forest degradation (Brando et  al., 2020; 
Fonseca et al., 2019; Tasker & Arima, 2016).

Temperature increases are also expected for 
the whole metropolitan region of Manaus. These 
events could be aggravated by urban infrastruc-
ture with low rates of tree cover, favoring the 
phenomenon of heat islands and increasing 
demand for water and energy (Lapola et al., 2018; 
MCTI, 2021). This represents not only the need 
to think about strategies to continue agricultural 
production in scenarios of temperature changes 
but also the need to prepare urban spaces for a 
new climate reality, where heat can affect labor 
productivity and overload systems of health, thus 
increasing the population’s vulnerability 
(Brondizio, 2016).
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Fig. 5.6 Municipalities that may reach critical condition due to climate change and their socioeconomic and water 
demand indices

At the same time, increases in the number of 
dry days in Amapá, Pará, and Maranhão have the 
potential to affect agricultural production zones 
and urban areas with high population density. 
The absence of rain can compromise agriculture, 
especially in municipalities that have a high 
dependence on water for agricultural activities, 
such as those highlighted in Fig. 5.5. It is note-
worthy that these are municipalities with high 
Firjan indexes, especially in the education sector. 
However, in the context of climate change, their 
main economic activities can be impacted, leav-

ing these municipalities in a particular situation 
of vulnerability (Brondizio, 2016). Furthermore, 
the prolonged deficiency of rain can affect the 
production of hydroelectric energy, increasing its 
cost in the region, increasing water and energy 
demand and the occurrence of diseases such as 
dengue fever (Horta et al., 2014).

Another important aspect identified concerns 
the scenario of an increase in the number of con-
secutive days of rain, which have the potential to 
cause major problems for populations in both 
urban and rural areas in the Amazon. Consecutive 
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days of rain can generate problems of flooding 
and health, causing chaos in urban areas with 
insufficient infrastructure to deal with the large 
amount of water. In the Amazon estuary, a study 
by Mansur (2016) highlights that 60–90% of the 
urban population is highly vulnerable and most 
urban sectors are exposed to risks of flooding and 
health problems. In addition, it is a region with 
major basic structural deficiencies, such as insuf-
ficient access to drinking water or inadequate 
waste collection. Recently, the state of Amazonas 
registered its biggest flood ever, which affected 
99% of the state’s municipalities and brought 
chaos to the capital, Manaus, affecting sectors of 
commerce, services, health, education, and sani-
tation (G1, 2021). In rural areas, especially in 
floodplain areas, where the population depends 
on the natural hydrological cycle for their activi-
ties, such as hunting and agriculture, floods can 
have disastrous effects.

Considering, also, a deficient and precarious 
environmental sanitation and health infrastruc-
ture for many of the municipalities in the Legal 
Amazon, the climatic variability of rainfall and 
temperature can also aggravate the health condi-
tion of residents in this group of municipalities 
analyzed. Previous studies show the effect of 
changes in temperature and rainfall on the behav-
ior of diarrheal infectious diseases (Aguiar et al., 
2020; Duarte et  al., 2019; Horn et  al., 2018; 
Franca, 2015) and cardiovascular diseases (Casas 
et  al., 2016). Duarte et  al. (2019), for example, 
found a positive association between hospitaliza-
tions for infectious diarrheal diseases and the 
increase in the level of the Acre River, which is 
an important river for the region. The study of 
Ellwanger et  al. (2020) shows the association 
between anthropogenic action in the Amazon 
rainforest, climate change, and alterations in vec-
tor dynamics, human migration, genetic changes 
in pathogens, and the poor social and environ-
mental conditions can give rise to the “perfect 
storm” for the emergence of infectious diseases 
in Amazonian municipalities.

Climate change poses a serious challenge to 
Amazon cities because regardless of the type of 
extreme climate that municipalities will experi-

ence, they produce a chain effect capable of 
affecting human health, the demand for water and 
energy, and food production and energy. 
According to the more recent report of IPCC 
(Masson-Delmotte et  al., 2021), changes 
expected for the coming decades are unprece-
dented in the last 2000 years; in other words, both 
humanity and ecosystems will need to develop 
means of adaptation to climatic realities never 
experienced before. Although this study has 
grouped municipalities that will face the same 
types of climate extremes, it is not possible to 
have a real idea of the consequences for their 
population. For inequality in terms of infrastruc-
ture and public services can be determinant in the 
level of vulnerability of their populations. In 
some cases, even if the municipality has a low 
demographic density, which means that fewer 
people may be affected, the inhabitants’ depen-
dence on natural resources may represent an 
amplification of impacts. For this reason, man-
agement tools and regional and national pro-
grams for climate adaptation need to consider 
municipal scale and the high diversity and com-
plexity realities in Amazon municipalities.

In this context, the WEF nexus approach can 
be integrated in municipal and state management 
tools, contributing so that the different sectors to 
be affected by climate change are managed in an 
integrated and inseparable manner and trying to 
encompass the complexity of the impacts that cli-
mate change can bring. The urban scenario repre-
sents a challenge and an opportunity to understand 
and direct resources to create more resilient cit-
ies  – in particular, by mobilizing action and 
understanding that the WEF nexus in cities can 
provide benefits by addressing some of the most 
complex global problems, including climate 
change, as well as helping to achieve sustainable 
development goals (Benites-Lazaro & Giatti, 
2021). Thus, urban planning with a nexus focus 
can provide the lens and basis to achieve urban 
resilience in an integrated way in different but 
interlinked sectors considering both ecological 
and built infrastructures (Nhamo et al., 2021).

However, although the interrelationship 
between the three axes of the nexus may seem 
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noticeably clear, in practice, the public adminis-
tration still has a long way to go in the develop-
ment of policies and action plans that integrate 
the water, food, and energy sectors. At the same 
time, different methodologies have been devel-
oped within the scope of the nexus approach that 
allows designs that are easy to apply in govern-
ment management. Based on the indicators 
adopted in this work, the great discrepancy in 
social and economic indices between Amazonian 
municipalities is evident, which may require dif-
ferent actions. In these cases, inducing the adop-
tion of integrated actions based on the nexus 
approach can be induced by a higher level of pub-
lic management, strengthening the relationship 
between various levels of the government. 
Furthermore, strengthening participatory gover-
nance and involving different stakeholder groups 
is one of the key elements of the nexus approach. 
Democratic management and integrated, system-
atic sectoral planning, with a clear notion of the 
cause and effect, are fundamental for the design 
of multisectoral actions that are more likely to be 
applied.

Another important aspect is related to the res-
olution of social problems, which are fundamen-
tal for reducing vulnerability to climate change. 
Improving basic sanitation indices and access to 
health and education are crucial for the Amazon 
population to have a better chance of facing the 
effects of climate change. In this sense, although 
the nexus approach is strongly based on the 
water, food, and energy sectors, the demands for 
better governance in these sectors demand its 
inclusion in other sectors of society.

The results of this work can help the manage-
ment of municipalities as follows: the munici-
palities highlighted in this work can receive 
priority attention in adaptation strategies to cli-
mate change, and the sectors that involve the pro-
duction and demand of water, food, and energy 
can be planned together considering both con-
scious demand and the autonomy in production, 
in this case, prioritizing alternative sources of 
energy and solving problems of basic sanitation 
and access to water. Due to the environmental 

importance of the Amazon region and the fore-
casts of increased temperature and drought, man-
agers could prioritize nature-based solutions with 
investment in green areas that can lower tempera-
ture and increase humidity in urban areas, reduc-
ing the effects of heat islands. Cities also need to 
think about intelligent drainage strategies, reduc-
ing impermeable surfaces and guaranteeing the 
fluidity of rivers. One of the characteristics of the 
nexus approach is to consider social equality as 
one of the main measures to guarantee the sus-
tainability of the system as a whole. In this con-
text, governments must prioritize the reduction of 
social inequality and increase the quality of life 
of its inhabitants, consequently, reducing the 
social and climate vulnerability of its 
population.

5.5  Conclusion

Increases in temperature, number of dry days, 
and consecutive rainy days are the main effects of 
climate change estimated for 244 municipalities 
in the Brazilian Amazon. The analysis of climate 
data with social variables indicates that some 
municipalities can be highly impacted due to 
their water demand in regions where floods are 
likely to occur, or their inability to deal with 
floods in regions where the number of consecu-
tive rainy days may increase, or even the increase 
of up to 3 °C in large regional capitals, which can 
generate intense heat islands. Our results indicate 
that none of the studied municipalities is pre-
pared for the predicted climate future, and, there-
fore, impact mitigation and adaptation strategies 
are urgent and essential. In this context, the 
water-food-energy nexus integrated approach can 
be considered a crucial tool for local and regional 
managers to reduce the vulnerability of their cit-
ies without compromising the quality of life of 
their population and economic growth. 
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6The Water-Energy-Food Nexus 
and the Micro-politics of Everyday: 
A View from Institutional Bricolage

Thainara Granero de Melo

Abstract

Brazil’s current conjuncture exacerbates an 
inescapable task to shed light on the UN 2030 
Agenda for Sustainable Development Goals 
(SDGs) and recent experiences of sustainable 
rural development policies across the country. 
While Brazilian scholars from a range of dis-
ciplines have long documented the policy 
achievements and the persistence of siloed 
responses, others have argued for the need to 
transform the knowledge about these experi-
ences into new policy strategies integrated 
into the SDG targets, particularly in the case 
of rural populations. However, neither the 
calls for integration nor the well-designed 
institutional solutions are self-evident or 
unproblematic assumptions. This chapter 
explores the everyday experiences of rural 
communities with integrated resource man-
agement and sustainable development inter-
ventions in Brazil. I argue that to better 
understand these interrelationships in their 
dynamic, uneven, and ambiguous manifesta-
tions, a critical and politicized interpretation 
of integration and institutions is needed. 
Drawing on the concepts of “water-energy- 
food nexus” and “institutional bricolage,” I 

analyze an empirical case study of small-scale 
farmers and their local organizations while 
participating in an intervention to support the 
integrated management of land, water and 
ecosystems in São Paulo state. I suggest that a 
dynamic bricolage for managing the local 
nexus can be observed, but with contradic-
tions that suggest its limitations. I contend that 
we will need more than just designed arrange-
ments or creative bricolage to integrate poli-
cies and natural resources to support 
transformative social justice, within and 
beyond the SDGs.

Keywords

Sustainable rural development · Water- 
energy- food nexus · Institutional bricolage · 
Micro-politics · Brazil

6.1  Introduction

In Brazil’s current conjuncture, the task to shed 
light on the UN 2030 Agenda for Sustainable 
Development Goals (SDGs) is inescapable. The 
effects of austerity measures and the dismantling 
of existing policies, aggravated by the criminal 
government of Jair Bolsonaro, evoke profound 
skepticism toward social and environmental 
commitments (Cernov & Pietricovsky, 2020). 
The rapid deterioration of institutions and partici-
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patory modes of resource governance, especially 
those related to climate change, food security, 
and biodiversity conservation, marks significant 
backtracking for the advancements of recent 
decades (David, 2020; Sabourin et  al., 2020). 
While hunger levels moved 20  years backward 
during the Covid-19 pandemic (IBGE, 2020), 
structural adjustments challenge the rural poor 
and small-scale farming sector that has been a 
crucial part of Brazil’s food production. 
Increasingly, environmental deregulations – from 
walking back pesticide bans to contemporary 
forms of land grabbing – act in corporate inter-
ests (Sauer et al., 2020). Combined, these effects 
on the erosion of biodiversity, drought, and 
energy crisis are evident across the country, as 
well as their implications for inequalities and 
injustices (Fernandes et al., 2020).

At the same time, this shift demands a critical 
reconsideration of the recent experience of Brazil 
with sustainable rural development policies, 
which had unforeseen political consequences. In 
the past two decades, the creation of policies and 
programs integrating territories to poverty reduc-
tion and natural resource management was prom-
ising. With significant impacts on food security 
and rural poverty reduction, these arrangements 
became globally acknowledged as a success 
model (Niederle et al., 2019), bringing together 
civil society groups, social movements, scholars, 
and practitioners in the making of interventions 
(Grisa et al., 2018). However, the promised artic-
ulation did not have the same advances, revealing 
limits to consolidate outcomes at the local level 
(Buainain et  al., 2018; Wojciechowksi et  al., 
2020). As such, the prevalence of techno- 
managerial rationality in some programs 
 resonated with a conception of local territories as 
passive recipients of interventions rather than 
active elements in social and political life. 
Participatory arrangements for decision-making 
then failed to reflect local concerns, diversity, and 
heterogeneity in terms of resource use and liveli-
hoods (Lotta & Favareto, 2016). Furthermore, the 
lack of synchronicity between infrastructure 
(provision of water, energy, and technical assis-
tance) and food programs (financial loans and 
public food procurement) hindered the inclusion 

of rural families, though these programs have 
changed their vulnerable conditions substantially 
(Favareto, 2018). Another fundamental contra-
diction of these policies relied upon the attempts 
to accommodate sustainable rural development 
within the global large-scale export agenda 
(Favareto, 2019) and its “commodities consen-
sus” (Svampa, 2015), which is characterized by 
neoextractivism, processes of dispossession, and 
enclosure of natural resources across Latin 
America.

Reflecting upon these experiences, recent 
studies call for a transformation of the existing 
knowledge into designed arrangements for policy 
integration (Favareto, 2019; Valencia-Perafán 
et al., 2020). By making visible the interdepen-
dencies and trade-offs between resources, urban- 
rural interactions, and livelihoods, Favareto 
(2018) argues, for instance, that researchers 
could move an agenda focused on the SDGs 
toward a tangible policy change. But the calls for 
integration and its designed arrangements do not 
necessarily add self-evident or unproblematic 
assumptions. A growing body of critical scholar-
ship has identified problematic tendencies in 
mainstream approaches of integration (Williams 
et  al., 2019). As Allouche, Middleton, and 
Gyawali (2019) demonstrate, though discursively 
constituted as technical and apolitical tools for 
resources management, such constructions often 
obfuscate the lived experiences of communities 
and unequal power relations that disproportion-
ally affect poor and vulnerable communities. 
Other critiques suggest that the growing engage-
ment of Brazilian scholars with integrated frame-
works has contributed significantly to 
decision-making recommendations, yet empiri-
cal evidence and context-specific issues are rarely 
made explicit in this literature (Dalla Fontana 
et  al., 2020). Furthermore, a common problem 
among social scientists studying sustainable 
development issues is the need for bringing more 
“on-the-ground” realities to  inform realistic 
interventions, as well as to offer  more  nuanced 
lenses for policy solutions.

To address this problem, this chapter explores 
the everyday experiences of rural communities 
with integrated resource management, using a 
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sustainable development project in Brazil as a 
case study. I aim to understand the ways in which 
resources and institutions are accessed, inte-
grated, and organized in the daily life of policies 
and programs. More specifically, I seek to under-
stand how the issue of “integrated resource man-
agement” is differently framed by key actors 
involved in interventions and designed arrange-
ments, how the local arrangement for managing 
varied resources is formed, and what outcomes 
they produce. Following the work of recent criti-
cal scholarship, I draw on the concepts of “water- 
energy- food nexus” (Allouche et  al., 2019) and 
“institutional bricolage” (Cleaver, 2012) to 
understand these relationships as dynamic, 
uneven, and ambiguous domains intersecting 
people, resources, and the everyday policy/poli-
tics. By discussing an empirical case study of 
small-scale farmers and their local organizations 
while participating in an intervention for support-
ing the integrated management of land, water, 
and ecosystems in São Paulo state, I suggest that 
people act themselves as “bricoleurs,” shaping 
both formal and informal arrangements for 
resources management, while designed institu-
tions alone do not generate the expected out-
comes of integration. On the other hand, I argue 
that the adapted institutions are not sufficient to 
challenge persistent inequitable patterns of 
access to environmental resources and discon-
nection from significant institutions and 
infrastructures.

Contributions from this chapter can be envi-
sioned in two directions. First, by combining 
both the nexus and institutional bricolage, the 
chapter brings a conceptual framework that 
locates and analyzes the linkages between natural 
resources and interventions as socially con-
structed relationships, thereby contributing to the 
methodological and practical challenges to iden-
tify institutional arrangements less visible in the 
everyday (Whaley & Cleaver, 2018). Second, by 
bringing to the fore the everyday experiences of 
an emblematic case from Brazil, this chapter 
seeks to contribute, both theoretically and empir-
ically, to the efforts of critical scholarship aimed 
at pluralizing the nexus research through “bot-
tom- up” analysis and re-politicizing the SDG 

discussion from the perspective of emancipatory 
projects and social justice (Allouche et al., 2019).

In what follows, I begin by unpacking some of 
the key aspects of the nexus and institutional bri-
colage framework. I elaborate how they contrib-
ute to understand better the complex, nuanced 
domains of resource management. This is fol-
lowed by a description of the method and case 
study context. I justify why this case is illustra-
tive to explore the interrelationships between sus-
tainable development interventions, different 
arrangements for resources management, and the 
everyday of an agrarian reform area. I then move 
to discuss the case study in three parts. I start by 
situating the Microbacias arrangement and how 
the actors and institutions frame the integrated 
resource management in the Sepé Tiaraju con-
text. The subsequent section understands the 
local arrangements and how bricolage is limited 
by structural problems, social relationships, and 
missing integration to relevant institutions and 
infrastructure, (re)producing unequal relation-
ships. Finally, I discuss the ambiguous and unex-
pected outcomes of these bricolage processes, 
suggesting the creation of an agroforestry multi-
use platform that mediates the local nexus. In the 
conclusions, I contend that we will need more 
than just designed arrangements or creative bri-
colage to integrate policies and practices to sup-
port transformative social justice within and 
beyond the SDGs.

6.2  Conceptual Framework: 
Unpacking the Nexus 
and Institutional Bricolage

6.2.1  The Water-Energy-Food Nexus

The last decades have seen the emergence of 
approaches to improve sustainability by adopting 
integrated solutions in response to climate change 
(Urbinatti et al., 2020). A recent development of 
these ideas is reflected in the notion of water- 
energy- food (WEF) nexus. The nexus is often 
defined as the idea that water, energy, and food, 
along with the natural resources that underpin 
them, are inextricably linked and articulate one 
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another. Presented by the literature as a concept, 
an analytical approach, a system thinking, or a 
governance framework (Harwood, 2018), the 
nexus is often used to refer to the pressures, 
trade-offs, conflicts, resilience, and potential syn-
ergies between these sectors (Endo et al., 2015). 
It is also argued as a potential basis to guide secu-
rity and efficiency use of resources across sectors 
and the coordination of global policymaking and 
the future of natural resource governance 
(Bazilian et al., 2011; Hoff, 2011a, b). Although 
its origins date back to the World Bank’s prelimi-
nary formulations on water and food security 
linkages (Allan, 2003), the nexus gained traction 
in the wake of 2008s financial crisis and Hoff’s 
seminal background paper in preparation for the 
Rio + 20 summit. Hoff presents the “ecosystem 
services,” “creating more with less,” and “accel-
erating access, integrating the poorest” as the 
fundamental principles guiding the nexus 
approach and the transition toward a green econ-
omy (Hoff, 2011a, b, p. 13). Since then, the nexus 
has been widely applied by the international 
community of researchers, experts, and practitio-
ners on the front lines of policymaking, including 
the UN support for the nexus  to promote the 
implementation of the SDGs (Hoff, 2011a, b; 
Schmidt & Matthews, 2018).

Scholars from critical social sciences have 
examined how the nexus emerged as a “buzz-
word” (Cairns & Krzywoszynska, 2016) and 
apolitical concept (Allouche et  al., 2019; Leese 
& Meisch, 2015; Moss & Hüesker, 2019). 
Because of its compelling arguments for integra-
tion, the nexus has become a highly discussed 
frame, coming to functioning as an umbrella 
term, encompassing a diversity of definitions, 
methods, lenses, and policy recommendations. 
Indeed, the nexus’ imprecise meanings and slip-
pages are getting captured in different ways. 
However, it has also been gradually established 
as a consensual idea regarding concerns, research, 
and methodological tools. As Allouche et  al. 
(2019) argue, much of the nexus literature adopt 
a technical rather than a political stance, propos-
ing modeling techniques to quantify interactions, 
eliminate tensions, and explore win-win scenar-
ios among sectors. These perspectives constantly 

draw on simplistic understandings of resource 
access and availability and naturalized discourses 
of scarcity, which overlook how other interfaces 
mediate natural resources at the local level, such 
as institutional arrangements and the power 
asymmetries and inequalities embedded in them. 
While democratic decision-making is claimed, 
the commonly held assumption is that the inte-
gration between sectors is merely a management 
and reengineering issue. Arguing more force-
fully, Williams et al. (2019) note in these techno- 
managerial dispositive an alignment of the nexus 
with neoliberal logics, providing markets more 
space for the ongoing accumulation and enclo-
sure of resources. Similarly, Schmidt and 
Matthews (2018) see the economic and political 
use of the nexus, expressed in ideas like the 
“green economy,” as critical for the expansion of 
global financial networks.

One might then ask why the nexus concept is 
coherent for this chapter. First, Allouche et  al. 
(2019) argue for reconceptualizing the nexus 
within politics, power, and justice. Second, build-
ing on these landmarks, the nexus must be cogni-
zant of the ways that “distributive inequalities, 
resource grabbing, and enclosure of commons, or 
systemic sources of social injustice” are entan-
gled across a range of levels and scales (Allouche 
et  al., 2019, p.  131). Such an alternative view 
entails trade-offs and policy integration across 
sectors as fundamentally sociopolitical pro-
cesses. Consequently, a shift to politics can make 
more visible the works of power “amongst differ-
ent actors with distinct perceptions, interests, and 
practices” (Allouche et al., 2019, p. 9), as well as 
potentially transformative solutions. These alter-
native framings are emerging in Brazilian litera-
ture, though techno-managerial perspectives still 
dominate (Dalla Fontana et  al., 2020). Critical 
scholarships have approached the nexus in terms 
of an engagement with social and environmental 
justice, in which questions about inequalities, 
power, youth, citizenship engagement, agency, 
and plurality are rendering visible the complexity 
and depth of the nexus in Brazil (Börner, 2021; 
Carvalho, 2021; Jacobi & Giati, 2017; Kraftl 
et al., 2018; Urbinatti et al., 2021). Thus, I turn to 
these critical, alternative approaches on the 
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nexus. As I have argued elsewhere (Melo and 
Scopinho, 2022), this perspective is consistent 
with the ontological commitment to think with 
the communities’ livelihoods and, through them, 
understand the nexus as transformative rather 
than apolitical knowledge. It calls for transdisci-
plinarity and spaces that acknowledge nonaca-
demic modes of thinking, including plural 
perspectives, cultures, and contexts of asymmet-
rical powers (Dalla Fontana et al., 2020).

I argue that these ideas share a further strength 
with the concept of “institutional bricolage” 
(Cleaver, 2012). In addition to dialogue with a 
politicized concept of integration, bricolage goes 
beyond tracking practices and social relation-
ships concerning natural resources. This 
also involves interrogating the complex entangle-
ments of “meanings, world views, forms of legit-
imization and authority,” which may be less 
visible in decision-making and formal arrange-
ments for resource management (Cleaver & de 
Koning, 2015, p. 9). Institutional bricolage then 
provides an additional conceptual tool to a criti-
cal nexus perspective by making the interrela-
tions between the local nexus and broader 
governance structures more legible. The next 
subsection shows how institutional bricolage 
draws on assumptions like complexity, uneven-
ness, and ambiguity, converging in the “dynamic 
thinking” proposed by Leach, Scoones, and 
Stirling (2010) for an alternative nexus perspec-
tive. Moreover, the emphasis of bricolage on the 
everyday experiences with interventions can 
sharpen what Allouche et al. (2019) have called 
“plural pathways,” to proceed a bottom-up nexus 
approach more attentive to the ways in which 
local systems of resources work.

6.2.2  Institutional Bricolage

Before unpacking the concept of institutional bri-
colage, it is worth reflecting on critical institu-
tionalism. Embracing the complexity of natural 
and social worlds, this school of thought centers 
on how “institutions dynamically mediate rela-
tionships between people, natural resources and 
society” (Cleaver & de Koning, 2015, p.  1). 

According to Cleaver, critical institutionalism 
asserts its key premises from social theory, focus-
ing on the interplay between nature and human 
action, the centrality of power, and concerns with 
social justice. Crucially, it frames institutions in 
contrast to mainstream institutionalism and the 
influential ideas of Douglass North and Elinor 
Ostrom to new institutional economics, criticized 
for its optimistic and often apolitical proposals 
about shaping  local institutions for  natural 
resources at the community level. As Cleaver 
argues, this approach gained traction among 
international development agencies by bridging 
neoliberal ideas of resource governance and 
decentralized local management. Conversely, 
critical institutionalism suggests that local nego-
tiations over resources are more likely to be a 
dynamic, ambiguous, and uneven combination 
between global and local factors, formal struc-
tures, and everyday relationships, and thus par-
tially amenable to designed arrangements. In 
recognizing the role of different agents in specific 
contexts, the local history, politics, power asym-
metries, social identities, and intersecting privi-
leges, critical institutionalism sees these aspects 
as influential over the livelihood choices on 
resource use (Cleaver, 2012). Nonetheless, 
Cleaver acknowledges that critical institutional-
ism often falls into romanticized notions of 
agency as empowerment or contestation when 
external interventions come to the fore.

Along with these critiques, Cleaver proposes 
“institutional bricolage” to understand the forma-
tion of institutions for resources management at 
the local level, how they really work in everyday 
life, and the outcomes they produce. Institutional 
bricolage is conceptualized as the process in 
which people “consciously and non-consciously, 
assemble or reshape institutional arrangements, 
drawing on whatever materials and resources are 
available, regardless of their original purpose” 
(Cleaver & de Koning, 2015, p. 4). This “patch-
work of institutions” (Cleaver, 2012) that results 
from bricolage should be understood not as a 
simple combination but a necessary improvisa-
tion to deal with everyday challenges and chang-
ing situations. This process involves borrowing 
arrangements enmeshed in social relationships 
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(e.g., meaningful experiences, reinvention of tra-
ditions, taken-for-granted thinking, local identi-
ties) that seem familiar to make institutions fit 
with local livelihoods. Thus, the adapted institu-
tions are unbounded by bureaucratic institutions 
or sectoral delimitations and can be used for vari-
ous purposes.

Drawing on social theory and extending the 
works of Mary Douglas, Pierre Bourdieu, and 
gendered theories, Cleaver (2012) builds this 
concept supported by structure-agency theories 
and the mediation of institutions. She suggests, 
for example, that people creatively innovate 
through bricolage, but these adaptations are both 
exercised and constrained in multiple ways. Key 
aspects of the everyday, such as the physical 
environment and material structures, power 
asymmetries, legitimized roles and authority, 
routinized practices taken-for-granted thinking, 
social identities, embodiment, and livelihoods 
are all crucial for bricolage. Taken together, these 
complex interactions shape different possibilities 
for people to access, use, control, make deci-
sions, and negotiate solutions over multiple 
resources.

The sense of unevenness and ambiguity of bri-
colage then reflects its possibilities for reproduc-
ing inequities and transformative change. Thus, 
one important challenge when analyzing the 
dynamics of local resource management is track-
ing the functioning of institutional arrangements 
and the outcomes of bricolage. Studies in institu-
tional bricolage have identified that its practices 
were critical for positive outcomes of interven-
tions to solve production and resource manage-
ment problems. Improvised arrangements by 
local people along with intervention rules can 
form a dynamic process that enables innovation. 
The authors conclude that the more open the 
interventions are for bricolage practices, the 
more they can trigger changing processes (de 
Koning & Cleaver, 2012; Merrey & Cook, 2012; 
van Mierlo & Totin, 2014). However,  most of 
these studies address areas where people have 
lived for generations. These cases sug-
gest that social cohesion is a critical element that 
enabled communities to manage their shared 
interests in bricolage. In turn, in recent areas like 

some rural settlements the outcomes of designed 
interventions might be even more unpredictable.

What this framework highlights is that the dif-
ferent uses, access, and ways of organizing inte-
grated natural resources are intrinsically 
connected to  the ordinary moments of structure 
and agency. However, as Cleaver (2012) remem-
bers, these dynamics are neither limited to local- 
level practices, nor to simple definitions (Allouche 
et  al., 2019). As these authors suggest, we can 
make a better sense of these “wicked problems” 
when we approach the everyday interaction 
between people, natural resources, and institu-
tions within wider frames, scales, and levels of 
governance. Thus, my concern is not to demon-
strate how water, energy, and food systems are 
objectively interconnected. Instead, in the sense 
of Stirling’s argument, I seek to explore the “dif-
ferent constellations” that relate resources, insti-
tutions, and people, which are very much a 
subjective process (Stirling, 2015, p. 9). To do so, 
I choose to foreground the farmers’ perspective 
and their micro-politics as a field of action, but 
also as a process  built on structural forms of 
exclusion. The following section describes how I 
approached these everyday dynamics through the 
case of Sepé Tiaraju rural settlement and its par-
ticipation in a sustainable rural development 
policy.

6.3  Method and Case Study Area

This chapter draws on a qualitative case study 
completed between 2015 and 2019. The original 
study analyzed the interrelationship between sus-
tainable rural development policies, organizing 
processes and subjectivities, turning empirically 
to the Sepé Tiaraju rural settlement, an agrarian 
reform community that participated in the 
Sustainable Rural Development Project Micro 
Basins II (Projeto de Desenvolvimento Rural 
Sustentável Microbacias II  – hereafter 
Microbacias), between 2014 and 2017. Designed 
as a partnership between the World Bank and the 
São Paulo State, this project composed the state’s 
environmental policies. Microbacias financed 
productive activities of low-income farming 
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organizations (e.g., associations, cooperatives, or 
environmental NGOs) aiming to integrate eco-
system goods and services to conserve biodiver-
sity, natural resources, and climate change 
adaptation. In Sepé Tiaraju, 3 local organizations 
(one cooperative as the lead proponent and the 
other two as co-partners) and 35 families received 
funds from Microbacias to implement integrated 
land-water use management through agroforestry 
systems (SAF). Organizations and farmers, in 
turn, were made responsible for collectively 
managing the project, including the SAFs, the 
improvements in  local food processing infra-
structures and goods acquired.

The participation of Sepé Tiaraju in 
Microbacias is instructive on many scales and 
levels. Primarily, rural settlements materialize the 
connections between the national policy of agrar-
ian reform and the landless’ political struggle for 
land and livable lives (Fernandes & Welch, 2019). 
Moreover, rural settlements exacerbate the socio-
political, contradictory nature of the local nexus. 
While they promote significant social and envi-
ronmental reconstruction, regulatory controver-
sies and persistent inequalities remain around 
resources (Melo et al., 2020). Located at the heart 
of Brazil’s largest sugarcane producer – the mac-
roregion of Ribeirão Preto  – and crossing the 
Pardo river basin, the Sepé Tiaraju settlement is a 
Sustainable Development Project, a model of 
agrarian reform area created by the federal 
 government to grant collective land tenure and 
regulate the sustainable use of natural resources 
(Brasil, 2000). The settlement was formalized in 
2004, after 4 years of informal occupation orga-
nized by the Landless Workers’ Movement 
(MST  – Movimento dos Trabalhadores Rurais 
Sem Terra) to reclaim the rights over a degraded 
sugarcane plantation by the ethanol industry. 
Under an agreement with the federal govern-
ment, 80 families were settled in the area. They 
became responsible for restoring the land and 
ecosystem through agroforestry systems (Ramos 
Filho, 2013) and collectively managing the natu-
ral and productive resources through formal 
organizations (Scopinho, 2012). These condi-
tions were vital to defining the Sepé Tiaraju’s eli-
gibility to Microbacias.

While these issues around the resources man-
agement discussion are worthy of attention, the 
key reason to choose this case study is my own 
involvement with agrarian reform areas as 
researcher in social sciences. Since 2013, I have 
been working with sustainable development proj-
ects in rural settlements, following food-related 
local organizations and communities. These 
activities gave me the opportunity to understand 
context-specific challenges of environmental 
transformation and how people portray their own 
experiences and perspectives of those changes 
within an institutional setting. At the same time, I 
was curious about their everyday agency and its 
limits, particularly on  how the interaction 
between various institutions, practitioners, and 
communities can serve as a locus of struggle or 
constraint around resources. The case study, then, 
could make more evident empirical findings that 
are  instructive to socially nuanced perspectives 
of resource integration and policy interventions.

Drawing on ethnographic perspectives and tri-
angulation of qualitative methods (Minayo, 
2012), I started the fieldwork in 2015 by closely 
following the Microbacias phases of implemen-
tation for 2  years. Methodological strategies 
included participant observations of the project’s 
decision-making forum  – the Management 
Committee  and its routine: the project’s  meet-
ings; the mutirões (schemes of cooperative work-
ing in which every member participate in 
alternating tasks) to implement agroforestry sys-
tems; preparatory courses in agroforestry; food 
markets and food handling. My personal contact 
during observations at the settlement allowed me 
to invite all the participants for interviews. I con-
ducted semi-structured, face-to-face interviews 
with the 35 residents that participated in the 
Microbacias (9 women, 26 men, ranging in age 
from 30 to 70) to explore their perspectives about 
the project, such as their involvement with 
decision- making and implementing actions, pre-
liminary evaluations and expectations about 
agroforestry systems and food processes facili-
ties. Additionally, other 35 interviews took place 
with nonparticipant residents (3 women, 32 men) 
to understand people’s motivations for not par-
ticipating in the project. Interviews were fully 
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audio-recorded and transcribed. Alongside the 
fieldwork, I examined official documents and 
academic publications related to the project.

My involvement in Microbacias project also 
allowed me to invite people who wanted to con-
tinue to participate in timeline workshops. These 
workshops were adapted from the Reflexive 
Monitoring in Action’s (RMA) tools for monitor-
ing and evaluating sustainable development proj-
ects (van Mierlo et  al., 2010). Along with the 
group, I aimed to retrace the experiences and out-
comes in retrospect to earlier experiences of col-
lective management of resources and relationships 
with other institutions and development policies 
implemented in the area, year by year. I orga-
nized seven timeline workshops with the settle-
ment’s residents, participants, and nonparticipants 
of the project, from October 2018 to March 2019. 
First, I invited all residents for the first cycle of 
workshops; invitations included in-person talks, 
phone calls, and messaging apps. The first cycle 
was completed in 12  hours of activity divided 
into four meetings, with nearly eight participants. 
The second cycle of workshops took place to 
generate a greater diversity of participants and 
opinions. This cycle was completed in 9  hours 
and three meetings, with nearly five participants. 
Coincidentally, all groups participated in 
Microbacias project. I invited the participants to 
remember the main events, ebb and flows of 
Microbacias and former projects during the 
meetings. While the participants were remember-
ing and discussing, I registered the facts and key-
words into post-its and placed them on a large 
timeline poster to make more visible. Each event 
was fixed in line with the corresponding year. In 
the final workshop, both groups compared their 
timelines to discuss a broad picture of the events 
and outcomes from these experiences.

Here, I do not try to provide a methodological 
protocol that can be replicated. Other researchers 
will be able to judge whether the strategies used 
here make sense to be reproduced in similar 
problems and scenarios. But a crucial point is 
that the internal triangulation ensured some reli-
ability. By combining different sources of infor-
mation and comparing the results, I could look at 
the contradictory accounts that emerged from 

empirical data from different angles, ensuring the 
diversity of perspectives expressed by the inter-
locutors rather than a single truth. Additionally, 
the adaptation of reflexive monitoring techniques 
was another fundamental part of reliability. The 
dialogue with the local actors and other research 
peers during the timeline workshops functioned 
as a member checking, allowing clarification and 
validation of the preliminary findings after 
3 years of fieldwork.

To prepare this chapter, I further analyzed pri-
mary data gathered from the specific moment of 
the Sepé Tiaraju participation in Microbacias. 
After ordering the empirical material and second-
ary data, I approached the material by paying 
attention to the relevant institutional structures 
presented by the community members and the 
internal logic of the groups to access, integrate, 
and organize different resources, which resulted 
in the empirical units discussed in the following 
sections. I start the analysis by positioning the 
implementation of Microbacias within broad 
governance frames: from the designed arrange-
ment by the World Bank to the formation of the 
local Management Committee in Sepé Tiaraju. 
Though I do not exactly focus my analysis on 
official discourses of the World Bank for financ-
ing sustainable rural development interventions 
(see also Gameiro & Martins, 2018) or the politi-
cal uses of mainstream perspectives of the nexus 
and natural resources management, I briefly dis-
cuss how the issue of “integrated resources man-
agement” is differently framed by key agents 
involved with the Microbacias and the proposed 
arrangements.

6.4  The Microbacias Project: 
Framing the “Integrated 
Resource Management” 
in Sepé Tiaraju

The Microbacias was initially designed in 2000, 
around a two-term partnership between the World 
Bank and São Paulo state. In 2010, the project 
was redesigned in its second phase  – the 
Microbacias II.  This new version shifted the 
focus from environmental actions to the competi-
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tiveness of small-scale farmers and local organi-
zations (Neves Neto & Clemente, 2014). Back to 
that year, the World Bank released the report 
“Development and Climate Change,” making 
claims for integrated natural resources manage-
ment in the face of climate change: “Only inte-
grated management and flexible, long-term, 
large-scale planning can meet the growing 
demands on natural resources for food, bioen-
ergy, hydropower and ecosystem services, while 
conserving biodiversity and maintaining carbon 
stocks in soil and forests” (World Bank, 2010, 
p. 136). The document does not explicitly address 
the nexus thinking but follows with several rec-
ommendations to build resilience and synergies 
across sectors in every level of governance. For 
rural communities, for instance, it recommends 
actions under the jargon “helping people to help 
themselves” (World Bank, 2010, p. 87), ranging 
from adaptation of agri-systems for water protec-
tion to reduce vulnerability, efficient use of 
energy, pilot projects for environmental services 
in micro basin areas, increased productive capac-
ity, and participatory implementation to 
community- based management and design of 
robust rules and institutions. The latter was a ref-
erence to the “polycentric model.”

Some of these recommendations got trans-
lated into the loan agreement of the Microbacias 
II, especially regarding the environmental sub-
projects (the group of interventions in which 
Sepé Tiaraju participated). For example, such a 
translation is noted when the World Bank 
describes “environmental subprojects” as those 
promoting “improved environmental practices in 
rural production systems to ensure the sustain-
ability of the productive resource-base (land and 
water),” “pilot subproject at farm-level,” “imple-
mentation of the borrower’s environmental com-
pliance system in rural areas combined with 
environmental awareness-raising,” and “a new 
program of payments for environmental services 
to rural areas” (World Bank, 2010, p.  7). 
Additionally, the Bank defined the state’s obliga-
tions to adopt three institutional arrangements – a 
Project Management Unit, a Steering Council, 
and a Consultative Forum – formed by bureau-
cratic “competent staff” to carry out the projects. 

Other obligations determined to conduct the proj-
ects with “due diligence and efficiency and fol-
lowing sound technical, agricultural, economic, 
financial, managerial, environmental, and social 
standards and practices satisfactory to the bank.” 
Moreover, the obligation to “ensure that the 
Project Management Unit not to assign, amend, 
abrogate, or waive any Grant Agreement” did not 
resemble the claimed flexibility in the bank’s 
report (World Bank, 2010, p. 10).

At the state level, the São Paulo’s Secretariat 
for the Environment (SMA) and the Biodiversity 
and Natural Resources Coordination (CBRN) 
issued a call for proposals, which explicitly 
linked the terms for the environmental subproj-
ects with a funding opportunity for local organi-
zations to implement projects on agroforestry 
systems (SAF). Here, the SAF was defined as a 
land use system and occupation that manages 
high diversity of plants and crops. According to 
official documents, the SAF integrates the farm-
ers’ productive activities to comply with the 
existing environmental legislation (Coordenadoria 
de Biodiversidade e Recursos Naturais, 2014). 
Nonetheless, agroforestry was never mentioned 
by the World Bank as one of the sustainable prac-
tices of resource management recommended in 
the agreement or even in its reports. In Brazil, 
agroecology and agroforestry systems have been 
at the forefront of civil society groups and social 
movements, such as the MST.  They advocate 
sovereignty over land and natural 
resources  through agroecology, particularly 
against the agribusiness hegemony. From this 
perspective, the SAF not only suggests integrated 
and sustainable use of resources by providing 
“many ecological services to farmers, such as 
soil fertility, pest and disease regulation, and pol-
lination” but a political means to “enhancing 
autonomy, resilience, and food sovereignty” 
(Altieri & Nichols, 2020, p. 205).

These first examples suggest that both arrange-
ments prescribed by the World Bank, SMA, and 
CBRN framed the issue of  integration differ-
ently: one to be resolved by strict acceptance of 
managerial rules, and the other to be resolved by 
legal procedures. When analyzing the hybrid 
governance of the nexus in Nepal, Allouche et al. 
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(2019) explain that the more the nexus is 
approached as a hierarchic regulatory issue, the 
more it moves from the local communities to the 
national and international agencies. Consequently, 
the more entrenched silofication takes place, 
though the discourses point to the contrary direc-
tion. On the other hand, the nexus finds more 
linkages in the closer social organizing, such as 
communities, given other dynamic social rela-
tionships, such as solidarity. Indeed, if we look at 
how these formal arrangements worked in Sepé 
Tiaraju, we will see that much of the local nexus 
was mediated by a combination between formal 
and informal arrangements, particularly by those 
meaningful social relationships that “recur over 
time and space” (Cleaver, 2012).

For example, when the Microbacias started in 
Sepé Tiaraju, these prescribed rules resulted in 
creating a local Management Committee, an offi-
cial arrangement composed of representatives of 
the three local organizations, farmers, research-
ers from public institutions, and SMA/CBRN 
staff. The committee was responsible for making 
decisions and executing everyday actions, such 
as implementing the SAFs, upgrading food facili-
ties, and training and rendering accounts. In prac-
tice, the committee configuration, its 
sub-commissions, meeting routines, and partici-
patory methodologies used by the researchers 
were like the earlier arrangements of collective 
decision-making organized by the MST at the 
beginning of the settlement. These researchers 
had a deep relationship with the settlement, either 
in earlier interventions or by supporting the land-
less struggle. For example, during an activity to 
evaluate the project, a group of farmers discussed 
how the proposed discussion should be done: 
“that is the same way we used to do in the move-
ment (MST).”

The fact that people found a way to survive in 
a land occupation organized by social move-
ments in precarious circumstances is crucial for 
this dynamic configuration. The social and politi-
cal role that the MST had in organizing the means 
to secure vital access to other natural resources 
shaped the primary basis to reconfigure the local 
nexus. These first experiences of organizing the 
struggles for water, energy access, and conditions 

to produce food established ways of thinking and 
using resources with significant meanings to the 
people. Therefore, these meaningful relation-
ships can leak from one old arrangement to 
another, along with their formal similarities. In 
institutional bricolage, the leakage of meaning 
from a symbolic reference of the past helps to 
give social applicability to the new institutions 
(Cleaver, 2012). But other sources of authority 
shift over time, such as the “modern” stakehold-
ers from the World Bank and SMA. Furthermore, 
people also turn to these authorities and their 
projects to reach more space to access other 
resources.

According to Jones (2015), this is a crucial 
area where external agents can use their own 
experiences at the local level to find more room 
for maneuver and adapt more practical interven-
tions. In acknowledging and supporting practices 
of bricolage, these partners can work with the 
existing community arrangements by drawing on 
both tradition and new ways of organizing. On 
the other hand, there are also limits in these bri-
colage processes, as this way of working cannot 
be easily accommodated within the interven-
tions’ rules and timelines, budget restrictions, or 
other social relationships. Moreover, these adap-
tations do not necessarily mean equitable out-
comes for everyone, as I discuss next.

6.5  Local Arrangements, Nexus 
Disconnections, and Uneven 
Relations

In this chapter, I have argued that mainstream 
perspectives of the nexus and institutionalism 
often lose that people do not passively incorpo-
rate new rules and arrangements – neither have 
unlimited capacity to exercise agency to contest 
the formal rules. Moreover, interventions often 
assume that every rural community will cooper-
ate with homogeneous rules and interests 
(Cleaver, 2012). Rural settlements like Sepé 
Tiaraju indeed have a substantial background of 
cooperation and experiences with former devel-
opment interventions. However, it does not nec-
essarily mean that these relationships are free 
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from constraints or necessarily positive. This 
subsection discusses how these constraints in bri-
colage and structural disconnections of the nexus 
produced unequal outcomes.

Some of these uneven effects became explicit 
during the functioning of Microbacias, specifi-
cally with  the adaptations made by the 
Management Committee in the informal arrange-
ments, like mutirões to implement the SAFs in 35 
household lots. While these traditional practices 
are routinized in the livelihoods of many rural 
communities, Sepé Tiaraju has a troubled history 
with mutirões. These arrangements were vital in 
steering the local environmental change, particu-
larly in the first years of the settlement when land 
degradation, drought, lack of income, credit for 
inputs, and infrastructure were unbearable. 
Nevertheless, mutirões also meant to intensify 
the work in individual and collective reforesta-
tion tasks, fetch water, participate in courses and 
meetings, and take care of family. As Cleaver 
(2012) reminds, all these physical activities are 
experienced under different conditions of 
embodiment, which can enable or constrain how 
people take part in the collective work. 
Considering other sociocultural conditions, most 
families were migrants from different regions, 
with various cultural backgrounds, precarious 
work experiences in urban areas, and fragmented 
memories about agriculture. The Management 
Committee was aware of these experiences. 
However, mutirões were the strategy to compen-
sate for the disconnections between the bureau-
cratic rules for buying seedlings and the time to 
design the SAF layouts and implement them dur-
ing the wet  season. Moreover, these resources 
were under the risk of being “de-nexused” 
(Allouche et al., 2019) by the bureaucratic time-
lines, as a farmer observed:

The farmer is not concerned with layouts; he wants 
to put the plant in the soil as soon as possible 
because of the rainy period. They put the layout in 
our hands, but we do not understand it. It is very 
slow, and the farmer needs to work.

Mutirões then contributed to saving physical and 
financial resources, while the Committee fulfilled 
the rules defined by the higher arrangements. 
However, the outcomes of this bricolage were not 

equally appropriated among the farmers. For 
example, during the first round of mutirões, I 
joined a working group with very few residents. 
According to a woman, people were skeptical 
about this scheme, as it usually benefited the lots 
scheduled in the early days. She referred to the 
past experiences of joint efforts in reforestation 
and house construction at the very beginning of 
the settlement. When Scopinho (2012) analyzed 
these experiences in Sepé Tiaraju years ago, she 
noted that mutirões and collective schemes were 
dissolved to the extent that people ceased to take 
turns, motivated by conflicts and divergent styles 
of working. Instead, people drew on these taken- 
for- granted thinking and affective motivations to 
informally reject the rule in the everyday. These 
examples confirm how the interplay between 
natural resources and formal and informal 
arrangements are uneven. Even when bricolage 
shapes arrangements to fit the local reality better, 
facilitating the nexus activities, it can produce 
unequal outcomes, especially for those most 
dependent on the cooperative efforts. On the 
other hand, it can evolve unexpectedly, producing 
new avenues to reshape the local nexus, as I will 
discuss in the following subsection.

Another example that illustrates these com-
plex interrelationships between interventions, 
bricolage, and the local nexus is found in the for-
mal recommendations for the SAFs. Some farm-
ers were instructed to use in  vitro seedlings of 
banana as a solution more resilient to pests and 
the lack of irrigation and, therefore, more produc-
tive and profitable. However, an interviewee 
explains why many farmers preferred their own 
in vivo seedlings:

What makes better for families in doing so? If we 
plant the way they say is correct, you have a banana 
tree with 450 bunches. If you cut and sell every-
thing, the woman wants to buy a sofa, the son 
wants a brand-new cell phone, the husband wants 
to go to the bar. At the end of the day, there is no 
money anymore. But the way we plant is simpler. 
It is not much money, but you can go to the bar 
here, the son gets 50 reais, the wife, too.

Affective aspects, social relationships, and pow-
ers intersect the complex, often contradictory, 
formal rules and how people manage natural 
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resources (Cleaver, 2012). The quotation above 
suggests a rationality that accounts for the mate-
rial and affective motivations to manage the 
resources, not for the innovative solutions 
brought by the experts. This necessary improvi-
sation meant for this worker a fairer distribution 
of economic resources and leisure possibilities 
for all family members, though resulting in less 
scalable or resilient food production. Moreover, 
it illustrates what Kraftl et al. (2018) describe as 
a caring sense of people when dealing with these 
“trade-offs” in the everyday experiences of the 
nexus.

On the other hand, recommendations for 
in vitro seedlings were made due to the lack of 
water access to irrigation. The uneven distribu-
tion of water in the area is a chronic infrastruc-
ture problem across Brazilian rural settlements 
(Simonato et  al., 2019). The temporary supply 
system network implemented by the federal gov-
ernment often cracks, leaks, and clogs, increasing 
the pressure over the productive activities. These 
constraints also imposed limits on  the practices 
of bricolage and the possibilities that people 
found in  creatively managing the resources to 
ensure the food production integrated with water 
and ecosystem protection. In this absence of inte-
gration with infrastructure programs, some farm-
ers considered the rules of sustainable 
management too unjust to be realistically institu-
tionalized in the everyday.

6.6  Unexpected Outcomes

As discussed above, development interventions 
and participatory arrangements bring to the fore a 
diversity of framings about resource manage-
ment and integration. These framings are 
informed by a normative vision that idealizes 
how a particular problem must be resolved. 
However, these perspectives  are partial because 
they assume roles that simplify the complexity of 
local identities. For example, the World Bank 
publications often stressed the aim to integrate 
resource management to the small farmers’ orga-
nizations and their entrepreneurial potential. 
Alongside, the SMA focused on the farmers’ 

potential in consolidating their environmental 
obligations. There is extensive literature in Brazil 
about the social categories in dispute and the pre-
supposed identities to rural communities by 
development policies. Whether low-income, 
smallholders or family farmers (Garner & 
Campos, 2014; Neves, 2007), new peasants 
(Robles, 2001; van der Ploeg, 2008), or agroecol-
ogists (Altieri, 2018), the implications of such 
denominations are controversial as they imply 
antagonistic logics of development, production 
systems, and ways of organizing resources and 
livelihoods (Fernandes, 2008). Though this chap-
ter does not address this discussion, it is worth 
mentioning that these ambiguous social identities 
necessarily come into play in the relationships 
between people, resources, and interventions.

As Allouche et al. (2019) suggest, local identi-
ties matter to the ways in which people negotiate 
or contest the external rules for resource use. 
Though these complex identities are often tena-
cious, they also are amenable to change by brico-
lage, intersecting various networks of 
relationships (Cleaver, 2012). I mentioned before 
that the recent formation of Sepé Tiaraju was 
marked by a cultural “cauldron” of people, mak-
ing evident the diversity and blurred identities in 
the area (Scopinho, 2009). These identities were 
also expressed in how people framed their roles 
and expectations regarding the Microbacias. For 
example, some participants that identified them-
selves as “agroecologists” often talk about the 
Microbacias as an opportunity to have proper 
resources to make “mixed-and-match” agricul-
ture and improve the environmental change of the 
area. For the organizations’ leaders, the project 
would showcase their entrepreneurial capacity 
and, thereby, a means to establish new connec-
tions with other institutions and markets. For oth-
ers, despite their lack of identification with 
agroforestry, the new SAFs became meaningful 
as they were reinterpreted by childhood memo-
ries of conventional agriculture practices.

The mechanisms through which the local 
arrangement of Microbacias evolved suggest the 
reinvention of an “agroecological” identity. For 
Cleaver (2012), people can reconfigure these 
ambiguous identities as an instrumental strategy 
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for managing resources, based on the  under-
standing of wider cultural frames and shared past 
histories. The reinvented mutirões were crucial 
for this process. At the beginning of this section, 
I discussed that mutirões did not engage families 
in work together, considering the past experi-
ences of collective work. On the other hand, this 
reinvented arrangement also brought together 
students, interns, and practitioners in agroecol-
ogy to work and learn with the farmers. The 
research institutes that composed the committee 
envisioned in mutirões an opportunity to promote 
knowledge exchange and facilitate the lived 
experiences of students and practitioners with the 
SAFs. Farmers, on one side, welcomed students 
as they added a necessary workforce to the SAFs. 
Students, on the other, contributed to farmers by 
paying the accommodation costs. These experi-
ences were described as spaces of mutual learn-
ing and co-creation of knowledge.

As the mutirões took place during the 
Microbacias, researchers and a group of farmers 
engaged with the SAFs gave new applicability to 
these activities. Gradually, mutirões were 
designed and institutionalized to fit into courses 
and field days. According to an interviewee, 
these activities also included cultural celebra-
tions based on the meaningful lived experiences 
since the occupation period: “This is something 
new. But we are going back to what we used to 
do.” Taken together, these outcomes of bricolage 
suggest what de Koning and Cleaver (2012) 
define as practices of “aggregation.” Aggregation 
 combines local sociocultural elements with for-
mal institutions and authoritative roles, giving 
them new meanings and purposes that shape a 
multiuse platform. These platforms are not lim-
ited to a single function and become influential 
in making decisions, accessing other resources, 
and shaping a new identity for the group. 
Nonetheless, the outcomes of such a creative 
encounter between different types of knowledge 
involve thinking carefully about the ambiguities 
and invisible works of power in bricolage. 
Cleaver (2012) argues that processes of design 
and bricolage are not immune from reproducing 
inequalities, marking how these can set apart 
dissent voices (or identities) and institutionalize 

dominant ideas. Moreover, as Jones (2015) 
observes in his study, arrangements developed 
through bricolage can change from relative flex-
ibility to an ambiguous expectation about who 
shares the responsibilities and costs regarding 
resource management.

Another unexpected outcome of this multiuse 
platform started with Microbacias is the creation 
of new connections to urban markets. Since the 
end of the project, this platform has evolved 
toward a network of agroecology, integrating the 
agroecological production to crowdfunding, 
consumer groups, and an agroforestry network 
with another rural settlement, researchers, sup-
porters, and organizations. Recently, these 
arrangements have reached other vulnerable 
families affected by Covid-19 in urban areas by 
donating fresh food from the settlements. 
Finally, the platform also suggests a possible 
reconfiguration of the local nexus, articulating 
land, water, and biodiversity regeneration to col-
lective capacities and knowledge exchange 
(Levidow et al., 2021).

To what extent do these outcomes suggest 
mechanisms to deal with the nexus precarity or a 
transformative basis for a local nexus system 
toward social justice and environmental change? 
As Cleaver reminds us, bricolage is subject to the 
necessary everyday agency but also to the wider 
structural constraints that reproduce inequalities. 
When Microbacias was implemented, the 
national political conjuncture anticipated the 
backtracks that occurred since 2016, with signifi-
cant pressures and impacts over the reproduction 
of families, especially on the food production of 
local organizations and market channels. 
Austerity measures also affected the budget of 
several public institutions, including those work-
ing with Sepé Tiaraju during the Microbacias. As 
such, these dynamic, uneven, and ambiguous 
outcomes of bricolage can be channeled into 
compensating for the injustices from different 
sources while preserving broad logics of unequal 
resource distribution. Still, these experiences also 
illuminate that the everyday construction of alter-
native and integrated avenues toward social and 
environmental justice is a matter of politics 
(Allouche et al., 2019).
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6.7  Conclusions

At the beginning of this chapter, I questioned the 
normative claims for integration emerging in the 
Brazilian literature of public policies engaged with 
alternative pathways for sustainable development. 
In many ways, the ideas of integrations have been 
sitting comfortably with the growing apolitical, 
techno-managerial solutions to integrate resource 
management while perpetuating historical inequal-
ities. I took this contradiction as the starting point 
of this chapter along with the SDGs recent chal-
lenges as an opportunity to make a better sense of 
how these calls for integration can take place in the 
everyday of rural communities and their experi-
ences with development interventions. Critically 
and politically, alternative perspectives of water-
energy-food nexus and critical institutionalism 
(institutional bricolage) highlight the dynamic, 
uneven, and ambiguous features of the interrela-
tionships between people, institutions, and the 
mediations over natural resources. These aspects 
imply that integration and institutions are necessar-
ily a political process, far from being a simple mat-
ter of technical solution or cross-sectoral 
governance. As such, structure-agency dynamics, 
power, politics, cultural, and social relationships 
are some of the aspects that need to be centered in 
any analysis concerned with the interrelationships 
and multiple dimensions of poverty (SDG 1–5), 
infrastructure (SDG 6–9), environmental justice 
(SDG 13–15), and institutions (SDG 16–17).

I then focused on the everyday experiences of 
a rural community while participating in a public 
project aiming at integrated management of land, 
water, and ecosystems to discuss how these dyna-
mism, unevenness, and ambiguities of integrated 
resources produce different outcomes concerning 
the proposed interventions. The analysis of Sepé 
Tiaraju rural settlement and the Microbacias sug-
gest that a dynamic reconfiguration of the nexus 
can be observed but with contradictions that sug-
gest its limitations. Through bricolage processes, 
people shaped both formal and informal arrange-
ments by drawing on past arrangements, mean-
ingful experiences, different rationalities, and 
reinvented traditions. These combinations helped 
to give social applicability to the agroforestry 

systems. Moreover, bricolage also resulted in an 
unexpected multiuse platform around agrofor-
estry, suggesting that other reconfigurations of 
the local nexus are to be made. However, these 
practices were also contested in the face of struc-
tural inequalities and past relationships, making 
it evident that bricolage alone cannot resolve the 
missing integration to other significant institu-
tions and infrastructures, which preserve broad 
logics of unequal resources distribution and 
social injustices.

There are several implications of the lived 
experiences of communities with interventions 
that evade this case and its partial analysis, 
including how we should position it in broad 
frames of governance and the future challenges 
for public policy. Either way, the case highlights 
the importance of rethinking integration to prob-
lematize the easy association of these discourses 
with the oversimplistic or over-romantic view of 
rural communities. Through bricolage, rural set-
tlements and local supporters demonstrate their 
painstaking capacity to forge new alliances and 
meaningful experiences, remaking the micro- 
political space to find solutions under uncertain 
circumstances, and contesting injustices through 
a fundamental transformation of the local nexus 
materialized in the landscape. Nonetheless, bri-
colage is not just a response to get by with the 
few resources at hand. It is also socially produced 
by more profound socioeconomic and environ-
mental inequalities, by the missing integration to 
fundamental infrastructures constraining the use 
and access to natural resources. Too often, how-
ever, we fall into a trap to naturalize these cre-
ative solutions of rural settlements and other 
vulnerable populations as manifestations of 
“resilience” and resistance, while the concentra-
tion of power and the persistent inequalities 
became normative. Therefore, structural inequal-
ities and environmental issues that have long 
been present will not disappear due to well- 
designed arrangements or institutional bricolage 
alone. Ensuring fair and stable use and access to 
land, water, energy, food, ecosystems, sources of 
income, and livelihoods of rural communities 
must be our fundamental commitment to social 
justice within and beyond the SDGs.
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Abstract

Cities must embrace the transition towards 
sustainability, since they are intricately linked 
to the context of peri-urban agriculture – farm-
ing that provides food and competes for 
resources such as water and energy and is 
therefore a critical process in intensifying or 
mitigating climate change. Additionally, the 
city-rural borders are blurred and not easy to 
define.

The governance of natural common-pool 
resources (the commons) is central to this 
urban transition to sustainability. To make this 
change happen, technological, organizational, 
social, financial and human behaviour innova-
tions are needed.

This chapter presents the context in which 
the Water-Energy-Food Nexus (WEF Nexus) 
concept can be considered a mission-oriented 
institution regarding the governance of the 
sustainability transition, within the evolution-

ary process to create urban systems. The WEF 
Nexus is used as a prime mover to prompt a 
transition in the innovation agenda  – orga-
nized in a three-dimensional matrix composed 
of an ecosystemic services approach to the 
future sustainable commons ensembles, as fol-
lows: physical and material conditions of pro-
duction systems, attributes of community, a 
sustainable perspective of desired economic 
behaviours concerning the use of commons 
and rules in use, the agreements that constrain 
the exploration and removal of commons.

Keywords

Water · Energy · Food nexus · Urban sustain-
ability · Transition agenda · Institutional 
economics · Innovation

7.1  Introduction

The so-called transition to sustainable systems, 
concerning climate change challenges, is possibly 
the greatest shift facing modern civilizations. The 
governance of common-pool resources, natural or 
technological, is the central point of this challenge.

Sustainability is a new milestone of civiliza-
tion, an urgent collective transition goal, given 
the severity of climate change. A great deal of 
uncertainty surrounds the new constitutions and 
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commitments that should be taken into account, 
considering a new pattern of economic growth 
and market development, from the perspective of 
maintaining a sustainable global human system.

Climate change – the prime mover of efforts 
towards the sustainability challenge – is a politi-
cal economics issue: the management of this 
social and planetary dilemma of the risk of scar-
city, which attempts to include social, political, 
and economic factors. The sustainable transition 
demands, in this context, institutions that foster 
an institutional transition.

This chapter presents the analysis of an insti-
tutional agenda for the transition to sustainability, 
based on the Water-Energy-Food Nexus (WEF 
Nexus) conceptual tool. The transition agenda 
involves an exploratory analysis of a set of con-
stitutional factors that must be considered, so that 
such an innovative transition process can be 
planned and implemented, reaching an expected 
level of sustainability governance for which it is 
designed.

The WEF Nexus was conceived as an analyti-
cal promoter of and guide for actions to enable 
the many innovative processes involved in the 
transition processes. Plainly speaking, it is an 
institution for institutional change, assuming that 
institutions are made up of a broad set of human 
behaviours, culture and modes of common-pool 
natural and technological resource uses.

“Institutions” are systems of established and 
prevalent social rules and norms that provide 
structure to social interactions. The transition, 
in this sense, is an innovative shift of institu-
tions which represents a huge shift in the cogni-
tive rules by which humans live. A sustainable 
world requires massive changes at the structural 
level of social organizations and how they relate 
to resource systems. Beyond this, the transition 
process involves dealing with a complex system 
of intentionally  – and innovative  – targeted 
changes in human factors towards more sustain-
able living. These changes are addressed by 
technological, organizational, social, financial, 
educational, behavioural, legislative and regula-
tory innovations related to the sustainable use of 
commonly owned resources of the WEF Nexus. 
The nexus involves productive, distributive and 

consumption behaviours and national and global 
commitments that foster a higher level of envi-
ronmental resilience combined with human 
development. Rules and regulatory bodies of 
common-pool resources, such as national or 
international level laws, also foster the develop-
ment and adoption of clean energy as well as a 
multilevel set of agreements concerning the use 
of common-pool resources. Another group of 
factors is market and non-market incentives for 
innovative funding and monetary devices for 
more sustainable productive arenas, national 
and international policies to foster sustainable 
energy and sustainable environmental condi-
tions or, in a word, innovation and innovative 
institutions.

According to the World Economic Forum 
(2011), “any strategy that focuses on one part of 
the water-food-energy nexus without considering 
its interconnections risks serious unintended con-
sequences”. The “nexus- oriented approach” 
therefore acts as a tool for planning and decision- 
support frameworks to manage the transition. 
The WEF Nexus is constantly evaluating such 
analyses, since its primary intention is to point 
out, address and lead the concept that the transi-
tion is an interconnected complex system, which 
is founded on the idea that there are nexuses 
between common property natural resources: 
water, energy and food.

What kind of tool, backed by what kind of col-
lective, shared and commonly accepted concept 
and comprehension of the transition phenome-
non, provides common ground for humanity to 
meet this challenge? How should the different 
levels of cognitive rules assumed by a huge diver-
sity of human beings in their political, social, cul-
tural and economic contexts be changed, 
considering the so-called climate change prob-
lems that impact efforts towards transition?

The WEF Nexus is a concept that, even if 
unable to provide these ex ante conditions, is a 
productive space for experimentation and a col-
lective definition of desired institutional values 
that can, in the future, legitimate and support the 
interests of diverse stakeholders concerning the 
climate change issue. It can be viewed as a proce-
dural tool for future learning about the transition 
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process, and not as an established and unchange-
able instrument.

Let us analyse the relations among urban 
innovations and the WEF Nexus, as complemen-
tary human constructs useful to drive the urban 
transition to sustainability challenge. The con-
cept of innovation is intertwined with the climate 
change problem as a political, technological, 
social, organizational and financial prime mover. 
The Latin term innovate – from which the word 
innovation originates  – can be understood as 
innovative forms of governance. In turn, the WEF 
Nexus is a conceptual tool for change, that is, for 
achieving new sustainable forms of life on the 
planet.

Thus, this chapter sees the WEF Nexus as a 
mission-oriented institution for institutional 
transition (from now on, SMOI). This idea is 
guided by the fact that the design of a sustain-
able future is actually operated by a variety of 
actions to change cognitive rules by which pro-
ductive and commercialization flows use com-
mon-pool natural resources. There is one type of 
institution, at the level of countries’ political 
and social actions or born from international ini-
tiatives, that may be involved in creating the 
rules and the instruments of economic, environ-
mental and social policy. Such rules must be 
implemented and scaled in different ways, such 
as rules, behaviours, markets dynamics and citi-
zenship rights. The goal of changing the cumu-
lative hazardous effects of current modes of 
production and consumption is probably highly 
dependent on new and systemic forms of the 
governance of common-pool resources (Ostrom 
et  al., 1994). Going beyond this thinking, a 
complex systems approach is required, given 
that common-pool resources are spread across 
the globe, with weak borders for their extraction 
and no borders for their dispersion nor for solv-
ing the problems resulting from their extensive 
use: i.e. the WEF Nexus.

As will be explored in this chapter, it seems 
essential to view the climate change problem as a 
complex system and acknowledge the concept 
and the WEF Nexus tools as a mandatory ratio-
nality to face the problem. In this system, cities 
are intricately linked to peri-urban agriculture, 

either because it provides food or because it com-
petes for resources such as water and energy and 
is therefore a critical factor in intensifying or 
mitigating climate change. For this reason, it is 
not possible to think about the WEF Nexus with-
out considering these complex relations between 
rural and urban areas, in terms of food produc-
tion, transport, distribution and consumption 
dynamics.

In order to frame and induce the creation of 
innovation roles in the sustainability transition 
processes, the agenda follows an Institutional 
Analysis and Development (IAD) framework 
(Ostrom, 2009), assuming three main dimensions 
of the ecosystemic services approach and socio-
ecological systems, as pointed out by Ostrom 
(2011). Each of these dimensions reveals a set of 
integrated complexity factors related to the 
dynamics of the ecosystemic services approach: 
(a) the physical and material conditions used to 
explore common-pool natural resources for 
human life; (b) the attributes of community, 
human involvement in and perceptions of the use 
of common resources; and (c) rules in use collec-
tive commitments – such as laws and regulatory 
devices – that humans agree among themselves, 
concerning the use of common-pool resources.

According to Ostrom (1990), the IAD frame-
work is:

…an evolving method to identifying and analysing 
interactions between the physical environment and 
sociocultural and institutional realms. The frame-
work links the characteristics of the physical 
world – as forests, with those of the cultural set-
tings – the villages (or, in this more specific case, 
the production systems that use common-pool 
resources of the WEF nexus).

This framework is designed to address the 
expected evolution of the governance of common 
property resources around and within cities, as 
given by the WEF Nexus. In addition, the IAD 
framework (Ostrom, 1998) is designed to pro-
mote and foster “situation arenas” of discussions 
and decision-making processes, involving rele-
vant stakeholders and policy-makers  – and the 
state  – as collective learning, accountability-
based, iterative and interactive evolutionary 
processes.

7 WEF Nexus Innovations: The Institutional Agenda for Sustainability
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Finally, it proved essential to detail additional 
levels of the analytical structure of the innovative 
urban transition agenda. The matrix of institu-
tional factors that can support  action situation 
arenas – or the transition phenomenon in itself – 
is presented according to five factors (Teisman & 
Edelenbos, 2011): strategy (expected actions to 
foster sustainability), object (the structured plan-
ning to achieve the transition goals), form (the 
expected institutional evolution of human sys-
tems that could turn the transition into a reality), 
method (tools and ways to pursue the transition 
process) and logic (actor engagement to manage 
the transition).

The chapter is organized as follows:

• Section 7.1 presents the context in which the 
WEF Nexus will be considered as an institu-
tion for sustainability governance, considering 
the institutional economics approach.

• Section 7.2 explores the role of the WEF 
Nexus in the evolution of a new rationality for 
sustainable urban systems.

• Section 7.3 uses Institutional Analysis and 
Development to prompt the WEF Nexus tran-
sition innovation agenda regarding urban 
sustainability.

• Final considerations about the WEF Nexus 
agenda challenge.

In this context, the WEF Nexus agenda pre-
sented in this chapter helps understand the non-
linear dynamics and evolutionary character of the 
forthcoming sustainable transition in which inno-
vation is a type of pivoting shaft.

7.2  The WEF Nexus 
as an Institution for Urban 
Sustainability Governance

Following the idea that one of the major chal-
lenges surrounding the study of institutions is their 
identification and explanation (Ostrom, 2005; 
Märker et  al., 2018), in addition to the complex 
institutional factors related to the dynamics of a 
relatively new and unique type of institution, those 
that should promote the transition to more sustain-
able human systems are the SMOIs.

The WEF Nexus – as a conceptual path that 
allows for the analysis of a complex system’s 
transition  – considers the dynamics of climate 
change, which cannot be dealt with using basic, 
isolated variables. Despite being an aggregate 
macro-level approach, the WEF Nexus is able to 
embrace climate change target synergies, at the 
same time as providing a framework for its 
dynamics. Thus, it is necessary to explore an 
institutional framework for the sustainability 
challenge, considering the complex systems 
approach to deal with a broad multidimensional 
problem, which is not sensitive to segmented or 
sectorial treatments.

Criticism of the WEF Nexus concept, its diffu-
sion and use as a systemic approach tool for cli-
mate change and transition analysis is, of course, 
expected as part of the human phenomenon of 
analysing how to deal with the global sustainabil-
ity challenge. The institutional change demanded 
by this transition process is however undeniable, 
since the transition itself constitutes the changes 
in a set of rules, behaviours and social commit-
ments underlining this sustainable condition. 
This is why a systemic concept such as the WEF 
Nexus is required, linked with an institutional 
transition agenda, as suggested in this chapter.

The transition represents an innovative and 
urgent journey that requires technological, social, 
financial and environmental innovations focused 
on sustainable growth and a resilient productive 
environment. The arrangements humans use to 
govern and access resources and their actions  – 
including natural innovative resource use, such as 
WEF production systems, distribution, consump-
tion and problem-solving actions to manage these 
resources – involves a new set of innovative rules, 
behaviours, conventions, cognitive and learning 
patterns of choice and social interactions. Thus, the 
sustainability transition is understood here as an 
innovation-based dynamic process. In turn, innova-
tive transition management – to address, at least in 
the short term, changing human motivations and 
rules governing the access to resources – manifests 
itself as the management of institutional change.

This urgent situation creates the “transition-
institution” duality concept, in which the evolu-
tionary process of change can be identified by the 
major challenges regarding the management and 
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governance of the resources system. This duality, 
on the other hand, brings us back to the “tragedy 
of the commons” (Hardin, 1968) issue versus cur-
rent efforts – as this chapter does – to deny that 
such a tragedy is in fact destiny. On the contrary, 
following the logic to implement systems for 
“governing the commons” (Ostrom, 1990)  – 
orchestrating the use and exploitation of com-
mon-pool natural properties and resources – this 
chapter remains in line with the ongoing ratio-
nale behind the entangled challenge surrounding 
a sustainable urban future.

The present analysis is based on the idea of 
improving institutional arrangements to utilize 
common resources (the commons) in such a way 
that does not exhaust them. Referring to Dietz 
et  al. (2002), the commons concept – resources 
such as ecosystems, water supplies and the atmo-
sphere  – can be investigated by understanding 
institutions dynamically.

From the eco-economic common-pool 
resources perspective, this chapter argues that 
WEF Nexus is an innovative institution in itself, 
a prime mover for urban food production related 
to the transition of water and energy resources; 
it discusses two main issues regarding the WEF 
Nexus governance challenge, using (a) the pro-
file of institutions  – rules, agreements, behav-
iours, incentives and laws promoting 
transition – that seek to change “less sustainable 
contexts and ensembles” to create a new ruling 
over the future of the management of urban 
common resources and (b) as an extension of 
the first topic, a new pattern of human “cogni-
tive rules”, understanding that any change 
depends on cognition and beliefs (North, 2005). 
The common thread between both approaches is 
the set of institutions and factors that must be 
systematically analysed to create the agenda for 
the transition. The political science model for 
this transition proposal is given by the collective 
choice and public economics theories and the 
idea that neither markets nor states (Ostrom, 
1990) can carry out such a change; polycentric 
governance systems may be required to manage 
the natural common- pool resources.

From a macro-level approach, the urban tran-
sition process – whereby new “more sustainable” 

ensembles could arise – depends largely on the 
adaptive capacity of this evolutionary (urgent) 
path: society’s effectiveness to create institutions 
that are, considering the global demand for sus-
tainability, productive, stable, fair, broadly 
accepted and, importantly, flexible enough to be 
changed or replaced in response to political and 
economic feedback (North, 2005).

The WEF Nexus approach, from a middle-
range perspective, is strongly related to the dif-
fusion of sustainability-oriented innovation 
(Geels, 2007). The evolutionary economics con-
cept of governance sees economic processes as 
dynamic and constantly changing; technologi-
cal, social, organizational or financial innova-
tions leverage competition and evolution, 
epitomizing the goal of the WEF Nexus 
approach. This is why the so-called innovation-
driven efforts towards new urban sustainability 
standards make complex demands on an evolv-
ing agenda, in which a highly diverse plethora 
of actors including stakeholders, shareholders, 
policy-makers and public and private represen-
tatives must be involved.

A huge variety and number of initiatives and 
efforts are currently in place worldwide to tackle 
the future sustainability challenge, such as 
national ministries, national and supranational 
commissions, national and supranational rules 
embedded in trade agreements, social policy and 
national and transnational policies for environ-
mental protection, among others. Sustainability 
is undoubtedly viewed as a permanent, cross- 
sectional issue.

The constitutionality and functions of the 
WEF Nexus – as SMOI entities – are to carry out 
actions, such as public policies, regulatory con-
texts, laws, rules, routines, productive practices 
and education for sustainable consumption, 
essentially all the “innovation-driven institutions 
for sustainability”. The core mission of these 
entities is to address a set of new human and envi-
ronmental ensembles that increase sustainabil-
ity – whether local, regional or global.

From the evolutionary economics perspective, 
the terms “transition,” “change” and “evolution” 
are highly polysemic. Complementary to this is 
the difference between institutional change and 
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changes derived from institutions’ performance, 
including the level of rationality, intentionality 
and collective choice that led to these changes. 
Clarifying this issue is the starting point for fur-
ther discussions on the so-called institutions for 
institutional transitions, whose mission is to pro-
mote a higher level of sustainability for human 
systems, such as urban ensembles. Thus, it refers 
to a type of institution that purposely aims to pro-
mote transformations in human systems. 
Institutions, themselves, evolve; in this case, they 
face the challenge of purposely designing institu-
tions that can manage coordination systems for 
sustainability.

This is why the institution-transition duality is 
the unit of analysis of this institutional explor-
atory framework. The objective concerns deci-
phering which “governance core competencies 
(Penrose, 1971) and capabilities (Teece and 
Pisano, 2003, apud 1997) and profile of such 
transition- oriented institution, or SMOI, could 
strengthen the role of institutions for urban sus-
tainability”. As Teece (1997) points out, there is 
an ongoing endeavour to specify the nature and 
micro-foundations of the capabilities necessary 
to sustain superior enterprise performance in an 
open economy with rapid innovation and glob-
ally dispersed sources of invention, innovation 
and manufacturing capability.

In our case, this enterprise is the WEF Nexus 
tool, designed to guide the complex, collective 
and evolutionary process of change.

Cities are embedded in diverse local, regional, 
national and international variables, institutional 
factors and policy and political contexts in which 
each kind of transition outlines the transitional 
spectrum challenge – on a global level – to anal-
yse the role and forms of urban sustainability 
governance. Concerning all the factors explored 
by the institutional approach and literature in pre-
vious decades, what are the main institutional 
capabilities of such push-and-pull institutions, 
and what is the main objective of generating and 
diffusing a new global rationale regarding natural 
and human resources? The process and the driv-
ers of urban institutional evolution of sustainabil-
ity involve a collective rationality for transition, 
such as that which the WEF Nexus concept 
addresses.

The institutional diversity (Ostrom, 2005) of 
the transition-driven efforts for a more sustainable 
world is focused on the representative case of the 
reach and capacity of the WEF Nexus as an SMOI 
entity; thus, the huge and multifaceted challenge 
surrounding the institution-transition duality is 
analysed, in terms of the expected evolution of a 
“new” rationality for sustainable cities.

The WEF Nexus conceptual tool has been 
broadly used for investigation and policy-making 
on climate change and common-pool resources. 
A great deal of literature has been generated to 
better understand the complex interactions 
among multiple and common resource systems.

According to Cairns and 
Krywoszynska  (2016), the WEF has become 
increasingly prominent in international science 
policy and natural resource governance circles; 
it is also a buzzword in that it combines ambigu-
ity of meaning, with strong normative reso-
nance, and is being strategically appropriated 
into powerful managerial discourses, making it 
an open “matter of concern” for social 
sciences.

Thus, using a Nexus approach to manage 
common-pool resources is not supposed to be a 
noncritical activity: this conceptual tool, as men-
tioned in the introduction, is adopted as a produc-
tive space for experimentation and collective 
definition of desired institutional values that can, 
in the future, legitimate and support the interests 
of a diverse set of stakeholders concerning the 
climate change issue. It is important to highlight 
that the WEF Nexus was only created and is 
being used because the problem regarding the use 
of common resources already appears to have 
crossed the limits of future planet survival.

Governance  – of the sustainable economic 
exploitation of common- pool resources  – posi-
tions itself in political sciences and political 
economy discussions. This line of thinking came 
from Machiavelli and gained a predominantly 
economic guise from Adam Smith and Thomas 
Malthus. Scarcity conditions, used as a starting 
point by neoclassical economics, are at the heart 
of price theory given the balance between supply 
and demand.

In contrast to the neoclassical dimension, this 
chapter’s theoretical framework follows Elinor 
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Ostrom’s (1990) analysis of the need for a power-
ful authority, anchored in public or private own-
ership of resources; Ostrom studies both the most 
conservative and progressive views of economic 
management of the commons. The author estab-
lishes  – as a main factor of change  – the effi-
ciency of institutional processes of collective 
learning and diffusion, providing the scope for 
the development of a new paradigm of innovation 
economy.

The problem of the disorderly and unlimited 
use of resources shared by various economic 
agents, which can range from pastures to con-
sumer markets, was emblematically resumed in 
Garret Hardin (1968), as previously highlighted; 
the author argues that no agent will exhaust 
resources if an authority (public or private) that 
appropriates the good imposes rules of use 
(Hardin, 1968). This authority would also be fun-
damental to the “free rider” problem, exposed by 
Mancur Olson (1965) when addressing the prob-
lems of collective action, where some agents take 
advantage of the efforts of others and reap the 
rewards, discouraging others to cooperate (Olson, 
1965). In the face of these assumptions, Ostrom 
(1990) asserts that if we consider that authority is 
never omniscient, it is unable to exercise this con-
trol. Thus, collective monitoring, with rules and a 
governance system that respects certain condi-
tions (the rules in use), would exercise more effi-
cient control and would instil a long-term learning 
culture.

That said, the governance of shared resources 
would be focused on the collective regulation of 
two basic aspects of resources: the difficulty of 
“exclusion” of beneficiaries and the “subtractabil-
ity” of resources. The “exclusion” deals with the 
limitations of use, particularly in selecting who 
and how many will have access to the resource, 
thus regulating the offer; the “subtraction” refers 
to the flow, of how much the use of a unit decreases 
the quantity available for new uses.

There are a multitude of shared resources 
related to the matrix of subtractability of use ver-
sus the difficulty of excluding potential benefi-
ciaries (Ostrom, 2009). The common-pool 
resources are positioned at the intersection 
between high levels of these two factors. This 

approach precisely follows the chapter’s main 
heuristic: the transition towards sustainability is 
an evolutionary, iterative and interactive process 
continuously performed by a huge range of 
actors, at different levels of policy demands and 
actions, and involving a sort of geographical 
sphere and level of integration. This option places 
the WEF Nexus concept in the category of insti-
tutions that carry out sustainability governance, 
or, more specifically, those that are mission 
oriented.

Institutions (North, 2005) are systems of 
established and prevalent social rules that pro-
vide structure to social interactions; they enable 
ordered thought, expectation and action by 
imposing form and consistency on human activi-
ties through conventions and collective rules. 
These rules include behavioural norms and social 
conventions as well as legal rules. Members of a 
relevant community share tacit or explicit knowl-
edge of these rules: in the case of climate change, 
we must address human engagement as a whole, 
since the challenge lies in creating a global con-
text and sharing knowledge about how to make 
sure common-pool natural resources are avail-
able for future generations.

In this chapter, which aims to explore the role 
of the WEF Nexus as a sustainability mission-
oriented institution, with a specific and urgent 
mission to develop more sustainable cities, it is 
essential to review such institutionality.

Sustainability is, in itself, an institutionally 
cross-cutting theme: it would be unthinkable to 
have only sustainability-oriented institutions, as 
this “entity” should be implemented and pursued 
through different initiatives in a systemic, unin-
terrupted and comprehensive way. It must be for 
this reason that in the last three or four decades, 
and in parallel with the sustainable thinking pro-
cess, the number of institutions directly or indi-
rectly dedicated to the theme has increased 
exponentially. The sustainability challenge has 
also been viewed as a transdisciplinary agenda, 
which has led to a wide range of institutional 
transformations and the creation and promotion 
of new kinds of sustainability-oriented ones.

It is difficult to characterize and categorize the 
role of sustainability challenges in the restructur-
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ing of objectives and considering institutional 
dynamics. When analysing institutional diversity, 
the national environmental ministries, environ-
mental protection institutes, sustainable produc-
tion departments and NGOs for forest preservation 
and sustainable production, among others, exist 
at the international level, as:
 1. Political and scientific-political organizations, 

whose main objectives are to monitor, synthe-
tize and disseminate knowledge on climate 
change and related actions with global reach, 
highlighting its causes, effects and risks to 
humanity and the environment, such as the 
IPCC7, FAO8 and Belmont Forum, which 
suggest and design ways to combat problems

 2. Funding and policy-making institutions, such 
as the World Bank

 3. NGO global initiatives, such as the Worldwide 
Wildlife Fund (WWF10) and Greenpeace  – 
organizations which were initially more 
focused on preservation issues and now 
include sustainable development on their 
agenda
There is a clear overlapping effect of these 

institutional functions and efforts, in a continuum 
of combined objectives and with different levels 
of institutional mandates.

According to Ménard (2014), institutional 
economics has at least two main branches: the 
“institutional environment” (Davis & North, 
1971), concerning the societal institutions that 
refer to the general rules that frame and constrain 
the behaviour and domain of economic entities’ 
actions; this type of institution is much more 
focused on maintaining and conserving status 
quo. The second type of institutions, again quot-
ing Davies and North, are those called “institu-
tional arrangements”, or “organizational 
arrangements”, such as firms, NGOs, strategic 
alliances and so forth. Ménard uses this differen-
tiation to introduce the question about player’s 
structures and their transaction dynamics. He 
calls these arrangements meso-institutions; the 
WEF Nexus can be characterized in this way.

In the face of the analytical and practical 
demands on institutions involved in the intense 
promotion of sustainability transitions – consid-
ering the emergence of new economic and soci-

etal dynamics – and their supposed and desired 
evolution, a third type of institution seems to be 
emerging: the institutions for institutional 
change, such as the WEF Nexus. These institu-
tions are cross-structural institutions and are key 
prime movers of change. The WEF Nexus is 
among the main institutions presented in this cat-
egory given its scope on the governance of com-
plex systems.

This institutional role of the WEF Nexus con-
stitutes an agenda for change, given:
 1. The size, complexity and the long-term char-

acter of such a challenge, considering the 
expected assertive evolution; this process 
would be the result of interactive and itera-
tive processes that drive the transition, result-
ing in new, more sustainable contexts – related 
to natural resources scarcity – that constrain 
the future behaviour and domain of 
institutions.

 2. The potential structural change in the two pre-
vious types of institutions as a result of this 
challenge – i.e. a new collective rationale for 
new rules, codes, behaviours and conventions, 
in the form of a new pattern of established 
human relations.
These transitions may be seen as part of a 

planned evolution  – even more so in the 
Lamarckist form of biological evolution theo-
ries – as clear and systemic efforts are made to 
make it happen.

As an SMOI, the WEF Nexus permeates the 
majority of transition experiments  – such as 
Belmont Forum’s Urban Living Labs (ULLs) – 
which assumes that the WEF Nexus is a funda-
mental concept in understanding the system’s 
complexity. The experimental variations of this 
kind of initiative involve the understanding and 
definition of an ecosystem for action, a theory of 
urban development, a tool for pilot services and 
an approach to experimental partnerships 
between researchers, citizens, companies and 
local governments (Lerhmann et  al., 2015; 
Voytenko et al., 2016; Keith & Headlam, 2017; 
Scozzi et  al., 2017). Interestingly, according to 
Lehrman et al. (2015), sectors involved in these 
initiatives tend to have different conceptions of it. 
Government institutions generally perceive ULL-
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like experiments as a regional innovation plat-
form for sustainable production, while the private 
sector considers it more as a method of innova-
tion. The WEF Nexus concept is however the cor-
nerstone of sustainable systems, despite the 
diversity of initiatives and experiments. 
Moreover, such initiatives present multiple func-
tional logic, given their institutional settings, the 
time horizons and research functions (Keith & 
Headlam, 2017). Some of these experiments can 
be established by local public administration, 
looking for cost-effective solutions for problems 
at the city level. This could involve a neighbour-
hood, be part of a global initiative or appear in the 
form of a partnership between research institu-
tions and a municipal government as well as a 
network of city stakeholders and industry.

A central point in harvesting the concept of 
the WEF Nexus-based experiments is to find 
common ground; in other words, urban living 
labs will typically combine field experimentation 
and innovation methods that allow for the transla-
tion of long-term visions into more concrete and 
operational services and therefore provide a more 
suitable environment for behaviour change in 
users (Voytenko et  al., 2016; Blühdorn, 2011, 
2013). The employment of a service that is under-
stood can shed light on how new behaviours and 
new ideas are supported by existing institutions. 
In environmental analysis, for example, institu-
tions and adaptive capacity are deeply linked. 
According to Wise et al. (2013) the prevalence of 
changes and responses that cross spatial scales, 
sectors and jurisdictional boundaries can lead to 
threshold effects. Urban “borders”, in this con-
text, are difficult to define. This is why coopera-
tive interdisciplinarity in the form of transition 
experiments mediated by the WEF Nexus con-
cept is such an important tool in tackling the tran-
sition to sustainable systems. Despite the 
diversity of experiments and their partial results 
in terms of understanding transition processes, 
they must not be seen as isolated cases of institu-
tions that carry out institutional transition. Their 
structure and dynamics can be evaluated consid-
ering the conceptual evolutionary capability of 
the WEF Nexus, in order to prompt the transition 
processes.

7.3  The Role of the WEF Nexus 
in the Evolution of a New 
Rationality for Sustainable 
Urban Systems

The unit of analysis of this institutional frame-
work analysis is the institution- transition duality. 
This duality is based on the assumption that 
humanity must proceed to a more sustainable 
future. But who establishes and governs the pat-
terns and rules concerning what is “sustainable”? 
Institutional values do not exist in a vacuum but 
result from sets of social relations that legitimate 
and support the interests of groups with a stake in 
existing constraints and that have the resources to 
make such constraints dominant (Matthews & 
Sydneysmith, 2010; North, 1990; Blühdorn, 
2011, 2013).

What is the WEF Nexus’s role in the institu-
tional transition known as the “sustainable 
world”? Who are the prime movers and agents of 
such a transition process? Which kind of gover-
nance is expected for a more sustainable world – 
since global sustainable scenarios are 
collective – that goes beyond the national devel-
opment perspective that is currently deeply 
asymmetric?

Consider that the problem is dependent on the 
assumption that climate change is a complex sys-
tem, and then assume the concept and the WEF 
Nexus tools are a new rationality seemingly 
essential to face the problem. It is necessary to 
end current consumption tendencies to resolve 
this issue; the “collective irrational choice” con-
cerning the uses and exploration of actual natural 
resources by humanity may be a starting point for 
this discussion. The institutional approach has 
struggled with the bounded or unbounded ratio-
nality; in this case, the issue appears to be the 
unbounded irrationality concerning the global 
modes of production and consumption. It is, of 
course, a common-pool resources issue (Ostrom 
et al., 1994), but may be the most complex case 
civilization will face for some time.

Adaptation governance (Bisaro & Hinkel, 
2016) or, in this paper’s approach, the gover-
nance of transition, is in this sense, a pillar of the 
discussion on why institutions emerge and how 
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they enable or constrain adaptation. This branch 
of literature assumes the term “adaptation” as a 
semantic approach present in the technical litera-
ture on climate change, as the IPCC reports.

The institutional approach has been using the 
term “transition” as a correlate of the “adaptation 
process” that permeates the technical literature, 
such as the IPCC. The latest report (IPCC AR5) 
highlights the governance concept 36 times; in 21 
of them, the relations between governance and 
institutionality are expressed in the following 5 
groups of related constructs:
 1. Common enabling factors and constraints for 

adaptation responses: institutions, governance 
and innovations.

 2. Building adaptative capacity: complex chal-
lenges that demand governance structures, 
new institutions and new institutional 
arrangements.

 3. Adaptation and mitigation are constrained by 
the inertia of global and regional trends in 
economic development: institutions as well as 
improving governance coordination and 
cooperation can help overcome constraints.

 4. Policy coordination and the ability of actors to 
adapt depend on institutional arrangements.

 5. International forums have been focused on 
addressing climate change with nearly univer-
sal participation: a growing number of institu-
tions are organized at different levels of 
governance, which has resulted in the diversi-
fication of international cooperation on cli-
mate change.
In order to understand the potential mecha-

nisms of transition and its governance challenge, it 
is fundamental to explore the ways in which atti-
tudes and norms, as well as individual behaviours, 
express the outcomes of social dilemmas 
(Borjesson, 2009). Social dilemmas occur when 
society or group members find themselves in con-
flict over creating or using shared public goods. 
Although each individual would be better off ful-
filling their own private interest and denying 
socially cooperative choice, it is a fact that all indi-
viduals, as a group, are better off if all of them 
cooperate (Dawes, 1980; Gifford, 2006). This is a 
basic question of rational and irrational decision-
making. Putting it another way, we could ask, as in 

Blühdorn (2013), why, if the ecological discourse 
and urgency of culture change and structural trans-
formation has never been so widely accepted, have 
efforts of many activist movements and academ-
ics, as well as some government agencies, from a 
local to global level, still not achieved the change 
in the development trajectory of modern societies? 
One reason may be due to contemporary societies’ 
“(...) ever expanding needs in terms of mobility, 
technology or shopping opportunities having 
become essentially non-negotiable” (Blühdorn, 
2011, 2013). This is particularly representative of 
urban living scenarios.

Assuming that well-being and quality of life 
must meet these expanding needs, how is it so 
that at the same time, society is being flooded by 
awareness campaigns on the crucial role of sus-
tainability? One pathway may be understanding 
that such consumer habits should not be seen as 
obstacles to progress but as new information. 
References to paradigm shifts, old and new theo-
ries and methods have always coexisted (Lara, 
2015; Borjesson, 2009). There is therefore an 
opportunity to develop further knowledge on 
societal rationality. People tend to disregard 
things as “old”, and this allure towards all things 
new is “(...) one driving force in the mismanage-
ment of our resources and not least in the creation 
of waste” (Borjesson, 2009).

A serious analysis must take into account the 
reconfiguration of modern societies concerning 
principles of individual freedom, choice and self- 
determined self-realization. These principles 
appear to conflict with the sustainability dis-
course as they are often “(...) based on acceler-
ated consumption; highly complex, flexible and 
open to internal contradiction in ways that are 
incompatible with any notion of ecological vir-
tues or an ethics of ecological duty or responsi-
bility” (Blühdorn, 2013). In essence, this is the 
social dilemma, the conflict shown by Hardin’s 
“tragedy of the commons”, in which he stated 
that each person in society was locked into a sys-
tem that compels him to increase his win without 
limit, in a world that is limited (Dawes, 1980). 
However, to acknowledge and manage this con-
stant influence of non-rationality is fundamental 
to developing transition methodologies.
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According to the founders of the concept of 
the “wicked problem”, that is, one with a very 
complex solution (Rittel & Webber, 1973), the 
most burdensome problem is defining what a 
specific problem is (to distinguish an observed 
condition from a desired condition) and locating 
where, within a complex network, the problem 
really lies. Hence, the challenge lies in how to 
address rationality within the sustainability 
debate. Unlike rational choice theory, which 
assumes that the individual has unlimited ana-
lytical capabilities and perfect information at 
hand, Elinor Ostrom states that human beings 
have bounded rationality, that is, it is limited 
and adaptive (Lara, 2015). In line with this 
statement, policy approaches, directly deter-
mined by citizens and looking to respond to 
their demands, may well imply even less sus-
tainability (Blühdorn, 2013). The social 
dilemma research acknowledges that decision-
makers do not all make the same choices 
because choices arise from the individual’s 
experience of interacting with the world and 
patterns of influence, as well as shared culture 
and preferences, or shared mental models (Lara, 
2015; Gifford, 2006; Gargia-Parpet, 2013). 
Hence, given the presence of incomplete infor-
mation combined with the limited and selective 
analytical ability to identify problems, and all 
the possible solutions and consequences, indi-
viduals will sometimes make irrational deci-
sions (Lara, 2015).

Irrational problems are not “wicked”, but they 
require novel approaches that acknowledge irra-
tionality, according to Blühdorn (2013), by 
addressing the mechanisms that enable unsus-
tainability to be sustained and their social and 
ecological implications managed. Again, consid-
ering “complex systems governance”, or “wicked 
systems” of the collective irrationality that per-
meates the recent modes of production and con-
sumption, and “adaptative” or “evolutionary” 
overly generic terms used to understand the tran-
sition challenge through sustainability, the scope 
and success of action for institutional change 
seems to be strongly linked to the learning con-
cept (Hodgson, 2017), particularly collective 
learning processes.

7.4  Understanding WEF Nexus 
Dimensions Through 
Institutional Development 
Analysis for Future 
Sustainable Systems

The management of the social and planetary 
dilemma of the risk of resource scarcity – the ice-
berg being climate change – is treated here as a 
matter of political economy. The WEF Nexus is a 
conceptual tool to deal with this context.

This section offers an institutional framework 
for the WEF Nexus as sustainability mission-ori-
ented institutions (SMOI), based on the follow-
ing assumptions that they:
 1. Are essentially innovation-driven institutions, 

in which performance is shown through social, 
technological, organizational and institutional 
innovation (Geels & Schot, 2008; Kemp et al., 
1998); policy-making dynamics is a key issue 
in the diffusion of sustainable ensembles.

 2. Are supposed to be structured as learning 
adaptative institutions, demanding iterative 
and interactive permanent behaviours such as 
networking, learning-by-doing and learning-
by-interacting cooperative and interorganiza-
tional processes (Cohen & Levinthal, 1989, 
1990; Sabel, 1993), presenting strong absorp-
tive capacity to understand and react to new 
sustainable demands (Mowery & Rosenberg, 
1989; Arora & Alfonso, 1990, 1994).

 3. Make demands on the huge plethora of institu-
tional constructs: rules, incentives, laws, 
behaviours and expectations (Hodgson, 2017).
Integrated with these assumptions, the present 

work is based on the analytical structure of socio-
ecological systems, as pointed out by Ostrom 
(2011), in order to operationalize the prioritiza-
tion rule using the IAD conceptual framework.

The commons issue must be revisited, in order 
to qualify the WEF Nexus as a conceptual tool, in 
the context of the political economy of natural 
resources. There is a distinction (Ostrom, 1990) 
between the characteristics of “provision”, or the 
regulation of the conditions to supply resources, 
and “flow”, the regulation of modes of use in 
terms of the demand for resources (their “sub-
tractability”). In IAD, each rule is classified 
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according to the impact it has on the analysed 
“action situation”, and patterns resulting from 
interactions can be defined and evaluated.

Three dimensions of the commons exploration 
by humankind frame the IAD tool, as follows:
 1. The physical and material conditions, con-

cerning the world’s physical (and biological) 
attributes, such as water or land, and the kind 
of human exploration processes that will be 
applied, such as capital

 2. The attributes of community: the actors 
involved and their level of cohesion, in terms 
of compliance with rules that can lead to the 
governance of the ecosystems

 3. The rules in use: the set of human agreements, 
laws, regulatory devices and incentives, as 
decisive in defining the rules of interactions 
between the participants of the commons’ 
exploration and uses
The IAD approach was chosen due to its 

intrinsic rationale and relevance to the SMOI 
problem, namely:

• It provides a systematic approach to analysing 
the institutions that govern actions and out-
comes in collective arrangements (Ostrom, 
2009), just as the SMOI case represents, in 
particular due to its nature  – the rational 
planned transition goal and demand for col-
lective decision-making.

• SMOI goals are highly dependent on interac-
tive and iterative processes, and, from the IAD 
perspective, institutions are defined as a set of 
prescriptions that people use to organize all 
forms of structured and repetitive interactions, 
such as rules and norms (Ostrom, 2005).

• The spectrum of the IAD approach – in which 
analysis of the problem can take place at multi-
ple levels – operational, where individuals make 
daily choices and collective decisions, focused 
on operational rules, or at the constitutional 
level, where rules, incentives or any other col-
lective constraints represent collective choice.

• The analytical focus of the IAD is the action 
arena, composed of actors who take part in 
action situations, involving choices of social or 
individual order, from which patterns of inter-
action derive and a new pattern of interaction, 
concerning the sustainable future, is expected.

The action situation, as the social space in 
which people interact and make trade, can be 
used to describe, analyse and explain behav-
iours within an institutional arrangement since 
cities are, by definition, civilian spaces, and 
actors within the action situation may make 
assumptions regarding variables that are directly 
related to the issue of urban sustainability gov-
ernance: (i) the resources actors bring to the 
action situation; (ii) the channels actors use to 
obtain and maintain information on the problem 
they are involved in; (iii) the state of the art and 
the state of the world and actions actors bring to 
the situation and (iv) the path that the action 
actors choose.

Since the institution-transition construct pres-
ents revolutionary and evolutionary characters, a 
multi-criteria approach is designed, considering 
the IAD’s three dimensions – physical and mate-
rial conditions, attributes of community and rules 
in use with five institutional governance factors:
 1. “Strategy” represents the action-oriented sys-

tem through which the sustainability transi-
tion presents an objective to be achieved.

 2. “Object” deals with the formal structure of the 
transition actions, subject to human behaviour.

 3. “Form” concerns the structure and evolution 
of the institutions that can evolve gradually or 
in leaps, in order to achieve the transition.

 4. “Method” considers the way in which change 
is promoted and which prime movers are 
involved, the desired future planning and how 
the transition is achieved.

 5. “Logic” is the idea that the transition is sup-
posed to be carried out by actual involved 
actors – who are capable of taking the transi-
tion processes forward, in a managed and 
complete way.
The following tables present the WEF Nexus 

Innovation Urban Governance Agenda,1 from the 
IAD dimensions, to qualify the actions and com-
petences needed to achieve the urban sustainable 
transition (Penrose, 1971) (Tables 7.1, 7.2, 7.3, 
7.4, and 7.5).

1 For greater immersion in the topic, an expanded and 
annotated version of the agenda is presented in the supple-
mentary material in this chapter (Annex 7.1).
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Table 7.1 Strategies of WEF Nexus governance: From the IAD dimensions

Institutional and 
Development Analysis 
dimensions/factors Attributes of community Rules in use Physical and material conditions
Strategy:
action orientation to 
achieve sustainability

Promote collective values, since 
the main attribute of a 
community to achieve the 
transition is awareness of the 
issue (Geels & Schot, 2008).
Motivating local and regional 
education, skills and capabilities 
for sustainable practices and 
markets (Wieczorek et al., 
2015).
Foster micro-adaptive capacity 
and resilience capabilities 
exhibited by small farmers and 
native communities, given the 
strategic importance in facing 
climatic change.
Foster meso-adaptative capacity 
and resilience capabilities 
according to the industrial 
scaling up of agribusiness and 
any other industrial activities.
Foster network and producer 
cooperatives and network 
effects (Katz & Shapiro, 1994), 
since the low diversity of small 
holders’ production may have 
little value alone, but generate 
higher value when combined 
with others, in a structured 
business (Ferrari et al., 2019).
Promote iterative experiments 
of sustainable production and 
consumption – at the city or 
district level – to foster new 
arrangements of rules (Madsen 
& Hansen, 2019; Coutard & 
Rutherford, 2010; McCormick 
et al., 2013; Williamson, 1993).
Create integration capabilities, 
since the mission to monitor the 
change depends on the ability to 
integrate new actors, groups and 
demands, in addition to new 
institutions arising during the 
process (Giddens, 1984; Nelson, 
2008).
Monitor science’s methods of 
communication and how it 
relates to what may or may not 
be perceived as truth (Servaes & 
Lie, 2014).

Apply permanent 
efforts to 
understanding the 
transition process of 
cognitive rules 
(Greif & Mokyr, 
2017), since the 
orientation of the 
action, regarding the 
new rules for 
sustainable 
ensembles, depends 
on a framework of 
informal rules that 
are internalized in 
the community 
(Greif & Mokyr, 
2017; Ostrom, 
2005).
Perform permanent 
and effective actions 
surrounding 
sustainable policy 
analysis, policy 
decision-making 
and policy 
framework 
proposals (Geels, 
2011; Lindblom, 
1979; Polski & 
Ostrom, 1998; 
Ostrom, 1999).
Adopt and address 
the public choice 
approach regarding 
public policy 
demands on the 
circular economy 
(Geissdoerfer et al., 
2017; Meira, 2014; 
Dagnino, 2012; 
Ostrom et al., 1961, 
1994; Ostrom, 
1990).

Remain up to date with 
policy-making and 
implementation based on 
collective constraints and 
mechanisms for the diffusion 
of sustainable innovation 
(Kemp et al., 1998; Kemp, 
2010; Ostrom et al., 1994; 
Kemp & Rotmans, 2009).
Provide incentive systems for 
sustainable innovations 
(Scotchmer, 2004) through 
property rights and patent 
policies, regulation, social 
norms in production chains and 
consumption systems, 
reduction of transaction costs 
for sustainable system value 
chains and tax incentives for 
sustainable innovation (Pereira 
& Pereira, 2019; Silva et al., 
2021; Lliso et al., 2021; Aza 
et al., 2021).
Conceptual use and adaptation 
of the national innovation 
system, its elements and how it 
interacts in the production, 
diffusion and use of new 
knowledge related to a 
sustainable future (Freeman, 
1987; Dosi & Orsenigo, 1988; 
Lundvall, 1992; Nelson & 
Rosenberg, 1993; Dal Poz, 
2006).
Perform policy-making to 
foster and maintain prevalence 
of complex and diversified 
modes of production, such as 
traditional knowledge-based 
cropping systems and 
alternative uses of biodiversity 
(Esposti, 2012).
Policy-making for 
environmental sustainability – 
such as natural biomass and 
biodiversity preservation and 
their sustainable use, combined 
with social and economic 
development.

7 WEF Nexus Innovations: The Institutional Agenda for Sustainability



126

Table 7.2 Objects of WEF Nexus governance: From the IAD dimensions

Institutional and development 
analysis dimensions/factors

Attributes of 
community Rules in use Physical and material conditions

Object of the transition goals Adopt a transition-
oriented long-term 
perspective (Ostrom, 
2011; Halliday & 
Glaser, 2011; 
Martínez-Fernández 
et al., 2021; Felicetti 
et al., 2015).
Monitor the 
evolution of the 
concept of a 
transition towards 
sustainability, 
regarding its policy 
and political 
dimensions (Kemp & 
Rotmans, 2005; 
Kemp et al., 2007; 
Geels, 2011).
Promote education, 
skills and 
communication for 
transition: based on 
the linear economy 
of the “take-make- 
use-dispose” model 
of production, 
distribution and 
consumption 
(Andrews, 2015), as 
a planned 
obsolescence market 
rational (Coase, 
1972; Waldman, 
1993) to a 
regenerative 
approach of resource 
use (Ellen 
MacArthur 
Foundation, 2016; 
Fracalanza, 2013).

Make effective 
sustainable policy 
prescriptions (North, 
1990; Ostrom, 2005), 
to ensure the rules for 
the desired transition 
remain transparent.
Define and implement 
rational planned 
transition goals (Nill & 
Kemp, 2009; Elzen 
et al., 2005; El Bilali, 
2020).
Promote the rule of law 
from a sustainable 
future perspective, at 
the national and 
international levels, 
according to the United 
Nations Development 
Goals, upward and 
downward 
accountability in 
institutions, enhanced 
participation, freedoms 
and capabilities, in 
order to improve the 
baseline for developing 
countries and poorer 
global populations 
(Gupta & Vegelin, 
2016; Gupta & Baud, 
2015).

Follow sustainable governance 
indicators, data and reports on 
national and international 
climate change investigation 
initiatives and their impacts in 
countries, sustainability efforts 
or counterfactual efforts 
(Schmidt-Traub et al., 2017; 
Sustainable Development 
Solutions Network, 2015; 
IAEG-SDGs, 2016; OECD, 
2013).
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Table 7.3 Form of the WEF Nexus governance: From the IAD dimensions

Institutional and 
Development Analysis 
dimensions/factors Attributes of community Rules in use Physical and material conditions
Form: the structure 
and evolution of 
mission-oriented 
institutions

Promote the creation of 
transition-oriented institution 
networks, as meso-level 
initiatives – from global to 
country dimensions.
Perform permanent effective 
efforts to model complex 
systems: mapping the nexus 
among resource uses in order 
to reduce its 
dysfunctionalities (Bazilian 
et al., 2011; Zhang et al., 
2018; Gupta & Vegelin, 
2016).

Adopt a model 
to understand 
and follow the 
diffusion 
processes of 
clean or 
eco-innovation 
(Kemp & Volpi, 
2008).
Analyse 
transnational 
coalitions and 
coordinated 
efforts through 
sustainability 
in the form of 
international 
agreements, as 
pool resources 
and coordinate 
state policies, 
that provide 
cooperative 
gains for 
sustainability 
global patterns 
(Böhmelt e 
Butkutė, 2018; 
Roggero et al., 
2019); this 
procedure can 
guide the 
emergence and 
evolution of 
new SMOI 
forms (Bennich 
et al., 2021; 
Zihare et al., 
2021).

Foster technological, social, 
environmental and organizational 
sustainable innovation solutions under 
an ecological economics perspective 
(Romeiro, 2012) and eco-innovation 
perspective (Kemp, 2010; Rennings, 
2000; Boulding, 1966; Kemp, 2010)
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Table 7.4 WEF Nexus Governance methods: From the IAD dimensions

Institutional and 
Development 
Analysis 
dimension/factors

Attributes of 
community Rules in use Physical and material conditions

Methods: the 
prime movers to 
promote 
transitions

Carry out 
educational 
initiatives with 
sustainability as 
the theme (Vare & 
Scott, 2007; 
McKeown, 2002) 
at local, regional, 
national and 
international 
levels.

Remain up to date with public 
regulation and self-regulation 
arrangements through certifications, 
codes of conduct and standards 
(Fuchs, 2007; Benites-Lazaro et al., 
2018; Ostrom, 1998).
Creation of markets to upscale new 
green technologies (Sengers et al., 
2019; Gaganis et al., 2021; 
Gómez-Baggethun et al., 2010).
Implementation of tax exemptions 
in order to create economic 
incentives to move towards more 
sustainable production (Madsen & 
Hansen, 2019; CEU, 2021; Hatta & 
Haltiwanger, 1986; Danish Energy 
Agency, 2015; Berlingske Business, 
2016).
Deregulation of high negative 
environmental impact utilities 
industries, exposing this sector to 
new pressures, leading to the 
emergence of more sustainable 
alternative technologies, more 
sustainable organizational and 
resource innovative modes of 
production and natural resource uses 
(Berkhout et al., 2009; Magat & 
Viscusi, 1990; Laplante & Rilstone, 
1996; Dasgupta et al., 2001; Foulon 
et al., 2002; Kemp & Rotmans; 
2001; Joskow, 1998).
Closely monitor “operational rules”: 
the regulatory dimension of the 
management methods and the level 
of diffusion of shared sustainable 
protocols and practices (Kemp et al., 
1998).
Test and validate instruments related 
to understanding the transition 
process, since the goal to end 
poverty and build shared prosperity 
is sustainability (World Bank 
Agenda 2030, 2021; Gupta & 
Vegelin, 2016).

Decision-making methods based 
on environmental monitoring 
techniques, such as satellite and 
earth monitoring systems for 
climate change and scientific 
production analysis (Martínez-
Fernández et al., 2021; Belucio 
et al., 2021; Feroz et al., 2021; 
Tsaples & Papathanasiou, 2021; 
Zihare et al., 2021).
Use the existing tools and 
methods to create new ones with 
technological, social and 
organizational foresight, in order 
to understand the evolution of the 
transition of complex systems 
towards sustainability (Martin, 
1995, 2010; Magruk, 2011).
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Table 7.5 Logic of the WEF Nexus governance: From the IAD dimensions

Attributes of community Rules in use
Physical and material 
conditions

Logic: management 
of actors involved in 
sustainable policy 
processes

Analyse the multiple narratives, 
epistemes and paradigms of 
sustainability from a political 
perspective: governance, rational 
choice, agency and institutional 
approaches (Bevir & Rhodes, 2001; 
Thaler, 2000; Etzioni, 1996; Ostrom, 
2000).

Analyse collective 
governance processes 
(Ostrom, 1990).

Foster regulatory, 
legal and tax 
advantages for 
sustainable 
production and 
environmental 
services (Gómez- 
Baggethun et al., 
2010).
Include “social 
technology” and 
“solidary economy” 
concepts (Dagnino, 
2012; Meira, 2014, 
Rodrigues & 
Barbieri, 2008), as 
channels to 
strengthen small 
user- oriented 
innovations 
(Rodrigues & 
Barbieri, 2008; 
Benini et al., 2012).

7.5  Final Considerations

The analytical study of the future sustainable 
systems agenda presented in this chapter is not 
intended to be exhaustive or complete. It repre-
sents an ongoing effort, which can be used as a 
starting point in order to move forward and 
increase the understanding of and efforts 
devoted to collective action aimed at transition. 
It is also necessary to consider that the sustain-
ability agenda is a dynamic object, a horizon 
that moves as some degree of transition is 
achieved or fails to evolve as initially thought. 
This is particularly important since agendas 
such as this are defined as ex ante by agents 
whose character and demands are also change-
able and whose implementation potential and 
conditions can be easily changed.

In this context, an effort like this, to prompt 
the transition phenomenon challenge – from the 
perspective of the WEF Nexus concept  – can 
show, at the very least, the multiplicity, complex-
ity and tangled character of collective thinking 
and actions aimed at achieving the transition to 
sustainability. This tentative agenda can be seen 
as a skyline, a moving horizon that, despite 
incomplete, captures the multifaceted nature of 
this human challenge.

The political, social, economic and environ-
mental aspects involved in this agenda are limit-
less, in that it is configured as a multi- and 
meta- disciplinary ensemble cast viewed as an 
open collective agenda. Add to this the fact that 
managing an innovative set of sustainable sce-
narios is a complex system of factors that must 
be considered in the diffusion of innovation as 
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an uncertain and highly risky set of 
phenomena.

The WEF Nexus concept can be adopted so 
that it can continue to apply to new patterns of 
organization demanded by the transition pro-
cesses towards sustainability. It can be under-
stood as a collective new mindset that guides 
sustainability-driven (a) policies, and their related 
policy dynamics; (b) markets, and their entry bar-
riers, competitive struggles and necessary finan-
cial innovation, remembering the creative 
destruction of “old” markets; and (c) capacity 
building for new, sustainable production and dis-
tribution processes, new consumption behaviours 

and new rules in use, in an accountability-based, 
iterative and interactive evolutionary process that 
must be faced together, given the current demands 
surrounding the exploration of common 
resources.
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 Supplementary Material

Institutional and 
Development Analysis
Dimensions/Factors

Attributes of Community Rules in Use Physical and Material 
Conditions

Strategy: Action 
orientation to achieve 
sustainability 

Promote collective values, since the main 
attribute of a community to achieve the 
transition is the awareness of the issue 
(Geels and Schot, 2008). 
One strategy to maintain sustainability as a 

transition process is to address and sustain a 

relationship with the most important 

collective values in a community, even if only 

to question them. This depends on the 

dissemination of knowledge in a way that the 

population understands the importance of 

Apply permanent 
efforts to 
understanding the 
cognitive rules applied 
to the transition 
process (Greif and 
Mokyr, 2016), since the 
action, regarding the 
new rules for 
sustainable ensembles,
depends on a 

Remain up to date with 
policy making and 
implementation based on 
collective constraints and 
mechanisms for the 
diffusion of sustainable 
innovation (Kemp et al., 
1998; Kemp, 2010; 
Ostrom et al., 1994). 
The diffusion of clean 

technologies through new 

Annex 7.1 The WEF Nexus agenda: expanded and annotated version
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Annex 7.1 continued

change, since, as a public policy, institutions 

and their actions - committed to promoting 

change towards more sustainable standards 

must be legitimate. This is the case of the 

Multi-level Perspective for Strategic Niche 

Management (Geels and Shot, 2008), 

surrounding the diffusion of new clean 

technologies which are less likely to reach 

markets (such as solar technologies), due to 

the prevailing technologies (such as fuel-

based energy technologies). Thus, the authors 

created a third dimension, which goes beyond 

the management of niches and market 

regimes, avoiding the trap of market power in 

which is the socio-cultural and political 

environment capable of strengthening the 

process of adopting new clean technologies 

(Geels and Schot, 2008), for instance, when 

consumers do not buy food in non-renewable 

plastic packaging. 

Motivating local and regional 
education, skills and capabilities for 
sustainable practices and markets 
(Wieczorek et al., 2015). 
Scaling up agroecological or any other 

sustainable approaches for production and 

distribution chains is essential to making the 

transition a reality. Wieczorek (2015) argues 

for a move away from a predominantly 

national approach to transition studies to 

embrace a multi-scalar understanding of 

transition processes. For instance, The 

Brazilian R&D Agroecological Enterprise 

both in environmental and in food security 

terms. It consists of a fish tank, chicken coop, 

earthworm farm, hydroponics and a compost 

shelter, in addition to a peripheral vegetable 

patch. The entire system reutilizes water from 

the fish tank, which reduces production costs 

and increases food supply, since fish faeces 

are a powerful fertilizer for plants and is 

wasted in conventional fish farming. The 

system was developed to guarantee food 

security in small subsistence properties, or 

small production units for sale. However, the 

idea and central scheme of the almost 

complete reuse of resources, the reuse of fish 

farming water and fenced farm animals for 

fertilization, autonomy in local fertilizer 

production, could be incorporated into 

medium and large productions in more 

sustainable models of production. 

Nevertheless, for this to take place, the 

development of innovations and outputs with 

international and local impact is fundamental. 

Foster micro-adaptive capacity and 
resilience capabilities exhibited by small 
farmers and native communities, given the 
strategic importance in facing climatic 
change. 

framework of informal 
rules that are 
internalized in the 
community (Greif and 
Mokyr, 2016; Ostrom, 
2005). 
The implementation of 

innovations 

(sustainable) involves 

rational market games. 

In this interactive 

dynamic, informal rules 

are shared between 

agents that may or not be 

formalized over time. 

These rules emerge in a 

latent manner from the 

practical movements of 

society. These tacit 

patterns are known as 

emerge as adaptations of 

new realities resulting 

from the economic 

disputes that occur along 

the diffusion processes 

of new technologies.  

Understanding how 

these standards emerge 

and their impacts are 

fundamental to 

monitoring the change 

processes.  

Perform permanent 
and effective actions 
regarding sustainable 
policy analysis, policy 
decision-making and 
policy framework 
proposals (Geels, 2011; 
Lindblom, 1978; Polski 
and Ostrom, 1998). 
Sustainable policy 

analysis does, of course, 

fall under the complex 

umbrella of policy 

making theories. The 

main issues regarding 

policy making, despite 

the intertwined 

theoretical and 

conceptual approaches, 

are policy affordability, 

access and 

accountability factors, 

which also apply to the 

challenge of the 

sustainability policies 

analysis.  There is a 

multiplicity of 

approaches within a 

complex set of 

variations that takes 

relative factors into 

account such as the 

markets presents strong 

entry barriers, due to the 

competitive advantages of 

technologies. Sectors tend 

to be taken-over by 

sustainability-oriented 

change to create market 

competition strategies that 

prevent transition, such as 

oligopoly effects and 

market lock-in, thus holding 

on to mature technological 

innovation markets. These 

collective control 

mechanisms based on 

market structures prevent 

eco-innovation from 

gaining scale. Hence the 

need for a policy approach 

to sustainable innovations, 

which goes beyond a mere 

extension of sustainability 

policy. The systemic 

approach to eco-innovation 

therefore needs to be on a 

multi-scale perspective 

(micro, meso and 

macroeconomics), and 

interdisciplinary 

(sociological and political 

science). Such policies 

focus on socio-political 

demands directed towards 

the development and 

diffusion of sustainable 

technologies.  The literature 

on this transitioning policy 

issue (Kemp and Rotmans, 

2009) discusses the so-

called windows of 

opportunity  for those 

technologies from a new 

integrated policy ensemble: 

a) effective governmental 

policy integration regarding 

sustainable technologies, b) 

long-term thinking for 

short-term action in order 

to maintain sustainable 

project experiments of 

search and selection as ex-

post processes, c) keeping 

multiple options of 

substitution technological 

candidates open, d) 

learning-by-doing during 

technological selection and 

learning-by-doing 

processes to foster the 

diffusion of sustainable 

technologies.  

Incentive systems for 
sustainable innovations 
(Scotchmer, 2004) 

Institutional and 
Development Analysis
Dimensions/Factors

Attributes of Community Rules in Use Physical and Material 
Conditions
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Annex 7.1 continued

Indigenous communities and small farmers 

who live close to or within preserved natural 

areas are examples of harmonious 

coexistence with the environment, through 

less aggressive forms of production. These 

groups demand certain specific innovations 

to guarantee subsistence and food security as 

well as to maintain their sustainable practices. 

Many organic farming techniques such as 

biological control, companion plants and 

agroforestry systems, are traditionally used 

by indigenous communities, riverside 

dwellers, and other traditional communities. 

These techniques can be improved to enhance 

their economic use and environmental 

performance in traditional communities 

themselves or implemented into processes of 

transition to sustainability in other contexts, 

such as a scalable bioeconomy. There are 

many experiments on agrarian reform 

settlements and small farmers that have 

successfully used these traditional 

techniques, with scientific and technological 

advancements, to produce certified organic 

foods. This combination of traditional 

ancestral agriculture and innovations in 

agricultural and organizational processes 

means the difference between the poverty line 

and the sustainable insertion into the market. 

Thus, operating through cooperative 

solidarity economy ventures combined with 

technical support and the development of 

social technologies is what has made the 

difference. 

Foster meso-adaptative capacity and 
resilience capabilities by the industrial 
scaling-up of agribusiness and other 
industrial activities. 
Some of the techniques used in traditional 

agriculture can be used or adapted for more 

resilient scalable production. But, just as for 

smallholders and traditional peoples, 

demand-oriented technologies, whether 

organizational, processes or products, are 

essential to increasing the degree of 

sustainability in agribusiness large-scale 

operations. The no-till system, the use of 

biological control, the use of fertilizers of 

animal and vegetable origin are some of the 

examples of the use of traditional techniques 

in the agro-industry. However, agro-industry 

developments accompany the latest 

technologies. The transition to agricultural 

sustainability on an industrial scale therefore 

requires adapting sustainable technologies 

from other agricultural or industrial contexts, 

as well as developing technologies specific to 

the context. Different types of innovations, at 

the different stages of the production process 

must constantly be adapted: including new 

storage techniques and structures, less 

pollution and less expensive industrial 

processes, transport and production with 

lower greenhouse gas emissions and water 

consumption.

rationality pattern of the 

decision makers and the 

role and extension of 

information in the 

decision-making 

process. The main 

polarization occurs 

between incrementalism 

based on the bounded 

rationality concept of 

the decision-making 

process, and the rational 

model - in which 

problems are understood 

environment is 

consensual, and the 

process is permanently 

under control. Carrying 

on the issue of policy 

analysis for the case of 

climate change and the 

sustainability challenge, 

and given the 

complexity of the topic, 

at least two analytical 

streams can illustrate the 

socio-technical 

reinforcement of the 

roles and dynamics of 

actors in decision-

making processes, 

concerning transition as 

system innovation, and 

not a partial redesign or 

change in the 

optimization system. 

The first which 

addresses the idea of 

demands for collective 

decisions - was analysed 

by Geels (2011), 

considering that: 

sustainability transitions 

are goal-oriented or 

that they address 

persistent 

environmental 

problems, whereas 

many historical 

transitions were 

entrepreneurs exploring 

commercial 

opportunities related to 

new technologies).  The 

second is driven by the 

institutional economics 

strand (Ostrom, 1999), 

in which sustainable 

ecosystemic services 

depend on collective 

future design and 

implementation. These 

through property rights 
and patent policies, 
regulation, social norms in 
production chains and 
consumption systems, 
reduction of transaction 
costs for sustainable
systems chains, and tax 
incentives for sustainable 
innovation. 
Governmental policy and 

integration of global efforts 

are essential to promoting 

innovative sustainable 

systems, like resource 

substitution incentives, 

penalizing polluting 

resources and supporting 

non-polluting ones (Silva et 

al., 2021). However, these 

subsidies can face 

opposition depending on the 

origin of the revenues used 

to finance them (Pereira and 

Pereira, 2019). In the case 

of The Clean Development 

Mechanism (CDM) and 

Renewable Energy Sources 

(RES), which are 

considered independent 

alternative subsidies, it is 

possible to follow the logic 

of an Environmental Tax 

Reform (ETR) in which the 

use of polluting resources is 

taxed, and the revenues are 

used to finance the use of 

renewables (Silva et al., 

2021). Considering the 

Payments for Ecosystem 

Services (PES) that 

represent voluntary 

agreements meant to 

compensate individuals or 

communities for supplying 

socially valuable ecosystem 

services, (Lliso et al., 2021), 

studies show that these 

projects do not always 

produce the best results due 

to inefficiencies in 

sustainable development 

policies. According to Aza 

et al., (2021) it is necessary 

to implement PES systems 

through the integrated 

approach, aiming to 

increase benefits and offer 

solutions to some of their 

problems. Additionally, the 

integration should provide 

an optimal combination of 

both short and long-term 

ecosystem services, 

ensuring resilience to 

Institutional and 
Development Analysis
Dimensions/Factors

Attributes of Community Rules in Use Physical and Material 
Conditions
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Annex 7.1 continued

Foster the formation of network and 

may have little value in isolation, but 
generate higher value when combined with 
others, in a structured business.  
Regarding the WEF Nexus context, the 

effects of cooperative production on reducing 

production costs and increasing market 

advantages, such as collective purchase 

power from neoclassical economics are 

still valid. The concept of network effects has 

been used to understand technology-based 

markets (Katz and Shapiro, 1993) and 

innovation-based markets, characterized by 

rapid innovation, such as market-places 

global platforms or IT sectors. This does not 

mean that sectors such as agriculture or cattle 

raising, in the context of the WEF Nexus 

that are not traditionally seen as innovation-

based - cannot be assessed in terms of the 

benefits of network effects. Agriculture, 

energy or other resource-based sectors can be

(positively) affected by these effects. This is 

particularly true since innovations have been 

increasingly present in the competitive 

dynamics of these sectors.  Network effects, 

in terms of action-oriented strategies to deal 

with food production losses and waste must 

be taken into account: we must only 

remember the effects on agricultural 

competitiveness of the evolution of markets 

based on technologies of genetically 

modified organisms (Ferrari et al., 2019) and, 

more recently, the editing of genes by 

methodologies like CRISP Ca. In the 

economy in general these effects are 

characterized as lock-in generators, since 

they induce a monopoly; but, in the case of 

eco-innovation market entry barriers, 

suffering from the effects of competitiveness 

against mature and monopolistic markets.  

Network effects come from the fact that the 

benefits given by the user to a given product 

or service depend on the number of other 

users who are on the same network. So, if the 

intention is to foster sustainable food 

production, conventional market barriers 

given by the conventional produced food 

markets must be eliminated.  This would be 

an interesting strategy for agroecological 

food markets, for instance, to drop entry 

barriers, since network effects make 

sustainable food production more valuable as 

the number of users increases.  

Promote iterative experiments of 
sustainable production and consumption 
at the city or district level - to foster new 
arrangements of rules. 
The transition challenge is not an ex-ante
process nor one that can be individually 

conceived, since there is a plethora of themes 

concerns innovative modes of production and 

entities are known as 

polycentric systems of 

evolutionary decision 

cycles performed by a 

huge range of actors.  

Adopt and address a 
public choice approach 
for public policy 
demands regarding the 
circular economy 
(Geissdoerfer    et   al.,
2017;    Meira,    2014;
Dagnino, 2012). 
The public choice 

approach is defined as 

economic reasoning to 

"collective," "political" 

or "social" decision 

1961). It   assumes   that

making” (Ostrom el al., 

neither   the  State    nor 

the    market   are  able

to   effectively   regulate

environmental problems 

arising   from       the

unrestricted  use   of 

natural common pool 

resources (Ostrom, 

1994). A higher level of 

sustainability to food 

production activities 

may be reached through 

situation arenas 

(Ostrom, 1990) that 

involve several 

stakeholders in the 

formulation of public 

policies for sustainable 

innovations.  In this 

context, the "economic 

man" could be replaced 

by a new "decision-

making man"; the 

challenges of 

sustainability permeates 

the circular economy 

(Geissdoerfer et al., 

2017) diffusion.  

Concerning social 

diversity and modes of 

production and 

consumption chains, the 

solidary economy and 

social technology 

(known as social 

innovation) approaches 

are two key concepts 

when thinking about the 

circular economy within 

precarious economic 

and social conditions 

(Meira, 2014; Dagnino, 

2012). Firstly, 

environmental and social 

change. 

Conceptual use and 
adaptation of the national 
innovation system, its 
elements and 
relationships that interact 
in the production, 
diffusion and use of new 
useful knowledge for a 
sustainable future. 
The concept of National 

Innovation Systems (NIS) 

(Freeman, 1987; Dosi et al., 

1988; Lundvall, 1992; 

Nelson and Rosenberg, 

1993) has been developed 

to explain the dynamics of 

economic subsystems in 

countries where various 

organizations and 

institutions interact and 

influence each other, 

throughout the innovation 

process. It focuses not only 

on the introduction of new 

technologies and 

organizational forms in a 

country, but also on the 

research and development 

efforts carried out by 

companies and the public 

sector, as well as the 

determinants of innovation, 

such as the learning 

processes and mechanisms 

to encourage innovation 

(Dal Poz, 2006). In this 

context, it proves to be 

useful and pertinent in the 

case of the generation and 

diffusion of sustainable 

innovations, since it refers 

to the processes of 

organizational and 

institutional change that can 

emerge from the interactive 

learning systems demanded 

by the substitution of 

mature and less sustainable 

technologies.  

Policy making to foster 
and preserve the 
prevalence of complex and 
diversified modes of 
production, such as 
traditional knowledge-
based cropping systems 
and alternative uses of 
biodiversity. 

Traditional ecological 

knowledge systems capable 

of adapting to both external 

changes and internal 

pressures have been a 
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consumption, finance, funding, and new 

market structures as a result of the diffusion 

of clean technologies, new business models 

for technological and social innovation, 

among others. Interactive and iterative cycles 

of experimentation should be implemented, 

in order to understand the optimal collective 

scenarios. This requires stakeholder 

engagement, generating trust and legitimacy 

in the implemented actions (Madsen and 

Hansen, 2019; Coutard and Rutherford, 2010; 

McCormick et al., 2013); the evolution of 

these arrangements is essential to 

understanding the possibilities of: a) the 

collective learning processes to make 

sustainable markets viable; and b) transaction 

cost reduction and the best governance for 

resilient sustainable market structures 

(Williamson, 1993). Complementary to this, 

behavioural economics is a promising 

knowledge area to develop this issue, since it 

analyses the interactive dynamics concerning 

human behaviour and the division of goods.  

Create integration capabilities, since 
monitoring change depends on the ability 
to integrate new actors, groups and 
demands, in addition to new institutions 
arising during the process (Giddens, 1984; 
Nelson, 2008). 
The transition process demands that 

innovations addressed by actors that often do 

not communicate with each other directly are 

adapted and diffused. Complex demands on 

technology substitution, for instance, may 

conflict in this context. This is the case of the 

dispute between cars powered by biofuels and 

electricity, which compete for the same 

design space, something that may have been 

solved by the regulation and development of 

hybrid vehicles. This kind of institutional 

innovation proposes solutions to the 

dilemmas that are generated by innovations. 

Understanding the transition as a process of 

creative destruction (in which new 

technologies can replace old ones), it is 

possible to bring together and agglutinate 

actors in interest groups; for instance, food 

waste can be reduced via mechanisms of 

Community Supported Agriculture (CSA),  

in which direct sales from producers to 

consumers leads to a fall in  waste and losses;  

the diffusion of CSA mechanisms is able to 

change the dynamics of food 

commercialization, with a shorter production 

and consumption chain.  

Pay attention to scientific 
communication methods and its links with 
what may or may not be perceived as the 
truth. 
In addition to political-economic approaches, 

socio-cultural approaches can help build the 

resilience levels of public belief. Building 

resilient communities must be a priority in the 

field of sustainable development 

communication (Servaesa & Lieb 2014). The 

considering the poverty 

threshold, it is necessary 

to recognise the need for 

socioeconomic 

improvements before 

demanding ecological 

improvements. From a 

general point of view, 

social technologies are 

those that apply to social 

inclusion: they must be 

adapted to small sized 

enterprises (physical 

and financial) and not 

tied to employer-

employee relations; in 

summary, self-

employed and small 

business enterprises, 

such as cooperatives, 

small farm holders 

common initiatives and 

networks, must be able 

to carry out 

economically viable 

ventures. 

mainstay of human ecology 

for some time (Berkes et al. 

2000). According to Esposti 

(2005), the  Agricultural 

Knowledge and Innovation 

Systems (AKIS), in an 

evolutionary process, is 

he set of 

agricultural organisations 

and/or persons, and the 

links and interactions 

between them, engaged in 

the generation, 

transformation, 

transmission, storage, 

retrieval, integration, 

diffusion and utilisation of 

knowledge and information, 

with the purpose of working 

synergistically to support 

decision making, problem 

solving and innovation in 

can provide solutions for 

the adaptive response to 

new environmental, social, 

or economic conditions in 

the transition to 

sustainability. This is 

particularly so as they are 

able to maintain genetic 

stocks of cultivars or 

varieties of livestock 

species, given the dynamic 

of a sustainable exploitation 

of the Commons. 
Regenerative agroforestry 

is the most illustrative 

example of a complex 

diversified system based on 

traditional knowledge. It 

has the potential to increase 

livestock productivity (by at 

least three times per area), 

in addition to being able to 

totally neutralize the carbon 

balance of final products. 

There are several other 

intermediate forms, such as 

crop-livestock forest 

integration, consortia of 

different species and 

rotation of crops in the same 

area, and, of course, 

agroecological food 

production. Public policies 

and R&D of this type of 

initiative can be a powerful 

starting point for the 

sustainable transition.  

Perform policy-
making for environmental 
sustainability such as 
natural biomass and 
biodiversity preservation 
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main challenges in communication (World 

Communication for Development Congress, 

2006) also concern the transition to 

sustainability, as they presuppose scientific 

dissemination and good governance 

practices, as follows: 

Good governance and accountability,

The challenging character and complexity 

of the communication process;

The different levels at which participation 

processes can occur - decision-making, 

benefits, evaluation and 

implementation;

To strengthen independent and pluralistic 

media to promote good governance and 

transparency;

which in some regions may be the most 

effective tool (despite the multitude of 

medias);

To guarantee permanent adjustments and 

adequate policies and resources for 

communication processes;

A legal and supportive framework 

implemented by national governments 

that favours the right to freedom of 

expression. And the emergence of free 

and pluralistic information;

Provision of mechanisms that give a voice 

to the poorest, so that they are engaged 

in politics and decision-making on 

sustainable development.

and their sustainable use, 
combined with social and 
economic development.
Promoting policies on the 

preservation and 

sustainable use of resources 

is a central point to the 

transition to sustainability. 

Richly biodiverse  

economic activities must be 

regulated either to protect 

the genetic patrimony 

associated with biodiversity 

or because it is a water-

producing area - to 

guarantee the livelihood of 

local residents, without 

compromising the renewal 

of the critical resource. 

Without minimum 

conditions for survival of 

the poor, or profit 

perspective for 

agribusiness, it becomes 

almost unviable for local 

governments to promote the 

preservation of all these 

areas. There are several 

possibilities for sustainable 

systems that combine 

obtaining income with 

preserving biodiversity, 

including: ecotourism in 

areas of more restricted use, 

regenerative agroforestry 

systems in degraded areas, 

planned extraction in 

preserved areas, crop-

livestock-forest integration 

to reduce the impact of 

livestock on the 

environment, among others. 

In addition to the 

development of the legal 

framework on the 

delimitation, use and 

management of priority 

preservation areas, it is 

necessary to develop public 

policies to encourage 

innovations, financing, 

technical assistance, 

education and scientific 

dissemination in order to 

increase awareness of the 

possibilities and advantages 

of the transition toward 

sustainability.
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. Object: of 
the 
transition 
goals.

Adopt a transition-oriented 
long-term perspective 
(Ostrom, 2011). 

According to Ostrom (2011), it 

is necessary to adopt a long-term 

perspective to transition. 

Additionally, the transition 

correlated with socio-ecological 

systems (SES) is highly 

complex, since such systems are 

complex by nature, meaning 

conventional scientific 

approaches are insufficient to 

understand them and guide 

decision-making processes 

(Halliday and Glaser, 2011). 

Martínez-Fernández et al. 

(2021) mention that the 

integration is a keyword in all 

these approaches, regarding the 

transition from complex 

systems, both about what to 

integrate as well as who is 

involved in such integration, 

consequently, integrating actors 

who create knowledge with 

decision makers, through the 

deliberative participation of 

stakeholders and social actors in 

the decision-making process 

using the knowledge available 

(Felicetti et al., 2015). 

Monitoring the evolution 
of the transition to 
sustainability concept, 
concerning policy and 
political dimensions 
(Kemp and Rotmans, 
2005; Kemp et al., 2007; 
Geels, 2011). 

Monitoring the transition toward 

sustainable change has, in 

addition to the technological and 

economic aspects, a political 

dimension. Political aspects 

such as how they related to 

public perception and opinion 

about new technologies, 

institutional innovations (such 

as the WEF Nexus) that provide 

sustainable public policies, and 

even those related to the pattern 

of negotiation between political 

agents - need to be monitored by 

SMOIs, in order to maintain a 

collective shared perception of 

the transition challenge. The 

basis for a widespread public 

conception of sustainability 

demands depends on innovative 

and technological actions such 

as the adoption of green 

markets. It is however a 

particularly political decision, 

both in the sense of defining 

Strong performance on sustainable 
policy prescriptions (North, 1990; 
Ostrom, 2005), so that the rules for the 
desired transition remain transparent.

Technological and economic demands for 

sustainability transition involves new 

collective agreements, rules and the 

implementation of commitment processes. 

The purpose of the rules is to define the way 

that the game is played (North, 1990), and 

transition demands many new games. These 

processes must be monitored and evaluated in 

terms of the strength of the performance of 

these new rules in promoting change. Some of 

economic enforcement mechanisms including 

tax exemptions, can be monitored by 

extensive and recursive experiments. The 

monitoring of compliance with the rules and 

constant evaluation of their ex-cursus impact 

on the performance of the implementation of 

the transition processes enable the new rules 

themselves to become more effective.

Define and implement rational planned 
transition goals (Nill and Kemp, 2009).

The radical change in the production and 

consumption of sustainable transition requires 

new, viable technologies so, rational planned 

efforts must be taken into account. The 

governance of change of this process 

of 

the interaction systems of the factors that lead 

the change. Technologies, regulatory aspects, 

user practices and behaviours, culture, 

markets, supplier networks, and 

infrastructures must change, which forms an 

innovation system.   Innovation policies in 

order to foster the diffusion of sustainable 

technologies, are crucial to the sustainable 

transition. Improvements in environmental 

efficiency present at least three levels of 

evolutionary character, from an incremental 

level to a new system design (Elzen et al., 

2004): a) system optimization as an 

incremental process, is not comparable with 

the level of change necessary to consider such 

a phenomenon as a transition; b) system 

redesign, a partial process of transformation, 

and c) system innovation. The focus of the 

transition theory, in this context, is the 

dynamics of change and its drivers (Elzen et 

al., 2004): technologies that go beyond mere 

input output relations, taking into account 

trajectories and different characteristics of 

innovation; they are also able to describe 

circumstances under which established 

technologies might persist even when they are 

to some extent inferior to their new 

competitors (lock-

studies on transition policies (El Bilali, 2018) 

illustrate the multi-character of this issue: a) 

Technological Innovation System (TIS); b) 

Social Practice Approach (SPA); c) Strategic 

Niche Management (SNM); d) Multi-level 

Perspective (MLP); e) Transition 

Follow sustainable 
governance indicators, 
data and reports such 
as national and 
international climate 
change investigation 
initiatives and their 
impacts on countries, 
sustainability efforts or 
counterfactual efforts 
(Schmidt-Traub et al., 
2017).  

Sustainable Development 

Goals (SDGs) adopted in 

2015 chart out a universal, 

holistic set of objectives to 

help set the world on a path 

towards sustainable 

development, by addressing 

all three dimensions of 

economic development, 

social inclusion, and 

environmental sustainability 

to be achieved by 2030 

(Sustainable Development 

Solutions Network, 2015). 

Reaching these goals will 

require transformations in 

every country, as well as 

close monitoring and 

measuring of progress 

through indicators (Schmidt-

Traub et al., 2017). The UN 

Statistical Commission 

recommended an initial set of 

230 global indicators to 

measure the SDGs 

achievements. The indicators 

are considered the backbone 

of monitoring progress 

towards the SDGs at local, 

national, regional, and global 

levels. An indicator 

framework should be strong 

enough to turn the SDGs and 

their targets into a 

management tool to help 

countries and the global 

community develop 

implementation strategies 

and allocate resources 

accordingly (Sustainable 

Development Solutions 

Network, 2015). However, 

some suggested indicators 

lack comprehensive, cross-

country data and some even 

lack agreed upon statistical 

definitions (IAEG-SDGs, 

2016). According to 

Schmidt-Traub et al. (2017), 

the indicators must be robust 

and capable of application in 

a broad range of countries, 
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politics and in the political 

games that make the execution 

of these projects feasible; an 

illustrative case concerns the 

Amazon rainforest preservation 

policies in South America, from 

due to intense governmental 

communication on the efforts to 

control forest burning and illegal 

land occupation, have been 

successful.  This is known as the 

-

foster public perception and 

address positive policies for 

environmental protection.   

Promote education, skills 
and communication for 
transition: from the linear 

-
make-use-
of production, distribution 
and consumption 
(Andrews, 2015), as a 
planned obsolescence 
market rational (Coase, 
1972; Waldman, 1993) to a 
regenerative approach of 
resource use (Ellen 
MacArthur Foundation, 
2016). 

According to Andrews (2015), 

the origins of the linear 

economy date back to the 

Industrial Revolution and the 

global economy developed 

around this model. Current 

social, economic and 

environmental factors such as 

climate change - mean that the 

linear model is no longer 

sustainable, since it is based on 

the planned obsolescence of 

products and encourages waste. 

The Circular Economy, as a 

radical new model, is being 

advocated but as yet is not 

widely practiced. The transition 

to sustainability requires 

cultural change, which promotes 

a change in habits and 

behaviours. In some cases, 

organizational innovation is 

more important and necessary 

than product or production 

process innovation. One of the 

obstacles related to the 

education and scientific 

communication for the 

transition to sustainability is the 

associated with the linear 

economy. Although more 

laborious, decisions made in 

more regenerative governance 

Management (TM) and f) Time Strategies 

(TS).  

Promote the rule of law from a 
sustainable future perspective, at the 
national and international levels, 
according to the United Nations 
Development Goals, upward and 
downward accountability in 
institutions, enhanced participation, 
freedoms and capabilities, in order to 
improve baselines in developing 
countries and poorer global 
populations (Gupta and Vegelin, 2016). 

It can be said that the transition to 

sustainability, composed of ecological, social 

and economic aspects, presents a major 

challenge in terms of optimizing all three 

aspects so that present and future generations 

achieve desirable sustainable development 

(Gupta and Baud 2015), as highlighted in the 

introduction of this chapter: sustainability is a 

recent milestone of civilization, an urgent 

collective transition goal, since the issue of 

climate change must be dealt with. Aiming to 

create a better world by 2030, in 2015, world 

leaders agreed on 17 Global Goals (officially 

known as the Sustainable Development Goals 

or SDGs). The goals aim to create a better 

world by ending poverty, fighting inequality 

and addressing the urgency of climate change. 

The objectives have become a guide for 

governments, companies, civil society and the 

general public in building a better future for 

all.

followed by better and more 

frequent data collection and 

dissemination, particularly in 

underdeveloped countries, to 

allow for the reliable 

estimation of trends over 

time. The metrics used to 

improve and monitor 

indicators require 

collaboration between 

statistical offices, 

policymakers and academic 

communities, a sector that 

has dedicated great efforts to 

developing indicators used in 

monitoring the sustainability 

of complex systems. 

Dialogue could be promoted 

by international 

organizations aimed at 

producing handbooks on new 

measurements, such as the 

OECD Guidelines on 

Measuring Subjective Well-

being (OECD, 2013).
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systems tend to be more socially 

and ecologically robust, since 

they foresee a more limited use 

of natural resources, such as 

water (Fracalanza, 2013).

Attributes of Community Rules in Use Physical and Material 
Conditions

Form: the 
structure 
and 
evolution of 
the mission-
oriented 
institution

Promote the creation of 
transition-orientated 
institution networks, 
such as meso-level 
initiatives from a 
global to country level.  

Expanding actor networks 

and mechanisms to ensure

lessons are mobile and 

accessible to other places and 

cause knowledge spillovers 

(Wieczorek et al., 2015; Dawes, 

1980; Gifford, 2006) is crucial 

to achieving a structured 

transition system. Meso-level 

transition-oriented institutions 

have spread exponentially in 

recent years (see Section 1 of 

this chapter). The meso-level 

character of these institutions 

can be determined by their 

cross-national reach: they may 

be based in countries or in 

economic blocks, but their 

objectives have common and 

cross-border goals.  As with 

other types of transition-

oriented institutions, the meso-

level ones have short-term and 

long-term goals and strategies. 

The challenges they face lie in 

establishing bridges between a 

large set of production, cultural 

and economic gaps embodied in 

the change process, such as eco-

innovation and technological 

transition, consumption 

behaviour, and market barriers 

to sustainable industrial 

production.  

The Belmont Forum 

initiative, for instance, is one of 

these institutions.

Carry out effective and 
permanent efforts on 
modelling complex 
systems: mapping the 
nexus among resource uses 
in order to reduce its 
dysfunctionalities (Bazilian 
et al., 2011). 

The Nexus approach has gained 

increasing global attention, 

including scientific studies on 

calculations of flows and 

dependencies between different 

Adopt a model to understand and 
follow the diffusion processes of 
clean or eco-innovation.  

The diffusion of clean and sustainable 

technologies, as with the diffusion of any 

innovation, is governed by endogenous 

mechanisms, such as epidemic learning and 

learning economies and by exogenous 

mechanisms (Kemp and Volpi, 2008). The

uncertain processes linked to technological 

replacement are considered the main market 

barriers. These processes are governed by 

endogenous mechanisms, like epidemic 

learning and learning economies; and by 

exogenous mechanisms (Kemp and Volpi, 

2008). To ensure sustainability is a 

widespread objective, institutions and public 

policies must hold common values geared 

towards transition in order to adopt 

mechanisms that allow communities to 

understand the reasons for and importance of 

adopting eco-innovations. The mobilization of   

endogenous mechanisms so that communities 

take ownership of these innovations diffuses 

positive values that encourage the 

advancement of transition. This is the case of 

agricultural and aquaponics production, which 

production of fish and greens and is 

innovative in character, since environmental 

impacts are reduced and families are able to 

obtain higher incomes. The diffusion of 

innovation depends on: a) the decision-

making processes from the micro-

institutional level, such as entrepreneurship, to 

policy and economic incentives; it is possible 

of technologies that has greater positive 

collective rationality  and can be more easily 

diffused (as, for instance, in the case of the 

production of renewable energy from 

biomass); b) the planning of the exchange 

process, which is uncertain again due to 

market barriers and the fact that it is an 

evolutionary and adaptative process such as 

the impact on the diffusion of electric car 

technology by the oil and gas markets 

dominant technological trajectories; the 

adoption of complementary communication 

mechanisms for  global warming consumption 

behaviours such as strategies to strengthen 

the diffusion of clean technologies.  

Follow transnational coalitions and 
coordinated efforts through 
sustainability - in the form of 

Foster technological, 
social, environmental 
and organizational 
sustainable innovation 
solutions from an 
ecological economics 
perspective (Romeiro, 
2012) and an eco-
innovation perspective 
(Kemp, 2010; Rennings, 
2000). 

Considering ecological 

economics, the environment, 

as one of its subsystems, 

represents an absolute limit 

to the expansion of the 

economy. However, if, by 

definition, a subsystem 

cannot be larger than the 

system that contains it, its 

size in relation to the whole 

is not limited by the system.  

capacity is defined by 

thresholds of ecosystem 

resilience. This is one of the 

fundamental premises of 

ecological economics, that is 

rooted in the work of 

Kenneth E. Boulding 

2012). Overcoming this issue 

depends on solutions 

generated by science and the 

design of clean technologies, 

concerning both scalable 

production industries and 

socio-technical systems that 

promote a more rational (and 

resilient) use of common 

pool resources. This is the 

proposal of ecological 

economics, and transition 

theories based on eco-

innovation efforts.  

Concerning eco-innovation 

perspectives of the diffusion 

of sustainable technologies, 

according to Kemp (2010), 

the diffusion of clean 

technology works in the 

same way as the diffusion of 

any other innovation. These 

processes are governed by 

endogenous mechanisms and 

are ruled by many of the 
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resources; this approach can be 

performed via the complex 

systems modelling approach, 

assessments of technology and 

policy applications, in order to 

understand the sustainable gains 

and the necessary interlinkages 

to develop sustainable 

management possibilities 

(Zhang et al., 2018). This is due 

to the fact that a global society is 

required to solve a set of 

complex, interrelated problems 

characterized as a fundamental 

threat to human civilization 

(Bazilian et al., 2011). Closely 

follow the global processes of 

capacity-building to enable the 

effective participation of a range 

of stakeholders (Gupta and 

Vegelin, 2016).

international agreements, such as 
pooling resources and coordinating 
state policies, that provide cooperative 
gains for sustainability global patterns 
(Böhmelt 
al., 2019); this procedure can guide the 
emergence and evolution of new 

The implementation of sustainability 

measures presents a challenge to 

policymakers, while also dealing with parallel 

and sometimes conflicting policy agendas, 

long-term policy impacts, and contested 

interpretations of sustainability. These aspects 

show the difficulty in simultaneously making 

progress with goals belonging to different 

sustainability agendas (Bennich et al., 2021). 

However, global transition towards 

sustainable development has been one of the 

major objectives in recent years, which has led 

to national or regional development resulting 

in strategies, instruments and tools including 

the expansion of the bio-based economy 

(Zihare et al., 2021) and the implementation 

of Environmental-Social-Governance (ESG) 

concepts in companies.

traditional economic entry 

barriers, such as monopoly 

effects, mature technological 

trajectories, etc. Policy 

making, of course, is a 

central issue in technology 

diffusion: the characteristics 

of clean technology, 

absorptive capacities of 

potential adopters and the 

age structure of capital are 

important factors to take into 

account. According to Kemp 

that companies have a 

choice: they can choose 

between an end-of-pipe 

solution, a process change 

(adaptation) and a change of 

process (substitution). This 

means that the diffusion and 

evolution of one clean 

technology will be at the 

expense of the diffusion of 

another clean technology, 

something overlooked in 

studies on clean technology 

diffusion. Further research is 

needed on the influence of 

public policy on clean 

technology choice, 

expectations (about learning 

economies and prices), 

adjustment costs, network 

externalities and 

complementary innovations 

on clean technology adoption 

Attributes of 
Community

Rules in Use Physical and Material 
Conditions

Methods: the 
prime movers to 
promote 
transitions 

Carry out 
educational 
initiatives with 
sustainability as the 
theme (Vare & Scott, 
2007; McKeown, 
2002) at local, 
regional, national 
and international 
levels. 
Educational systems 

need to dovetail their 

sustainability efforts 

on sustainable 

development. Like 

most factors linked to 

the evolution of 

sustainable systems, 

education involves 

actions that must be 

Remain up to date with public regulation 
and self-regulatory arrangements, through 
certifications, codes of conduct and standards 
(Fuchs, 2007; Benites-Lazaro et al., 2018). 
This factor is possibly the most complicated and 

intangible planned method for the evolution of 

sustainable systems. It involves individual and 

collective behaviours concerning the 

consumption of goods and services from 

different technological trajectories some more 

sustainable under one set of criteria, some under 

another set of criteria. Choosing the most 

sustainable type of energy implies selecting 

bioethanol fuels or wind energy, which requires 

a complex capital and resource-based industry 

organization. The regulatory efforts of the market 

on each of the energy matrices, as well as each of 

these industries. Many authors concerned with 

the common-pool resources problem (Ostrom 

1998) argue that it is neither government nor 

Decision-making 
methods based on 
environmental monitoring 
techniques, such as satellite 
and earth monitoring 
systems for climate change 
and scientific production 
analysis. 
This item is related to the 

WEF Nexus conceptual tool, 

since it involves different 

techniques used to monitor 

climate change.  

Sustainability must be 

analysed using a holistic and 

integrated approach that 

facilitates the analysis of the 

social, economic, 

institutional and 

environmental factors and 
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carried out at different 

and integrated levels, 

from local, regional, 

national, international 

and global. When it 

comes to policies and 

theory in education, 

any approach can be 

seen as reductionist. 

This issue involves a 

challenge typical of 

education itself:  to 

understand what we 

are communicating 

and teaching, how we 

are doing it and, most 

importantly, why we 

are doing it. Thus, the 

only assumption that 

can be made is that the 

science and 

educational initiatives 

present an extra 

challenge when it 

comes to the transition 

to sustainability.  For 

a comprehensive

understanding of this 

challenge, it is 

possible to consider 

broad analysis about 

the adoption of new 

concepts, theories and 

assumptions 

necessary to develop 

educational initiatives 

related to sustainable 

development. 

markets, but communities and stakeholders 

themselves, that are capable of managing 

environmental public goods with a set of rules 

-

regulation issue involves participation and 

empowerment of the involved partners, or 

stakeholders, in any programme designed to 

facilitate a sustainable future, not just for one 

generation, but for all future generations. Its 

human geographical dimension is local, regional 

and global. This approach reveals that the self-

regulation processes can be more efficient under 

collective commitment processes.  It is necessary 

also to consider the role of the effectiveness of 

enforcement, governance and legal compliance 

mechanisms implemented by the States, such as 

environmental fines, legislation on land use and 

forest preservation.  

Creation of markets to upscale new green 
technologies (Sengers, 2019). 
Until recently, climate change was mostly 

viewed as a reputational risk that could be 

addressed through the environmental, social and 

governance (ESG) agenda; it now seems that this 

perception is found more in the financial field 

(despite the perception of reputational risks also 

continuing to be valid). Many firms have 

attempted to integrate financial risks with 

sustainability management frameworks. Aiming 

to supply the market demand to upscale new 

green technologies, recent initiatives such as the 

2019 recommendations from the Network of 

Central Banks and Supervisors for Greening the 

Financial System (NGFS) and the 2018 EU 

Action Plan, that promote the inclusion of 

climate risks into financial institutions, appear as 

risk management policies and the potential 

integration of climate risk into prudential 

regulations and capital requirements (Gaganis et 

al., 2021). The growing number of ecosystem 

services that are reproducing the market logic to 

tackle environmental problems has contributed to 

attracting political support to tackle 

environmental problems (Gómez-Baggethun et 

al., 2010). 

Implementation of tax exemptions to 
create economic incentives to move towards 
more sustainable production (Madsen and 
Hansen, 2019). 
Strategies and policies aimed at the transition to 

sustainable systems and based on economic 

mechanisms are under development around the 

world. Aiming at achieving sustainability, the 

actions are focused on several areas such as clean 

energy, sustainable industry, construction and 

renovation, sustainable mobility, biodiversity, 

elimination of pollution, climate actions and food 

security (CEU, 2021). Economic incentives and 

enforcement mechanisms to foster clean 

production and consumption systems can be 

considered as both strategies and methods to 

promote transition, in the context of market 

levels. Economic instruments to foster the 

sustainability process range from government 

their interactions, that 

characterize complex socio-

ecological systems (SES) 

(Martínez-Fernández et al., 

2021). The WEF Nexus is 

believed to present this 

character. Several technical 

tools can be used to analyse 

the sustainability of 

environmental and social 

sectors considering a 

complex system approach: 

software and methods for 

System Dynamics analysis 

and Agent-Based Modelling, 

validated models for 

simulations of environmental 

impacts (soil, water, air, 

biodiversity), Data 

Envelopment Analysis 

(DEA) method, 

Environmental life-cycle 

assessment (LCA), digital 

technologies - artificial 

intelligence (AI), big data 

analytics, mobile 

technologies, Internet of 

Things - and social platforms 

generate positive 

improvements for society 

and industry assessment. Of 

course, different 

methodological approaches 

and techniques are welcome, 

since science is the new 

knowledge generation that 

must be fed by recursive 

cycles of experiments; a 

weakness, however, in the 

integrated use of tools is 

identified (Belucio et al., 

2021; Feroz et al., 2021; 

Tsaples and Papathanasiou, 

2021). Study groups have 

been developing multicriteria 

decision analysis (MCDA) 

methods, in an attempt to 

supply this demand. These 

tools have been used to form 

a broader view of decision-

making results by creating 

consolidated results between 

different methods (Zihare et 

al., 2021); this approach is 

capable of adding political 

and social dimensions to

technical factors, making 

monitoring systems more 

extensive and useful for 

defining comparative climate 

change scenarios. 

Use existing tools 
and methods to create new 
ones with technological, 
social and organizational 
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policies to financial innovations derived by 

markets such as cap and trade on greenhouse 

gas emissions and carbon credit, driving limits on 

pollution or buying and selling allowances to 

emit certain amounts of greenhouse gases.  In the 

case of tax exemption mechanisms, the need for 

many comparative experiments appears 

necessary, in order to understand different 

scenarios of the welfare gain of each mechanism, 

depending on the kind of market or sector it is 

related to. The trade-off between capital 

allocation from fuels to wind technology 

markets, for instance, and the tax exemption 

impacts on greenhouse emissions must be better 

understood. In the case of this energy matrix 

allocation case, tax exemptions contribute to 

lower greenhouse gas (GHG) emissions without 

distorting consumer choices, since consumers 

have a low individual capacity to choose which 

kind of energy to use. Unlike the case of electric 

car mechanisms replacing fuel cars, the taxing 

effects in the case of close substitutes - with 

different rates - in relation to the generation of 

substantial welfare costs is a useful example of 

this trade off. According to Hatta and 

Haltiwanger, (1986), two strong substitutes have 

different ad valorem tax rates, so a consumer can 

avoid substantial tax payments by substituting 

the good with the lower rate for the other. Thus, 

tax wedges are important differential aspects to 

be taken into account, since they can distort 

goods. Some European experiments on the 

effects of economic incentives for pollution 

reduction on urban climate change suggest that 

projects are influenced by external 

circumstances, particularly national legislation. 

This seems to point to a strong relation between 

the rules in use and the power of law dimension 

on environmental control. Some of these 

experiments have proved that tax exemptions are 

effective as economic incentives aimed at a 

transition to sustainable systems (Madsen and 

Hansen, 2019). National taxation on fuel 

influences the infrastructural developments 

carried out by local suppliers, biomass-based 

production, for instance (Danish Energy Agency, 

2015). However, the politically unstable 

environment can contribute negatively to large 

infrastructural investments, such as when the 

Danish government announced intentions to 

reopen the energy agreement and withdraw

economic resources from the wind industry 

(Berlingske Business, 2016). These experiments 

are necessary, as this short discussion shows, to 

understand the extent to which tax exemptions or 

other sustainable economic incentives are value-

added mechanisms for sustainability transitions. 

Deregulation of high negative 
environmental impact utilities industries, 
exposing this sector to new pressures, leading 
to the emergence of more sustainable 
alternative technologies, more sustainable 
organizational and innovative-resource modes 

foresight, in order to 
understand the evolution of 
the transition of complex 
systems through 
sustainability (Martin, 
1995). 
According to Martin (2010), 

involved in systematically 

attempting to look into the 

long-term future of science, 

technology, economy and 

society with the aim of 

identifying the areas of 

strategic research and the 

emerging generic 

technologies likely to yield 

the greatest economic and 

strongly justifies the use of 

foresight methods in the case 

of the sustainable transition. 

Complementary, foresight is 

not foreseeing future, but 

creating it, which fits with the 

climate change challenge.  A 

comprehensive analysis of 

foresight methods can be 

found in Magruk (2011), 

such as multi-criteria and 

decision analysis, cross 

analysis or bibliometric 

approaches. These studies 

and experimental processes, 

evaluation and social 

learning, built upon 

stakeholder engagement and 

participation are central to 

the design of a sustainable 

future. They are a set of tools 

that can be used to 

u

perception of a desired 

future, prompting the path to 

attain it. The climate change 

challenge requires 

comprehending future 

scenarios of sustainable life: 

it demands transformations 

in the socio-technological 

structure of human society to 

address these challenges. The 

diffusion of sustainable 

innovation is a knowledge 

area for future studies. It 

demands ex ante planning 

and the engagement of 

relevant stakeholders, 

shareholders and policy 

makers. Interactions among 

these actors must create the 

desired collective transition 

in the future.
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of production and uses of natural resources 
(Berkhout et al., 2009). 

strategies are the most highly diffused pollution 

control mechanisms by governmental institutions 

around the world and that are used to achieve 

sustainability in the industrial sector. Although 

this mechanism induces significant reductions in 

the pollution levels of the different 

environmental compartments (Magat and 

Viscusi, 1990; Laplante and Rilstone,1996; 

t al., 2001), studies highlight the need 

for the integration of different mechanisms to 

improve the environmental performance of 

complementation or supplementation of 

traditional enforcement actions with structured 

information programs (or public disclosure 

programs), by which the environmental 

performance of polluters is revealed, could urge 

industries to undertake environmental protection 

actions. The most efficient action to address this 

problem may be the emergence of new, more 

resource-efficient socio-technical systems as the 

basis of more sustainable development pathways 

(Berkout et al.,2009); this means the application 

systems address the interaction between 

domestic and globalized markets, knowledge 

flows and governance. Both technological and 

organizational innovation challenges must be 

taken into account: not only production or 

distribution and logistics innovation, but new 

organizational patterns for markets must be 

redesigned. The most shocking aspect is that of 

food loss and waste in sustainable systems. New 

agronomic technologies must compose the same 

complex system as the productive organizations, 

the supply chains, food and nutritional policies 

and organizational aspects of the WEF Nexus. 

The negative impacts of food loss due to 

productive dysfunctionalities can be added to 

those derived from the failed governance of food 

demands and prices, contracts or transaction 

costs. Food loss on small farms negatively 

impacts environmental indicators, since water, 

energy and supplies are wasted if the 

commercialization of food is not properly 

managed. This case reveals the importance of 

socio-technical regimes and socio-technical 

landscapes (Kemp and Rotmans (2001), that are 

situated in broad political, economic and 

institutional contexts. Landscapes can be 

considered selection environments for regimes 

and niches related to emerging clean and 

environmentally positive technologies. One 

example is the deregulation of utility industries 

in some countries, exposing electricity supply 

technologies to new challenges, resulting in the 

possibility of alternative technologies emerging 

rapidly from niches in which they had previously 

been operating (Joskow, 1998). 

Closely moni
regulatory dimension of the management 
methods. 
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Agents are the main promoters of sustainable 

transition, and usually operate on a system of 

participatory governance, with collective 

decisions and empowerment of 

emp et al., 1998). At the same 

time, transition causes huge changes in social 

co-creation and development of innovations that 

will drive these changes. The main question 

becomes: how can agents -who coordinate the 

current economy carry out processes whose 

rules are based on a new sustainable rationale? 

Dealing with these new rules in iterative 

processes has a direct impact on the participants 

in decision-making processes and other 

stakeholders, and thus generates new 

conjunctures of agents. This process affects 

participants both in terms of the constraints they 

must accept (the sustainable rules of economic 

games) and in empowerment gains so they are 

motivated to remain committed to change. 

Test and validate instruments related to 
understanding the transition process, since 
goals to end poverty and build shared 
prosperity rely on sustainability (World Bank 
Agenda, 2030; Gupta and Vegelin, 2016). 
The concept of social technology assumes that 

not all technologies can be used in any context, 

such as those based on scale or capital-intensive 

production. Special tailored technological 

development platforms must be developed, often 

to facilitate the small farmers' activity. Thus, 

developing an environmentally advantageous 

technology that, at the same time, can contribute 

to poverty reduction, must also consider the 

(including but not restricted to small producers) 

producers. Otherwise, it will not help solve 

environmental problems. Social technologies, in 

this case, are those that can support family 

farming, even with traditional technologies for 

plant resistance. Resistant plant varieties, when 

available, have to be produced and distributed to 

family land holders. This implies that the 

technological issue becomes a public policy in 

agriculture and regional sustainable 

development.

Attributes of Community Rules in Use Physical and Material Conditions
Logic: actor 
management 
for 
sustainable 
policy 
processes.

Analyse the multiple 
narratives, epistemes, and 
paradigms of sustainability 
from the political perspective: 
governance, rational choice, 
agency and institutionalism 
approaches (Bevir and Rhodes, 
2001; Thaler, 2000; Etzoni, 
1996; Ostrom, 2000). 

In order to monitor the adoption of a 

new process of sustainable change, 

considering the most optimal 

evolutionary framework, it is 

Analyse collective 
governance processes 
(Ostrom, 1990).

The transition to 

sustainability has largely 

been considered legitimate 

by society. Collective 

decision-making, however, 

and the integration of 

agents and their demands 

which will make the 

transition real - depend on 

clear, inclusive and fair 

Foster regulatory, legal and tax 
advantages for sustainable 
production and environmental 
services (Gómez-Baggethun et al., 
2010).

Environmental issues have no boundaries 

nor strata; at the global level, regulation 

takes place through international 

agreements with future goals such as the 

Kyoto Protocol and the Paris Agreement. 

The compliance logic involves long-term 

enforcement tools that are strongly shaped 
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necessary to understand the different 

concepts of sustainability and how 

they are opposed in the political 

spectrum. Different views of

sustainability (such as conflicting 

market interests) form pressure groups 

that sometimes compete and 

sometimes cooperate in political and 

social dilemmas. For example, some 

advocate replacing gasoline with 

bioethanol, others with electricity. 

Multiple narratives must be 

contemplated, understood, and 

implemented despite the internal 

conflicts that can arise - as they 

represent the views of different actors 

who are involved in disputes and 

cooperation during the transition 

process. Different logics arise from the 

different economic, political, 

technological and social demands of 

the community that generate other 

demands for sustainable innovations. 

The implementation of a project that 

involves several stakeholders needs to 

be focused on shared objectives in 

this case, the pursuit of sustainability. 

For instance, the substitution of 

traditional plastics for renewable 

alternatives can be carried out through 

cooperative research, involving 

governance between two originally 

conflicting epistemes. The 

development of projects carried out by 

heterogeneous groups depends on 

finding and even spreading common 

values to be pursued, such as 

sustainability. For stakeholders in the 

traditional plastics industry, the new 

technological trajectory can be 

perceived as increased market share 

and therefore present a competitive 

advantage; while for 

environmentalists, the potential to 

benefit from ecological economics is 

the motive for a partnership.   

governance rules, or 

institutions. 

At the same time, these 

rules must be adopted by 

multiple groups and 

innovations that are most 

efficient in disseminating 

and improving the degree 

of sustainability of 

technological systems and 

their political, social and 

economic results. That is, 

achieving the sustainability 

tripod. 

by political contexts. Within the scope of 

national legislations, regulatory-oriented, 

command-controlled instruments 

(standards, environmental impact and 

evaluation studies, environmental 

licensing for exploration and zoning) are 

defined as those that establish the norms, 

rules, procedures, and standards 

determined for economic activities in 

order to ensure that the objectives of the 

sustainability policy are complied with. 

These rules and standards are, at the 

micro-institutional level, national in 

nature, since they make up the sovereign 

legislations of the countries. They can 

include tax incentives or payments for 

ecological services, or as fines, for 

example. Environmental defence 

mechanisms such as the granting of 

water resources and reporting negative 

environmental impacts also make up 

these regulatory systems. In the case of 

national regulation mechanisms, the 

enforcement devices must generate 

socially and environmentally desirable 

behaviour; they are subject to transaction 

costs involved in the application of 

sanctions such as the collection of fines 

and permanent inspection of 

environmental damages. 

(Dagnino, 2012; Meira, 2014, 
Rodrigues and Barbieri, 2008) as 
channels to strengthen small user-
oriented innovations. 

The concept of social technology has been 

used by several authors (Dagnino, 2012; 

Dagnino et. al., 2004; Meira, 2014, 

Rodrigues and Barbieri, 2008) to describe 

the technological platform of solidarity 

economy ventures. Social technology 

presupposes the development of 

technology in close relationship with the 

end user and not only in the top-down 

model. In agriculture, social technology is 

closely related to the acquisition of extra 

economic gains due to certified organic 

production, such as in enterprises in the 

solidarity economy model in agrarian 

reform settlements (Benini, et. al. 2012). 

Institutional and 
Development Analysis
Dimensions/Factors

Attributes of Community Rules in Use Physical and Material 
Conditions

Annex 7.1 continued

M. E. Soares Dal Poz et al.



145

References

Andrews, D. (2015). The circular economy, design think-
ing and education for sustainability. Local Economy, 
30(3), 305–315.

Arora, A., & Alfonso, G. (1990). Evaluating technologi-
cal information and utilizing it: Scientific knowledge, 
technological capability, and external linkages in 
biotechnology. Journal of Economic Behavior and 
Organization, 24, 91–114.

Arora, A., & Alfonso, G. (1994). Complementarity and 
external linkages: The strategies of large firms in bio-
technology. The Journal of Industrial Economics, 38, 
361–379.

Aza, A., Riccioli, F., & Di Iacovo, F. (2021). Optimising 
payment for environmental services schemes by inte-
grating strategies: The case of the Atlantic Forest, 
Brazil. Forest Policy and Economics, 125, 102410.

Bazilian, M., Hogner, H., Howells, M., et  al. (2011). 
Considering the energy, water and food nexus: 
Towards an integrated modelling approach. Energy 
Policy, 39(12), 7896–7906.

Belucio, M., Rodrigues, C., Antunes, C.  H., et  al. 
(2021). Eco-efficiency in early design decisions: 
A multimethodology approach. Journal of Cleaner 
Production, 283, 124630.

Benini, É. A., Faria, M.  S. D., Novaes, H.  T., et  al. 
(2012). Gestão pública e sociedade: Fundamentos 
e políticas públicas de Economia Solidária. Outras 
Expressões.

Benites-Lazaro, L. L., Giatti, L., & Giarolla, A. (2018). 
Sustainability and governance of sugarcane etha-
nol companies in Brazil: Topic modeling analysis of 
CSR reporting. Journal of Cleaner Production, 197, 
583–591.

Bennich, T., Belyazid, S., Stjernquist, I., et al. (2021). The 
bio-based economy, 2030 Agenda, and strong sustain-
ability – A regional-scale assessment of sustainability 
goal interactions. Journal of Cleaner Production, 283, 
125174.

Berkes, F., Colding, J., & Folke, C. (2000). Rediscovery 
of traditional ecological knowledge as adaptive man-
agement. Ecological Applications, 10, 1251–1262.

Berkhout, F., Angel, D., & Wieczorek, A. J. (2009). Asian 
development and sustainable sociotechnical regimes. 
Technological Forecasting and Social Change, 76(2), 
218–228.

Berlingske Business. (2016). Politisk uro skræmmer kon-
sortie fra vindmølleprojekt. http://www.business.dk/
energi/politisk-uro-skraemmer-konsortie-fra-vind-
moelleprojekt. Accessed 27 May 2021.

Bevir, M., & Rhodes, R. A. W. (2001, March 9). A decen-
tered theory of governance: Rational choice, insti-
tutionalism and interpretation. Paper presented to a 
colloquium at the Institute of Governmental Studies, 
University of California, Berkeley, CA.  Retrieved 
February 13, 2003, from http://www.igs.berkeley.
edu:8880/events/governance/colloqMark.html

Bisaro, A., & Hinkel, J. (2016). Governance of social 
dilemmas in climate change adaptation. Nature 
Climate Change, 6(4), 354–359.

Blühdorn, I. (2011). The politics of unsustainability: 
COP15, post-ecologism, and the ecological paradox. 
Organization and Environment, 24(1), 34–53.

Blühdorn, I. (2013). The governance of unsustainability: 
Ecology and democracy after the post-democratic 
turn. Environmental Politics, 22(1), 16–36.

Böhmelt e Butkutė. (2018). The self-selection of democra-
cies into treaty design: insights from international envi-
ronmental agreements. International Environmental 
Agreements: Politics, Law and Economics, Springer, 
vol. 18(3), pages 351-367.

Borjesson, K. (2009). Affective Sustainability. Is this what 
timelessness really means? In Undisciplined! Paper 
presented at the Design Research Society Conference 
2008, Sheffield Hallam University, Sheffield, 2009.

Boulding, K.  E. (1966). The economics of the coming 
spaceship earth. In H. Janet (Ed.), Environmental qual-
ity in a growing economy. Johns Hopkins University 
Press.

Cairns, R., & Krzywoszynska, A. (2016). Anatomy of a 
buzzword: The emergence of ‘the water-energy-food 
nexus’ in UK natural resource debates. Environmental 
Science & Policy, 64, 164–170.

CEU. (2021). Council of the European Union. https://
ec.europa.eu/info/energy-climate-change-environ-
ment_pt. Accessed 3 May 2021.

Coase, R. H. (1972). Durability and monopoly. Journal of 
Law and Economics, 1(1), 143–149.

Cohen, W., & Levinthal, D. (1989). Innovation and learn-
ing: The two faces of R & D. The Econometrics 
Journal, 99, 569–596.

Cohen, W., & Levinthal, D. (1990). Absorptive capac-
ity: A new perspective on learning and innovation. 
Administrative Science Quarterly, 35, 128–152.

Coutard, O., & Rutherford, J. (2010). Energy transition 
and city–region planning: Understanding the spatial 
politics of systemic change. Technology Analysis & 
Strategic Management, 22(6), 711–727.

Dagnino, R. (2012). Why science and technology capacity 
building for social development? Science and Public 
Policy, 39(5), 548–556.

Dagnino, R., Brandao, F. C., & Novaes, H. T. (2004). Sobre 
o marco analítico-conceitual da tecnologia social. In 
Tecnologia social: Uma estratégia para o desenvolvim-
ento (pp. 65–81). Fundação Banco do Brasil.

Dal Poz, M. E. S. (2006). Redes de inovação em biotecno-
logia: Genômica e direitos de propriedade industrial. 
Thesis, University of Campinas

Danish Energy Agency. (2015). Regulation and plan-
ning of district heating in Denmark. Danish Energy 
Agency.

Dasgupta, S., Laplante, B., Mamingi, N., et  al. (2001). 
Inspections, pollution prices, and environmen-
tal performance: Evidence from China. Ecological 
Economics, 36, 487–498.

7 WEF Nexus Innovations: The Institutional Agenda for Sustainability

http://www.business.dk/energi/politisk-uro-skraemmer-konsortie-fra-vindmoelleprojekt
http://www.business.dk/energi/politisk-uro-skraemmer-konsortie-fra-vindmoelleprojekt
http://www.business.dk/energi/politisk-uro-skraemmer-konsortie-fra-vindmoelleprojekt
http://www.igs.berkeley.edu:8880/events/governance/colloqMark.html
http://www.igs.berkeley.edu:8880/events/governance/colloqMark.html
https://ec.europa.eu/info/energy-climate-change-environment_pt
https://ec.europa.eu/info/energy-climate-change-environment_pt
https://ec.europa.eu/info/energy-climate-change-environment_pt


146

Davis, L.  E., & North, D.  C. (1971). Institutional 
change and American economic growth. Cambridge 
University Press.

Dawes, R. M. (1980). Social Dilemmas. Annual Review of 
Psychology, 31, 169–193.

Dietz, T., Dolšak, N., Ostrom, E., et al. (2002). The drama 
of the commons. In E. Ostrom, T. Dietz, N. Dolšak, 
et  al. (Eds.), Committee on the human dimensions 
of global change, division of behavioral and social 
sciences and education, the drama of the Commons 
(pp. 3–35). National Academy Press.

Dosi, G., & Orsenigo, L. (1988). Industrial structure and 
technical change. In A.  Heertje (Ed.), Innovation, 
Technology and Finance. Basil Press.

El Bilali, H. (2020). Transition heuristic frameworks 
in research on agro-food sustainability transitions. 
Environment, Development and Sustainability, 22, 
1693–1728.

Ellen MacArthur Foundation (2016) - Towards the circu-
lar economy - Economic and business rationale for the 
accelerated transition. Ellen MacArthur Foundation. 
Available via https://ellenmacarthurfoundation.org/
towards-thecircular-economy-vol-1-an-economic-
and-business-rationale-for-an. Accessed 27 Mar 2021.

Elzen, B., Geels, F. W., & Green, K. (2005). System inno-
vation and the transition to sustainability: Theory, 
evidence and policy. Edward Elgar, University of 
Manchester.

Esposti, R. (2012). Knowledge, technology and innova-
tions for a bio-based economy: Lessons from the 
past, challenges for the future. Bio-based and Applied 
Economics, 1(3), 231–264.

Etzioni, A. (1996). The new golden rule: Community and 
morality in a democratic society. Basic Books.

Felicetti, A., Niemeyer, S., & Curato, N. (2015). 
Improving deliberative participation: Connecting 
mini-public to deliberative systems. European 
Political Science Review, 8(3), 427–448.

Feroz, A. K., Zo, H., & Chiravuri, A. (2021). Digital trans-
formation and environmental sustainability: A review 
and research Agenda. Sustainability, 13, 1530.

Ferrari, V., Silveira, J. M. F. J., & Dal Poz, M. E. (2019). 
Patent network analysis in agriculture: A case study 
of the development and protection of biotechnologies. 
Economics of Innovation and New Technology, 30(2), 
111–133.

Foulon, J., Lanoie, P., & Laplante, B. (2002). Incentives for 
pollution control: Regulation or information? Journal 
of Environmental Economics and Management, 44, 
169–187.

Freeman, C. (1987). Technology and economic perfor-
mance: Lessons from Japan. Pinter.

Fuchs, D. (2007). Business power in global governance. 
Lynne Rienner Publishers.

Gaganis, C., Pasiouras, F., Tasiou, M., & Zopounidis, C. 
(2021). CISEF: A composite index of social, environ-
mental and financial performance. European Journal 
of Operational Research, 291, 394–409.

Gargia-Parpet, M.  F. (2013). A sociologia da economia 
de Pierre Bourdieu. Sociologia & Antropologia, 3(5), 
91–117.

Geels, F. W. (2011). The multi-level perspective on sus-
tainability transitions: Responses to seven criticisms. 
Environmental Innovation and Societal Transitions, 1, 
24–40.

Geels, F. W., & Schot, J. (2008). Strategic niche manage-
ment and sustainable innovation journeys: Theory, 
findings, research agenda, and policy. Technology 
Analysis & Strategic Management, 20(5), 537–554.

Geissdoerfer, M., Paulo, S., Bocken, N.  M. P., et  al. 
(2017). The circular economy  – A new sustainabil-
ity paradigm? Journal of Cleaner Production, 143, 
757–768.

Giddens, A. (1984). The constitution of society. Outline of 
the theory of structuration. Polity.

Gifford, R. A. (2006). General model of social Dilemmas. 
International Journal of Ecological Economics and 
Statistics, 4(6).

Gómez-Baggethun, E., de Groot, R., Lomas, P. L., et al. 
(2010). The history of ecosystem services in economic 
theory and practice: From early notions to markets 
and payment schemes. Ecological Economics, 69(6), 
1209–1218.

Greif, A., & Mokyr, J. (2017). Cognitive rules, institu-
tions, and economic growth: Douglass North and 
beyond. Journal of Institutional Economics, 13(1), 
25–52.

Gupta, J., & Baud, I. S. A. (2015). Sustainable develop-
ment. In P.  Pattberg & F.  Zelli (Eds.), Encyclopedia 
of global environmental politics and Governance 
(pp. 61–72). Edward Elgar.

Gupta, J., & Vegelin, C. (2016). Sustainable develop-
ment goals and inclusive development. International 
Environmental Agreements: Politics, Law and 
Economics, 16(3), 433–448.

Halliday, A., & Glaser, M. (2011). A management per-
spective on social ecological systems: A generic sys-
tem model and its application to a case study from 
Peru. Human Ecology Review, 18(1), 1–18.

Hardin, G. (1968). The tragedy of the commons. Science, 
162, 1243–1248.

Hatta, T. & Haltiwanger, J. (1986). Tax Reform and 
Strong Substitutes. International Economic Review, 
27(2) 303-315.

Hodgson, G.  M. (2017). Institutional economics. In 
L.  Fisher, J.  Hasell, P.  Christopher, et  al. (Eds.), 
Rethinking economics  – An introduction to Pluralist 
economics. Francis & Taylor.

IAEG-SDGs (2016) Inter-agency and expert group on 
sustainable development goal indicators. Update on 
the work to finalize the proposals for the global indica-
tors for the sustainable development goals (pp. 1–7).

Joskow, P. L. (1998). Restructuring, competition and reg-
ulatory reform in the U.S. electricity sector. In H. P. 
Chao (Ed.), Designing competitive electricity markets 
(pp. 11–33). Kluwer.

Katz, M.  L., & Shapiro, C. (1994). Systems competi-
tion and network effects. The Journal of Economic 
Perspectives, 8(2), 93–115.

Keith, M., & Headlam, N. (2017). Comparative inter-
national exemplar urban and living labs. In The 
urban living global challenge: A prospectus. Urban 

M. E. Soares Dal Poz et al.

https://ellenmacarthurfoundation.org/towards-thecircular-economy-vol-1-an-economic-and-business-rationale-for-an
https://ellenmacarthurfoundation.org/towards-thecircular-economy-vol-1-an-economic-and-business-rationale-for-an
https://ellenmacarthurfoundation.org/towards-thecircular-economy-vol-1-an-economic-and-business-rationale-for-an


147

Transformations. Centre on Migration, Policy and 
Society (COMPAS), University of Oxford.

Kemp, R. (2010). Eco-innovation: Definition, measure-
ment and open research issues. Economia Política, 
27(3), 397–420.

Kemp, R., Rotmans, J. (2001). The management of the 
co-evolution of technical, environmental and social 
systems. Paper presented at the international confer-
ence towards environmental innovation systems, 
Garmisch-Partenkirchen.

Kemp, R., & Rotmans, J. (2005). The management of 
the co-evolution of technical, environmental and 
social systems. In M.  Weber & J.  Hemmelskamp 
(Eds.), Towards environmental innovation systems 
(pp. 33–55). Springer.

Kemp, R., & Rotmans, J. (2009). Transitioning policy: 
Co-production of a new strategic framework for 
energy innovation policy in the Netherlands. Policy 
Sciences, 42, 303–322.

Kemp, R., & Volpi, M. (2008). The diffusion of clean 
technologies: A review with suggestions for future dif-
fusion analysis. Journal of Cleaner Production, 16(1), 
14–21.

Kemp, R., Shot, J., & Hoogma, R. (1998). Regime shifts 
to sustainability through processes of niche forma-
tion: The approach of strategic niche management. 
Technology Analysis & Strategic Management, 10(2), 
175–198.

Kemp, R., Loorbach, D., & Rotmans, J. (2007). Transition 
management as a model for managing processes 
of co-evolution towards sustainable development. 
International Journal of Sustainable Development & 
World Ecology, 14, 78–91.

Laplante, B., & Rilstone, P. (1996). Environmental 
inspections and emissions of the pulp and paper indus-
try in Quebec. Journal of Environmental Economics 
and Management, 31, 19–36.

Lara, A. (2015). Rationality and complexity in the work of 
Elinor Ostrom. International Journal of the Commons, 
9(2), 573–594.

Lerhmann, V., Frangioni, M., & Dubé, P. (2015). Living 
Lab as knowledge system: An actual approach for man-
aging urban service projects? Journal of Knowledge 
Management, 19(5), 1087–1107.

Lindblom, C. E. (1979). Still muddling, not yet through. 
Public Administration Review, 39, 517–526.

Lliso, B., Pascual, U., & Engel, S. (2021). On the role 
of social equity in payments for ecosystem services in 
Latin America: A practitioner perspective. Ecological 
Economics, 182, 106928.

Lundvall, B. A. (1992). National systems of innovation: 
Toward a theory of innovation and interactive learn-
ing. Pinter.

Madsen, S.  H. J., & Hansen, T. (2019). Cities and cli-
mate change – Examining advantages and challenges 
of urban climate change experiments. European 
Planning Studies, 27(2), 282–299.

Magat, W.  A., & Viscusi, W.  K. (1990). Effectiveness 
of the EPA’s regulatory enforcement: The case of 
industrial effluent standards. Journal of Law and 
Economics, 33, 331–360.

Magruk, A. (2011). Innovative classification of technol-
ogy foresight methods. Technological and Economic 
Development of Economy, 17(4), 700–715.

Märker, C., Venghaus, S., & Hake, J. F. (2018). Integrated 
governance for the food–energy–water nexus  – The 
scope of action for institutional change. Renewable 
and Sustainable Energy Reviews, 97, 290–300.

Martin, B. R. (1995). Foresight in science and technology. 
Technology Analysis & Strategic Management, 7(2), 
139–168.

Martin, B. R. (2010). The origins of the concept of ‘fore-
sight’ in science and technology: An insider’s perspec-
tive. Technological Forecasting and Social Change, 
77, 1438–1447.

Martínez-Fernández, J., Banos-González, I., & Esteve-
Selma, M. A. (2021). An integral approach to address 
socio-ecological systems sustainability and their 
uncertainties. Science of the Total Environment, 762, 
144457.

Matthews, R., & Sydneysmith, R. (2010). Adaptive 
 capacity as a dynamic institutional process: 
Conceptual perspectives and their application. In 
Adaptive  capacity and environmental governance 
(p. 307). Springer.

McCormick, K., Anderberg, S., Coenen, L., et al. (2013). 
Advancing sustainable urban transformation. Journal 
of Cleaner Production, 50, 1–11.

McKeown, R. (2002). Education for sustainable develop-
ment toolkit. University of Tennessee. https://www.
ramsar.org/sites/default/files/documents/library/esd_
toolkit_version_2.pdf. Accessed 03 May 2021

Meira, F. B. (2014). Liminal organization: Organizational 
emergence within solidary economy in Brazil. 
Organization, 21(5), 713–729.

Ménard, C. (2014). Embedding organizational arrange-
ments: Towards a general model. Journal of 
Institutional Economics, 10, 567–589.

Mowery, D. C., & Rosenberg, N. (1989). Technology and 
the Pursuit of economic growth. Cambridge University 
Press.

Nelson, R.  R. (2008). What enables rapid economic 
progress? What are the needed institutions? Research 
Policy, 37(1), 1–11.

Nelson, R. R., & Rosenberg, N. (1993). Technical inno-
vation and national systems. In R.  R. Nelson (Ed.), 
National Innovation Systems  – A Comparative 
Analysis. Oxford University Press.

Nill, J., & Kemp, R. (2009). Evolutionary approaches for 
sustainable innovation policies: From niche to para-
digm? Research Policy, 38, 668–680.

North, D.  C. (1990). Institutions, institutional change,  
and economic performance. Cambridge University 
Press.

North, D. C. (2005). Understanding the process of eco-
nomic change. Princeton University Press.

OECD. (2013). Organisation for economic co-operation 
and development. Guidelines on measuring subjective 
well-being. OECD Publishing.

Olson, M. (1965). The logic of collective action: Public 
goods and the theory of groups (Revised ed). Harvard 
University Press.

7 WEF Nexus Innovations: The Institutional Agenda for Sustainability

https://www.ramsar.org/sites/default/files/documents/library/esd_toolkit_version_2.pdf
https://www.ramsar.org/sites/default/files/documents/library/esd_toolkit_version_2.pdf
https://www.ramsar.org/sites/default/files/documents/library/esd_toolkit_version_2.pdf


148

Ostrom, E. (1990). Governing the commons: The evolu-
tion of institutions for collective action. Cambridge 
University Press.

Ostrom, E. (1998). A behavioral approach to the  
rational choice theory of collective action: presiden-
tial address. American Political Science Review, 92,  
1–22.

Ostrom, E. (1999). Coping with Tragedies of the 
Commons. Workshop in Political Theory and Policy 
Analysis; Center for the Study of Institutions, 
Population, and Environmental Change, Indiana 
University, Bloomington, Indiana 47408-3895.

Ostrom, E. (2000). Collective action and the evolution of 
social norms. The Journal of Economic Perspectives, 
14, 137–158.

Ostrom, E. (2005). Doing institutional analysis: Digging 
deeper than markets and Hierarquies. In C. Ménard & 
M. M. Shirley (Eds.), Handbook off new institutional 
economics. Springer.

Ostrom, E. (2009). Beyond markets and states: Polycentric 
governance of complex economic systems. The 
American Economic Review, 100(3), 641–672.

Ostrom, E. (2011). Background on the institutional analy-
sis and development framework. Policy Stud. J. 2011, 
39, 7–27.

Ostrom, V., Tiebout, C.  M., & Warren, R. (1961). The 
organization of Government in metropolitan areas: A 
theoretical inquiry. American Political Science Review, 
55, 831–842. Reprinted in McGINNIS, Michael D 
(ed) 1999.

Ostrom, E., Gardner, R., & Walker, J. (1994). Rules, 
Games, and Common-Pool Resources. University of 
Michigan Press.

Penrose, E. T. (1971). The growth of firms, Middle East oil 
and other essays. Frank Cass.

Pereira, R., & Pereira, A. (2019). Financing a renewable 
energy feed-in tariff with a tax on carbon dioxide emis-
sions: A dynamic multi-sector general equilibrium 
analysis for Portugal. Green Finance, I(3), 279–296.

Polski, M.  M., & Ostrom, E. (1998). An institutional 
framework for policy analysis and design. Paper pre-
sented at the workshop in political theory and policy 
analysis. Indiana University, Bloomington.

Rennings, K. (2000). Redefining innovation  – Eco-
innovation research and the contribution from eco-
logical economics. Ecological Economics, 32(2), 
319–332.

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in 
a general theory of planning. Policy Sciences, 4(2), 
155–169.

Rodrigues, I., & Barbieri, J. C. (2008). A emergência da 
tecnologia social: revisitando o movimento da tecno-
logia apropriada como estratégia de desenvolvimento 
sustentável. Revista de Administração Pública, 42(6), 
1069–1094.

Roggero, M., Käler, L., & Hagen, A. (2019). Strategic 
cooperation for transnational adaptation: Lessons 
from the economics of climate change mitiga-
tion. International Environmental Agreements, 19, 
395–410.

Romeiro, A. R. (2012). Sustainable development: An eco-
logical economics perspective. Estudos Avançados, 
26(74), 65–92.

Sabel, C. (1993). Learning by monitoring: The institu-
tions of economic development. In N.  J. Smelser & 
R. Swedberg (Eds.), The handbook of economic soci-
ology (pp. 137–165). Princeton University Press.

Schmidt-Traub, G., Kroll, C., Teksoz, K., et  al. (2017). 
National baselines for the sustainable development 
goals assessed in the SDG Index and Dashboards. 
Nature Geoscience, 10, 547–556.

Scotchmer, S. (2004). Innovation and incentives. MIT 
Press.

Scozzi, B., Bellantuono, N., & Pontrandolfo, P. (2017). 
Managing open innovation in urban labs. Group 
Decision and Negotiation, 26(5), 857–874.

SDSN. (2015). Indicators and a monitoring framework 
for sustainable development goals: Launching a data 
revolution for the SDGs. Sustainable Development 
Solutions Network.

Sengers, F., Wieczorek, A.  J., & Raven, R. (2019). 
Experimenting for sustainability transitions: A sys-
tematic literature review. Technological Forecasting 
and Social Change, 145, 153–164.

Servaes, J., & Lie, R. (2014). New challenges for com-
munication for sustainable development and social 
change: a review essay. Journal of Multicultural 
Discourses, 10(1), 124–148. https://doi.org/10.1080/1
7447143.2014.982655

Silva, S., Soares, I., & Afonso, O. (2021). Assessing the 
double dividend of a third-generation environmental 
tax reform with resource substitution. Environment, 
Development and Sustainability. https://doi.
org/10.1007/s10668-021-01290-7

Teece, D.  J., Pisano, G., & Shuen, A. (1997). Dynamic 
capabilities and strategic management. Strategic 
Management Journal, 18(7), 509–533.

Teisman, G. R., & Edelenbos, J. (2011). Towards a perspec-
tive of system synchronization in water governance: A 
synthesis of empirical lessons and complexity theo-
ries. International Review of Administrative Sciences, 
77(1), 101–118.

Thaler, R. (2000). From Homo Economicus to Homo 
Sapiens. The Journal of Economic Perspectives, 14(l), 
133–114.

Tsaples, G., & Papathanasiou, J. (2021). Data envelop-
ment analysis and the concept of sustainability: A 
review and analysis of the literature. Renewable and 
Sustainable Energy Reviews, 138, 110664.

Vare, P., & Scott, W. (2007). Learning for a change: 
Exploring the relationship between education and 
sustainable development. Journal of Education for 
Sustainable Development, 1, 191–198.

Voytenko, Y., McCormick, K., Evans, J., et  al. (2016). 
Urban living labs for sustainability and low carbon cit-
ies in Europe: Towards a research Agenda. Journal of 
Cleaner Production, 123, 45–54.

Waldman, M. (1993). A new perspective on planned obso-
lescence. Quarterly Journal of Economics, 108(1), 
273–283.

M. E. Soares Dal Poz et al.

https://doi.org/10.1080/17447143.2014.982655
https://doi.org/10.1080/17447143.2014.982655
https://doi.org/10.1007/s10668-021-01290-7
https://doi.org/10.1007/s10668-021-01290-7


149

Wieczorek, A.  J., Raven, R., & Berkhout, F. (2015). 
Transnational linkages in sustainability experi-
ments. The case of solar PV in India. Environmental 
Innovation and Societal Transitions, 17, 149–165.

Williamson, O. E. (1993). Calculativeness, trust, and eco-
nomic organization. Journal of Law and Economics, 
34, 453–502.

Wise, R., Fazey, Y., Smith, M.  S., et  al. (2013). 
Reconceptualising adaptation to climate change as 
part of pathways of change and response. Global 
Environmental Change, 28, 325–336.

World Bank Agenda 2030. (2021). US Washsington. 
https://www.worldbank.org/en/programs/sdgs-2030-
agenda. Accessed 27 Mar 2021.

World Economic Forum. (2011). Committed to 
improving the State of The World. http://www3.
weforum.org/docs/WEF_WI_WaterSecuri ty_
WaterFoodEnergyClimateNexus_2011.pdf. Accessed 
16 Mar 2021.

Zhang, C., Chen, X., Li, Y., Ding, W., & Fu, G. (2018). 
Water-energy-food nexus: Concepts, questions and 
methodologies. Journal of Cleaner Production, 195, 
625–639.

Zihare, L., Kubule, A., Vamza, I., Muizniece, I., & 
Blumberga, D. (2021). Bioeconomy triple factor 
nexus through indicator analysis. New Biotechnology, 
61, 57–68.

7 WEF Nexus Innovations: The Institutional Agenda for Sustainability

https://www.worldbank.org/en/programs/sdgs-2030-agenda
https://www.worldbank.org/en/programs/sdgs-2030-agenda
http://www3.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf
http://www3.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf
http://www3.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf


151

8Innovations Towards “the Nexus” 
in the Science-Politics-Society 
Interface: What Transformations 
Do We Really Seek?

Alberto Matenhauer Urbinatti

Abstract

The debate on the nexus between water, 
energy, and food (WEF) has generated expec-
tations on the global stage about possible 
innovative transformations towards sustain-
ability. On the one hand, “the nexus” has been 
an important umbrella concept for innovative 
research on intersectoral and multilevel gover-
nance of WEF systems, responsible manage-
ment of resources, and integrated 
methodologies. On the other hand, the argu-
ment is that there is little discussion about the 
communicative processes in which knowledge 
is bargained to pursue innovation. In this con-
text, the questions that arise here are as fol-
lows: What kind of transformations do we 
really seek from this approach? How can this 
debate be related to the Brazilian context? 
This chapter aims at discussing these ques-
tions in the light of two projects friendly to the 
nexus approach in Brazil. For this purpose, the 
Sustainable Cities Innovation Observatory 
(OICS) database will be used. Finally, this 
chapter provides insights on how to move 
towards more responsible nexus innovations.

Keywords

Water-energy-food nexus · Science-politics 
interface · Knowledge production · 
Innovation · Sustainability transformations

8.1  Introduction

The interconnection between water, energy, and 
food that the nexus approach proposes is already 
well known to many: the production of energy 
involves water; the distribution of water, in turn, 
involves energy; and water and energy are neces-
sary conditions for food production. Not surpris-
ingly, resources have had a close interdependence 
to supply the needs of different civilizations. In 
the last decades, this overlapping of resource 
flows has generated, on the one hand, expecta-
tions for sustainable development but, on the 
other, several uncertainties related to the security 
of resources in a climate change scenario.

While seeking to reduce trade-offs between 
resources, the nexus approach requires different 
synergies. According to Hoff (2011, p.  5), “a 
nexus approach can support a transition to sus-
tainability, by reducing trade-offs and generating 
additional benefits that outweigh the transaction 
costs associated with stronger integration across 
sectors. Such gains should appeal to national 
interest and encourage governments, the private 
sector and civil society to engage.” Therefore, the 
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approach was designed to encourage collabora-
tion between different sectors.

Shared knowledge is the reference point for 
this collaboration. For example, when scientists 
engage in politics, they are likely to be emphasiz-
ing the validity of their claims to knowledge. On 
the other hand, when politicians engage in scien-
tific debates, they are likely to claim that they 
make decisions based on the best available 
knowledge. “This does not mean, however, that 
knowledge claims are translated directly into 
political decisions or that scientists would be the 
ultimate power holders” (Grundmann, 2007, 
p. 416). In this case, it is vital to understand how 
this knowledge is produced, the disagreements, 
and the acceptability of evidence in pluralistic 
societies (Jasanoff, 1994).

In this context, this chapter assumes that it is 
crucial to grasp the nexus debate as a negotiated 
knowledge at the science-politics-society inter-
face. What is under negotiation is the innovative 
dimension of sustainability for public and private 
governance of resources. Firstly, this chapter 
aims to discuss theoretical aspects of knowledge 
at a science-politics-society interface to analyze 
some practical projects in the Brazilian context 
that can help us answer the following starting 
question: What sustainable transformations do 
we really seek?

8.2  Methodology

The methodology employed in this chapter is 
divided into two parts. First, a literature review 
was carried out in order to investigate how the 
interrelation between science and politics was 
approached throughout the last century, with 
greater focus on its second half. Overall argu-
ments were sought in the field of sociology, phi-
losophy, and planning. The aim is to conduct a 
review of the main authors who proposed to 
think about the place of knowledge at the 
science- policy interface. From this, the chapter 
goes closer to the relationship between knowl-
edge and society, delving into the literature of 
Science and Technology Studies (STS). Second, 
the debate turns to the nexus topic to discuss the 

intertwining of knowledge and innovation. To 
this end, authors who address the subject were 
also reviewed. Finally, the chapter brings practi-
cal examples of projects that seek sustainable 
innovation, from the pillars of water, energy, and 
food in Brazil. This chapter is oriented by a con-
structivist approach to the science-politics-soci-
ety interface in the nexus literature. A 
constructivist approach is a way to collectively 
understand controversies, to address questions to 
be investigated, and to reestablish the basis for 
scientific autonomy within a democratic scope 
(Jasanoff, 1996).

8.3  Knowledge at the Science- 
Politics Interface

The role that knowledge plays in scientific pro-
duction or policy-making is an object of dispute. 
Science and politics have been treated in norma-
tive ways throughout recent history, suggesting 
different modes of governance (Habermas & 
Shapiro, 1971; Raman, 2014).

One of them is the decisionist model, based on 
Weber’s work in the final of the nineteenth cen-
tury. Millstone (2007) shows that this author has 
argued that modern industrial societies work on 
bureaucratic forms of governance. The decision-
ist model was defined in that context, considering 
deliberations of bureaucrats as secondary to 
political decisions defined from previous objec-
tives. Confronting “politics” and “science,” this 
model considers the first as an initial point to the 
second: “In the decisionist model, politics domi-
nate science. Politicians use the results of 
research selectively and ad hoc in pursuit of their 
own interests, while scientific discoveries and 
their political consequences hardly gain a hearing 
in public and in the political decision-making 
process” (Sager, 2007, p. 5). The problem is the 
strong anchorage in rationalizing choices through 
calculated strategies and automatic decision pro-
cedures (Habermas, 1994). In other words, in this 
model, one may find political, tactical, interac-
tive, and dialogical associations of science utili-
zation instrumentally by policy-makers (Edwards, 
1999).
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In contrast, at the end of World War II, the 
progress of science became attractive to govern-
ments, particularly when scientists influenced 
governance agendas and political parties (Sager, 
2007). Thus, inspired by the ideas of Saint-Simon 
and Auguste Comte, the so-called technocratic 
model emerged (Millstone, 2007). Roughly 
speaking, if in the decisionist model, politics 
dominates science, in the technocratic model, 
science dominates politics. The problem is that 
this model does not consider the existence of 
empirical uncertainty, pluralism of perspectives, 
and the social construction of science itself 
(Edwards, 1999). Habermas (1994) states that the 
dilemma is the imminent need for technical prog-
ress that would appear to be an independent and 
self-regulating process based on social interests 
operating in the model. In addition, the assump-
tion that there is a continuous rational process in 
dealing with technical and practical problems 
does not necessarily happen.

In this context, Habermas suggested pragma-
tism. The opposition between the expert and the 
politician is replaced by a critical interaction. In 
this interaction, the exercise of power with ideo-
logical and non-legitimized bias would be elimi-
nated to make the “scientifically informed 
discussions” accessible, in Habermas’ words 
(1994, p.  67). For the author, this is the only 
model that necessarily presupposes democracy. 
Sager (2007) says that Habermas defined this 
model as a nonhierarchical relationship between 
science and politics. The public would mediate 
this relationship for Habermas as a political insti-
tution. It indicates a communicative process in 
which there is rooting in a particular social 
 lifeworld with social interests and values 
(Habermas, 1994).

Years later, Habermas dealt with the theme of 
democracy from the concept of “deliberative pol-
itics” (Habermas, 1996). The author showed that 
the idea is linked to communicative presupposi-
tions insofar as it includes the cultural and social 
context of the political public sphere. Habermas 
understands that democracy is discursive to the 
extent that the participants involved should have 
the capacity to deliberate, from an epistemic and 
political path to mutual understanding and con-

sensus, and discursive ethics would provide regu-
latory principles (Durant, 2011; Habermas, 
1996).

Some similar discussions took place in the field 
of planning. Considering planning as “the applica-
tion of scientific methods to policy- making pro-
cesses” (Faludi, 1973, p.  1), this discussion also 
fits here. The tradition that was considered domi-
nant in planning theory was exactly the rationalist 
one. To some extent, it considers that the decision 
precedes the action (Friedmann & Hudson, 1974). 
David Collingridge called a “justificationist 
model,” in which “only those decisions which can 
be fully justified are seen as rational” (Genus & 
Stirling, 2018, p. 66). Lindblom (1959) called it a 
“synoptic model.” As Collingridge and Douglas 
show (1984, p. 344): “On this view, a policymaker 
ought to achieve a synoptic view of his problem 
before making decisions.” For Stirling (1994), all 
justificationist approaches tend to measure the per-
formance of a set of options that meet some 
implicit or explicit weighted appraisal criteria. 
Two examples are cost-benefit and risk analysis, 
which tend to reduce the possibility of recognition 
for uncertainties, ambiguities, and ignorance 
(Genus & Stirling, 2018).

Charles Lindblom (1959) criticized the litera-
ture of decision-making and planning by focus-
ing on strategic and mechanical choices. That is, 
they were interested in choosing the best means 
to achieve certain ends. He called rational- 
comprehensive methods or the “root” method. In 
opposition to this, Lindblom proposed the suc-
cessive limited comparisons method or the 
“branch” method. The second approach is appro-
priated to complex problems since the first would 
not tackle them. The branch method put together 
values, goals, and empirical analysis to show that 
they are intertwined. In this way, means and ends 
are not distinct. Dahl and Lindblom were propel-
lers of what came to be called “incrementalism,” 
in which they questioned how incremental strate-
gies at the individual level might fit within broad 
processes of social control (Atkinson, 2011). The 
core of incrementalism can be summarized as the 
action of decision-makers when trying to solve 
problems in the absence of certainty “will usually 
engage in a local search for options,” and conse-
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quently, “this results in small adjustments from 
the status quo premised on what is practical and 
what is possible” (Atkinson, 2011, p. 10).

Twenty years after this publication, Lindblom 
(1979) divided the general idea into two 
approaches: disjointed incrementalism as an ana-
lytical method and political incrementalism as a 
political pattern, incorporating changes in small 
steps. In this way, incrementalism became an 
integral part of what Lindblom called a partisan 
mutual adjustment. The main question for him 
was the rational adaptation of one act to the exist-
ing policies and the anticipated actions. To some 
extent, incrementalists consider a path depen-
dency. Lindblom stressed the idea that self- 
interested partisans practicing incrementalism 
could achieve policy coordination and play an 
essential role in intelligent policies without the 
need for a synoptic model (Atkinson, 2011).

Smith and May (1980) understood this separa-
tion between rationalists and incrementalists as 
artificial for two reasons. The first is a confusing 
relationship between what “is” and what “ought 
to be,” somehow determining that incrementalist 
models have explanatory tendencies while ratio-
nalist models have prescriptive ones. The second 
is that the debate does not consider the need to act 
on any set of decision-making rules and, pre-
cisely because of this, neglects how policy- 
makers may use “decision-making” as a glossary 
for different practices. It is from this context that 
the mixed-scanning model appears. This model 
includes elements from both rationalist and incre-
mentalist models. That is, it looks at both the 
richness of detail strategically gathered for a 
decision and similar patterns of development 
(Etzioni, 1967). “Etzioni accepts Lindblom’s 
criticism of the synoptic ideal, but rejects dis-
jointed incrementalism on the grounds that it 
gives too great a weight to the powerful in policy-
making, that many decisions are not incremental, 
and that it encourages bureaucratic inertia” 
(Collingridge & Douglas, 1984, p. 362).

In the mid-1980s, planners incorporated into 
the planning theory ideas recently published by 
Jürgen Habermas, which can be called a “com-
municative turn” in planning theory (Healey, 
1996). Incrementalism was an important bedrock 

of this debate. John Forester (1980) was one of 
the pioneers, discussing the communicative char-
acter of planning actions through structures such 
as the organizational and political contexts of 
planning practice as provocateurs of constant and 
systematic distorted communications. The ques-
tion in this way was: “Does the planner speak in 
a way that people can understand, or are they 
mystified?” (Forester, 1980, p. 276). He inquired 
about the political and selective orientation of 
decision-making agendas and the unequal par-
ticipation of citizens. Sager (1995) re-signified 
the debate that opposed synoptic planners to the 
incrementalists from Habermas’ communicative 
theory, inserting the norm of dialogue into dis-
jointed incrementalism. For him, knowledge is 
constructed in discourse. In this way, a consensus 
among informed people discussing in an “undis-
torted communication” way creates true knowl-
edge. This claim can be considered a controversy, 
but he insisted that it is a starting point for formu-
lating both the synoptic and the incrementalist 
planning models (Sager, 1995).

This theoretical background was an overview 
of how the interfaces between science and poli-
tics in decision-making were approached differ-
ently. In the next section, I will bring up elements 
that emphasize dialogue at the interfaces of sci-
ence and politics with society.

8.4  The Production 
of Knowledge 
and the Interface 
with Society

Authors like Sheila Jasanoff and Brian Wynne, 
scholars in the Science and Technology Studies 
(STS) field, have something to share with 
Habermas’ so-called discursive ethics (Durant, 
2011). They are not Habermasian; however, they 
share, through different views, the concern with 
the deliberative process that presupposes democ-
racy and public participation. In the pursuit of 
this attempt, STS has made significant contribu-
tions to broadening out more robust understand-
ings of the science-politics interface. STS is a 
crucial field in which scientific knowledge and 
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policy-making become part of the same process 
because it is a distinctly hybrid object between 
science and politics (Raman, 2014). This means 
that efforts by scientists and politicians to sepa-
rate areas of expertise have created hybrid pro-
cesses that make political decisions more difficult 
(Gieryn, 1997; Jasanoff, 1994; St Clair, 2006).

In this way, this field has produced efforts to 
democratize science, making technoscientific 
research closer to the ideals of inclusive opinion- 
making and accountable decision-making (de 
Vries, 2007; Marres, 2007). Lemos and 
Morehouse (2005) summarized that the science 
produced for politics generated a dichotomy 
between “applied” and “decision-driven,” and, 
secondly, science turned only to research was 
called “basic” and “knowledge-driven.” The third 
way for these authors happens when the division 
between science and politics is dissolved and 
“usable” knowledge is co-produced in the con-
text of everyday interaction between scientists, 
policy-makers, and the public. Here, as in STS 
literature more widely, what is at stake is the 
degree and quality of participation as much in the 
making of science as policy. Public participation 
in science was often seen as non-science (see 
Kuhn, 1977; Merton, 1973). Some models pro-
posed by STS authors were unfairly called “pop-
ulists” (Raman, 2014). To some extent, this also 
indicates an indirect critique of knowledge pro-
duction within the policy formulation process, or 
in other words, a critique of policy appraisal.

Scientific knowledge has undergone signifi-
cant changes in the last century. To some extent, 
experts have had to deal with the limitations of 
their outcomes. This is not to say that they have 
found reliable previsions of the unpredictable, 
but they probably have learned from past mis-
takes (Stirling, 2011). The idea of mistakes here 
is associated with the historical tendency to spe-
cialize scientific procedures making whatever it 
takes. However, these attempts may have failed 
in many circumstances since complex problems 
often require complex solutions (Funtowicz & 
Ravetz, 1997). If we agree that contemporary 
phenomena are endowed with complexities, any 
narrow worldview is prone to error if outlined in 
a very specialized way to find out solutions.

As Weber showed at the beginning of the 
twentieth century, the “Western rationalism” was 
born of a culture of experts, which would have 
made cognitive, aesthetic-expressive, and moral- 
practical elements specialize (Habermas, 1994). 
This rationalism was shaped throughout the 
Industrial Revolution and may be considered a 
fundamental process in the constitution of the 
modern world. At least, this new world was inau-
gurated by the premises of a capitalist model that 
expanded in Europe in the nineteenth century. 
This process placed new paradigms for eco-
nomic, political, social, and scientific relations. 
Consequently, just as the changes themselves 
brought new uncertainties, the old uncertainties 
about the “unknown” were reinforced.

Undoubtedly, environmental issues are com-
pelling examples of this. The future of environ-
mental governance is permeated by constant 
“insecureness” at different scales. Firstly, this 
probably happens because of the relationship 
between uncertainty and insecurity: Uncertainty 
here may represent feelings like fear or helpless-
ness, showing a link to risk. Secondly, assertive 
scientific responses are very complicated and can 
be reduced in probability scenarios. Wynne 
(1992) differentiated risk assessment and uncer-
tainty by showing that the first is a scientific way 
to analyze risk and safety problems related to 
technology. According to this author, this kind of 
assessment reduces uncertainty artificially 
because it treats “all uncertainties” as if they 
were determinate by a cause-effect system.

Collingridge (1980) shows that if one of the 
outcome options cannot be identified, it can be 
said to be at risk, and the Bayesian rule can be 
applied, enabling the decision-maker to optimize 
the expected value. The same rule has been 
applied for those decisions called “under uncer-
tainty,” in which it is impossible to determine the 
objective probability distribution. To differentiate 
between those decisions that can receive Bayesian 
optimization and those that cannot, the author 
calls the latter “decisions under ignorance.” 
Technology control, for example, would fall into 
this second category. Collingridge bases his anal-
ysis primarily on Popper’s philosophy of fallibil-
ism, showing that errors are inherent parts of 
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humans and contrasting with the still-dominant 
synoptically rationalized decisions (Genus & 
Stirling, 2018).

Stirling provides a sophisticated picture of 
these decisions, which he called “contrasting 
states of incomplete knowledge” (2007) or 
“uncertainty matrix” (2010). For him, there are at 
least four categories: risk, ambiguity, uncertainty, 
and ignorance. Certain scientific methods tend 
more to one of these categories, but it is problem-
atic. So he says that “[a] definitive science-based 
decisions are not just potentially misleading — 
they are a fundamental contradiction in terms” 
(Stirling, 2010, p. 1030). Even when experts try 
to address uncertainty, they tend to reduce it to 
measurable risk (Stirling, 2011). The acceptance 
of unknowns in traditional scientific methods is 
unusual. This is why experts are always trying to 
block off them in some specific approach. From 
this, Stirling suggests the old term “incertitude” 
because it may represent better all kinds of unrul-
iness in knowledge production, avoiding merely 
simplifications of uncertainty as a probability 
(Stirling, 2019). Notwithstanding, incertitude is 
not a simple condition but an endemic status of 
science, policy, and finance.

Utmost presumably to avoid the obscure, the 
production of knowledge has crystallized into 
methods that have not been extended to the 
appraisal of society. Knowledge, therefore, would 
be more prone to “closing down,” i.e., treated in a 
prescriptive and instrumental way to justify a 
choice, than to “opening up,” elucidating broad, 
plural, and democratic decision-making pro-
cesses (Stirling, 2007, 2015). “Knowledge is rou-
tinely represented as a discrete quantifiable 
medium – to be appropriated, accumulated, mea-
sured and distributed according to universal tem-
plates. This is a convenient construct” (Stirling, 
2009, p. 34). These failures in participatory and 
precautionary constructions of knowledge are 
reflected in policy responses and policy thinking 
(Stirling & Scoones, 2009).

As far as much nexus-oriented science is con-
cerned, there is no explicit recognition of this sta-
tus of incertitude. This might be reproducing 
some errors in treating the concept under norma-
tive aspects that, instead of “open up” knowledge 

production, tend to “close it down” in specific 
scientific consensus groups (Urbinatti et  al., 
2020). In the next section, the innovative dimen-
sion of the nexus will be addressed.

8.5  Nexus Innovations

The literature review conducted by Wiegleb and 
Bruns (2018) concludes that a prominent view on 
the “WEF nexus” is the technoscientific approach, 
often based on the theories of “ecological mod-
ernization.” This involves an essentially positive 
and optimistic understanding of the potential for 
the claimed “win-win” dynamics around sustain-
able technologies or green innovations, such as 
rainwater harvesting, desalination based on 
renewable energy, and photovoltaic water pumps 
(Hoff, 2011). Wiegleb and Bruns (2018) high-
light the non-neutrality of these discourses and 
how wider sociopolitical dimensions of nexus 
discourses are poorly addressed in the resulting 
“solutionism.” Greater weighting is thereby 
implicitly given to concepts and bodies of evi-
dence structured in terms of narrow economic 
cost-effectiveness and resource efficiency as seen 
from technical-administrative perspectives. The 
point is not to be at all pessimistic but simply to 
admit that overly intense preoccupations with 
technology can minimize the acknowledgment of 
broader social, economic, and political drivers 
and solutions.

An overly uncritical obsession with innova-
tion in the debates over the WEF nexus can be 
seen as part of the problem rather than contribut-
ing to the solution. Approaches founded too 
exclusively on technical definitions of problems 
and solutions can hide crucial political decisions 
around technological pursuits (Allouche et  al., 
2015). Here, the hybrid political-technical nature 
of the nexus becomes crucial. Since the diversity 
of social forces is complicit in shaping the forms 
that the nexus takes, it is more accountable to be 
explicit about co-production processes. With par-
ticular efforts to resist the barriers to the least 
powerful groups, diverse social actors should be 
involved in recognizing and defining viable infra-
structural and institutional options to address the 
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nexus challenges in particular settings, weigh up 
their respective pros and cons, and explore uncer-
tainties and context-dependencies. Thus, access 
to water, energy, and food for vulnerable popula-
tions can be promoted.

The key issue is not the designed responses to 
the nexus problems but the frequent necessity of 
technological interventions to assume that these 
responses can be sufficient. Somehow, it is neces-
sary to recognize the hubris behind scientific and 
technological achievements throughout history 
and deal with the hybrid implications that have 
arisen (Hård & Jamison, 2013). The most critical 
question about technical contributions to nexus 
problems is not in the binary resolution of better 
or worse solution within private interests. Rather, 
it is the queries about “what are the alternatives,” 
“who says,” and “why” about the public good. 
These are more challenging questions for partici-
pation and democracy than for technical 
expertise.

Over and above the dubiousness about the 
technological contributions to addressing “the 
nexus,” greater appreciation is demanded for the 
roles of transparency, accountability, and partici-
pation in determining the appropriate directions 
for technological change. It is also crucial to 
respect the potential of social technologies, 
grassroots innovations, and deeper innovation 
democracies, thereby recognizing particular 
directions and diversity. The benefits of innova-
tions around recycling, reuse, waste reduction, 
and renewable resources, for instance, lie in the 
speed with which any given technology is pur-
sued in any particular area, and which technology 
is chosen, and in what form. To address such 
dilemmas robustly requires effective innovation 
along with ongoing participatory deliberation 
and democratic debate.

The responsible research and innovation 
(RRI) concept is getting traction to address the 
resulting challenges. RRI deals directly with the 
challenges of anticipation and accountability 
around innovation (Grinbaum & Groves, 2013). 
It highlights the problem famously recognized by 
Collingridge (1980); the period that there is the 
most significant potential for influencing techno-
logical change is typically at the earliest stages 

when understandings of the consequences are 
least developed and distributed. Moves towards 
“responsible innovation” can therefore span the 
divide between caricature pessimism and opti-
mism, such as recognizing the importance of 
deliberate societal steering of which particular 
technological pathways get to be pursued and 
those get set aside (Genus & Stirling, 2018). 
Technologies are getting perpetually inseparably 
entwined into the structure of society, and as 
funders push for quicker development and inno-
vation, this process requires comprehending the 
audience, perceptions, and values related to those 
technologies (Monteiro, 2018).

Hoolohan et al. (2019) suggest that the poten-
tial of technological innovations throughout the 
WEF nexus depends on recognizing the unin-
tended consequences of policy mechanisms to 
support technological adaptation and restructur-
ing of incentives for the achievement of multi- 
sectoral benefits, for example, energy production 
processes via anaerobic digestion, concluding 
from environmental, economic, and social 
aspects that it is a positive innovation towards 
“the nexus.” According to the authors, it is vital to 
ensure transparency about both harm and public 
benefits, as well as ethical accountability in how 
a decision can affect people’s lives.

This leads to qualities of learning that are cen-
tral to the “nexus of humility” framework pro-
posed by Urbinatti et al. (2020). This dimension 
is based on plurality and permeates all the others. 
The scientific knowledge is essential but not in 
itself sufficient. To recognize and materially 
enact this in existing governance processes 
(rather than merely rehearse it rhetorically) is a 
significant undertaking for learning by policy and 
scientific actors in particular. “To be dialogical, 
even the humbler social actors must be involved 
in the process, having the opportunity, through a 
self-reflection on their context, to evaluate the 
risk and to consider which kind of alternatives 
can be better to them” (Giatti, 2019, pp. 31–32). 
Furthermore, with imperatives operating in mul-
tiple directions, social learning can become 
robust only if it is constituted in plural pro-
cesses  – not merely one-way science/techni-
cal communication nor even just “two-way” 
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dialogue between experts and society. Let us look 
at some examples to discuss these interactions.

8.6  Exploring the Sustainable 
Cities Innovation 
Observatory

The Sustainable Cities Innovation Observatory 
(Observatório de Inovação para Cidades 
Sustentáveis/OICS, in Portuguese) is part of 
CITinova, a multilateral project conducted by the 
Ministry of Science, Technology, and Innovations 
(MCTI) to promote sustainability in Brazilian 
cities through innovative technologies and inte-
grated urban planning. The project is funded by 
the Global Environment Facility (GEF), imple-
mented by the United Nations Environment 
Programme (UNEP), and run in partnership with 
Recife Agency for Innovation and Strategy 
(Agência Recife para Inovação e Estratégia/
ARIES) and Porto Digital, Center for 
Management and Strategic Studies (Centro de 
Gestão e Estudos Estratégicos/CGEE), 
Sustainable Cities Program (Programa Cidades 
Sustentáveis/PCS), and Secretariat of 
Environment of Federal District (Secretaria do 
Meio Ambiente/SEMA/DF).

A practical example of how CTinova is within 
nexus thinking is a project involving magnetized 
water in agriculture. It is a pilot project being 
implemented in Chácara Colina, Brazlândia, in 
the Federal District, by the Secretariat of 
Environment (Sema-GDF). According to the 
researchers involved in the project, water exposed 
to static magnetic induction (SMI) enables 
greater hydration, altering cellular metabolism.1 
This makes more energy available for plant 
growth and reduces the consumption of water 
and pesticides. High-flow magnetizers aim for 
higher magnetic intensity and efficiency, enabling 
increased productivity in conventional irrigation 
systems. We can easily recognize here the syner-
gies between water, energy, and food systems. 

1 See https://citinova.mctic.gov.br/projeto-piloto-sobre-o-
uso-de-agua-magnetizada-na-agricultura-tem-bons-resul-
tados/ (accessed May 5, 2021).

For sure, it is a great advance for the country; 
however, CTinova contributes even more in the 
way the generation and application of knowledge 
has been encouraged.

The OICS has defined typologies of city 
regions that are organized to address specific 
urban challenges, considering characteristics of a 
territory based on geophysical data and indica-
tors aligned with the Sustainable Development 
Goals (SDGs). The observatory also carries out a 
compilation of solutions that involve big data 
analysis, co-production processes, and consulta-
tion with experts. The proposal, therefore, is to 
articulate public managers, civil society, compa-
nies, and academia in favor of the urban agenda, 
co-producing alternatives for the transition of cit-
ies towards sustainability. The choice to look at 
this project makes us ground the debate on nexus 
innovations in the Brazilian territory from real 
examples. This is because the OICS project cate-
gories include the main nexus-related themes: 
low-carbon mobility and access to and in the city; 
affordable and rationally used clean water and 
decentralized and efficient sanitation; decentral-
ized and efficient renewable energy; solid waste, 
circular economy, and efficient treatment; nature- 
based solutions and green and blue infrastructure 
for greater resilience to climate change; partici-
patory vision and integrated long-term planning; 
low-carbon and socially beneficial built environ-
ment; and innovation, policies, and vocational 
strategies for regional development and the 
strengthening of value chains.

The OICS platform is interactive, and we can 
filter the case studies based on their connections 
to the SDGs. I will look at two projects on the 
platform related to SDG 6 (clean water and sani-
tation) and SDG 7 (renewable and affordable 
energy). The intention here is to show two differ-
ent scales of innovative nexus-friendly projects.

The first project that draws attention is 
Aquapolo, created in 2009, which uses sophisti-
cated water treatment processes for reuse and dis-
tribution to the industry. After going through the 
treatment process performed by the Basic 
Sanitation Company of the State of São Paulo 
(Companhia de Saneamento Básico do Estado de 
São Paulo/SABESP), the water goes to Aquapolo, 
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which collects 650 liters per second in an auto-
mated way and sends the water back to the com-
pany for treatment. In this process, the organic 
matter present in the water is oxidized with car-
bon dioxide, and the ammonia resulting from the 
oxidation is transformed into nitrate. This, in 
turn, is removed by an anoxic reactor. In the next 
step, the water passes through an aerobic reactor 
to remove the remaining organic matter and is 
directed to the membrane bioreactor (MBR) fil-
ter. In the first module, the storage tank receives 
and distributes water to industries that do not 
need demineralized water. In the second module, 
the reverse osmosis process extracts all impuri-
ties from the water for companies that require 
demineralized or clarified water. In this process, 
only part of the water is used; however, the water 
that is not used returns to the first module where 
it is distributed. Thus, by taking reused water, 
petrochemical industries in the metropolitan 
region of São Paulo can save around 1.7 billion 
liters of drinking water in their facilities.

This project directly involves science through 
the advanced technique of water treatment. 
However, there is no direct involvement of uni-
versities. It involves SABESP and the many com-
panies in the ABC Petrochemical Complex that 
are at the cutting edge of the process and benefit 
from saving drinking water for less noble pur-
poses, such as cooling towers and boilers. There 
is an evident nexus here between the water and 
energy sectors (Fig. 8.1).

The second project is part of the Médio Juruá 
Territory Program, which receives funding from 
the United States Agency for International 
Development (USAID), Coca-Cola Brazil, and 
Natura, through a cooperation agreement signed 
with SITAWI Finanças do Bem and the Médio 
Juruá Territory Forum. The project was carried 
out in 2018 and sought to illuminate 57 riverside 
communities of the Médio Juruá, in the munici-
pality of Carauari, state of Amazonas, with the 
production and distribution of 620 solar energy 
lanterns, being 600 lanterns financed by the 
Association of Rural Producers of Carauari 
(ASPROC), 15 lanterns donated by Campus 
Brasil, and 5 lanterns offered by the organization 
Litro de Luz. The action was carried out 

 collectively with the local population, creating 
access to new knowledge that fostered commu-
nity development and increased the social impact.

Of course, there is technoscientific knowledge 
at stake for the construction of the lanterns based 
on sunlight. However, no direct relationship with 
universities is specified, only private partners and 
foundations. Like the first one, this project 
involved large companies in the actions, in this 
case in a remote region of Brazil, in the middle of 
the Amazon forest. The big difference is that the 
installation was carried out together with the resi-
dents of the region. Throughout the process, 20 
residents were trained to be ambassadors, under-
going training related to basic electrical concepts 
and maintenance of photovoltaic solutions. They 
also had the opportunity to play leadership and 
engagement roles with other local residents.

The platform does not provide information 
about the costs of both projects. This shows that 
responsible and accountable innovation needs to 
improve in Brazil. This data would be important 
for a quantitative understanding of the involve-
ment of companies and associations and possible 
financial returns from the actions. Nevertheless, 
it is worth noting that the OICS provides a “how 
to replicate” tab, giving details about the method-
ologies used in each action (Fig. 8.2).

In the last section, I will discuss how these 
examples help us reflect on what transformations 
we want from the nexus approach, taking up spe-
cific aspects of the theoretical discussion about 
knowledge at the science-policy-society 
interface.

8.7  Concluding Remarks: What 
Transformations Do 
We Really Seek?

I sought to show here that innovation is a process 
of knowledge sharing within science, policy, 
companies, and society. The literature review on 
the interface between these domains elucidates a 
complex relationship at play, framed by decision-
ist, technocratic, or pragmatic models and by 
synoptic, incrementalist, communicative, and 
mixed-scanning perspectives. Regrettably, these 
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Fig. 8.1 Aquapolo project in the São Paulo metropolitan region. (Source: GS Inima Industrial Brasil website)

Fig. 8.2 Implementation of solar energy lanterns in riverside communities in the Amazon region, Brazil. (Source: Litro 
de Luz website)

dynamics have been under-scrutinized due to ten-
dencies (which they themselves foster) to treat 
relations between science, politics, and society in 
rather simplistic normative ways, such as instru-
mental use of knowledge (Owens et  al., 2006). 
The hard truth is that it is not easy to identify 
each of these theoretical frameworks in real cases 
nor to say that there are better analysis conditions 
from one or the other. It is more tangible to find 

traces and tendencies that are more or less pres-
ent in each case. Thus, innovations friendly to the 
nexus approach will also present these 
characteristics.

According to Al-Said and Elagib (2017), it is 
possible to find positive attitudes inserted in the 
idea of innovation that the nexus approach brings, 
enhanced by Western narratives of good policies, 
which sometimes fail during translation or due to 
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lack of context. This is an essential point because 
it leads us to the still little explored cultural 
dimension in the nexus literature. This cultural 
dimension can be strongly embedded in contex-
tual learning processes that respond differently to 
the global problem of access to water, energy, 
and food resources. It is critical to allow space for 
a more multidirectional plurality of learning pro-
cesses from the humility of experts and policy- 
makers themselves in the discursive arenas in 
which they participate (Urbinatti et  al., 2020). 
These responsibilities underlie the recognition of 
the need for a more active “governance of 
knowledge- for-governance” (Raman, 2014) 
around the nexus. Nevertheless, constant chal-
lenges are posed to the conceptions of reality of 
the actors involved in the governance process 
(Alasuutari & Qadir, 2014).

Considering the two projects of the OICS plat-
form, one can understand two possibilities of 
innovation towards the nexus. The rationality of 
efficiency exists in both cases, but the way they 
are constructed is different. What changes is the 
way society is involved in the projects. In the 
Aquapolo project, society benefits indirectly, 
mediated by technical and economic interests of 
political decisions, in a kind of business-to- 
business (B2B) relationship. In the lantern instal-
lation project in vulnerable communities, even 
though there is economic interest from the 
 financial sponsors, society is immersed in learn-
ing about energy sustainability.

It is true that we can find more decisionist and 
rationalist characteristics in the first project and 
pragmatists and incrementalists in the second. 
However, it would be inconvenient to define them 
only through this lens. Each trait may work better 
for a large- or small-scale project. Nonetheless, I 
emphasize here that one must first recognize that 
there are power relations behind any decision 
and, only then, encourage communicative pro-
cesses of co-production of knowledge about 
sustainability.

There is no ideal scale of innovation. The fact 
is that both solutions were designed to solve 
problems. In this case, the RRI approach can be a 
means to ensure that, independently of the actors 
involved, there needs to be precaution and social 

responsibility ultimately. This approach fosters 
the engagement of public, scientific, political, 
and private actors to produce ethically accept-
able, sustainable, and socially desirable research 
and innovation outcomes.2

Another example from the OICS platform 
describes this kind of thinking in practice. This is 
the Urban Living Laboratory for Intelligent 
Building Solutions (Laboratório Urbano Vivo 
Soluções Construtivas Inteligentes/LCI), led by 
Coppe/Federal University of Rio de Janeiro. The 
objective of this laboratory is to place the user at 
the center of an ecosystem that covers a given ter-
ritory (such as a neighborhood, city, or region) 
and integrates simultaneous research, develop-
ment, and innovation processes and promotes 
collaboration among players in academia, gov-
ernment, public and private institutions, and soci-
ety. Through a process of co-production, the LCI 
is based on three pillars: (1) the development of 
innovative and intelligent constructive solutions; 
(2) the intelligent occupational use of buildings 
by considering aspects such as comfort, health, 
and air quality; and (3) the rapid insertion of 
these solutions into society.

Thus, we return to the question posed at the 
beginning of this chapter about what transforma-
tions we want from the concept of nexus. To 
answer it, I echo the distinction made by Stirling 
(2014) between transition, which brings more 
emphasis on “control,” and transformation for 
sustainability, which aims to bring “care” as a 
democratic decision-making tool. In his words 
(p. 22), “In this ‘caring’ mode, the knowing and 
doing of transformation are not separate, but inti-
mately interlinked. Neither alone is sufficient.” It 
is in this sense that the nexus approach tends to 
become more robust by considering its innova-
tion potential as strictly linked to social progress. 
Notwithstanding, it can facilitate and transform 
the realities of injustice in accessing water, 
energy, and food around the world through more 
inclusive decisions and knowledge sharing.

2 Definition used by the RRi-Practice project. See https://
www.rri-practice.eu/about-rri-practice/what-is-rri/ 
(accessed May 6, 2021).
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9The Water-Energy-Food Nexus 
in Latin America 
and the Caribbean: Priority 
Interconnections

Antonio Embid and Liber Martin

Abstract

This chapter analyzes implementing the 
water-energy-food (WEF) nexus in Latin 
America and the Caribbean (LAC), focusing 
on the identification of obstacles, opportuni-
ties, and priority interconnections for the 
region. Based on a review of the theoretical 
background to the nexus concept and its cur-
rent global configuration, we consider the 
main aspects of the WEF nexus to establish 
the debate in the LAC region. The chapter dis-
cusses different nexus features in LAC while 
identifying the main challenges for implemen-
tation, harmonization with the human rights 
legal framework, and national legal priorities 
for water use. By briefly describing the inter-
connections (water-energy, water-food, water- 
food- energy), we identify and discuss those 
which may prove critical for nexus implemen-
tation. The interconnections that should be 
prioritized include agriculture and food; irri-
gation modernization and aquifer overexploi-
tation; hydropower, oil, and mining; and water 
and sanitation services and biofuels. With one 
of the highest urban population percentages 
worldwide and many megacities, the urban 

nexus become also  critical for the region. 
After summarizing the priority interconnec-
tions, we conclude that scant consideration 
has been given to the nexus approach in a 
region where it could help tackle climate 
change and transform the current development 
model of intensive, yet unsustainable, use of 
natural resources.

Keywords

Water-energy-food nexus · Planning · Latin 
America and the Caribbean · Nexus priorities 
· Sustainability

Abbreviations

ECLAC Economic Commission for Latin 
America and the Caribbean

LAC Latin America and the Caribbean
WEF Water-energy-food nexus

9.1  Introduction

Water-energy-food (WEF) nexus is not a new 
concept, but literature on WEF nexus does not 
stop growing since its arrival on the interna-
tional agenda (WEF, 2011) in Bonn 2011 
Conference “The Water, Energy and Food 
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Security Nexus”  – Solutions for the Green 
Economy (Martin-Nagle et al., 2012; Tashtoush 
et  al., 2019; De Andrade Guerra et  al., 2020). 
Nevertheless, very little of this literature focus 
on the LAC region, where the approach has 
been driven by some relevant international orga-
nizations, including the pioneering works of 
ECLAC (Embid & Martín, 2017, 2018), then 
also reproduced by others (Mahlknecht et  al., 
2020).

Despite this literature, scant consideration has 
so far been given to the water-energy-food nexus 
in Latin American and Caribbean countries, 
where the nexus has not been yet incorporated 
into the design of policies, plans, or management 
of natural resources (Naranjo & Willaarts, 2020; 
Urquiza, & Billi, 2020; Willaarts et  al., 2021). 
The relative abundance of natural resources cou-
pled with their own restrictions on their underde-
veloped status and a focus on pressing short-term 
needs has led to the nexus not being considered 
in intensive development models dependent on 
the exploitation of natural resources that have 
shown clear signs of environmental unsustain-
ability and social inequality. Consequently, some 
of the region’s characteristics, such as the relative 
wealth of these resources with huge potential for 
future development, weak governance, and 
hardly any capacity to establish and implement 
public policies, alongside high levels of inequal-
ity and dissatisfaction in guaranteeing and real-
izing human rights, show the potential for 
appropriate consideration of the nexus for future 
improvement.

9.1.1  Materials and Methods

This chapter presents the conclusions of a quali-
tative analysis of the key variables for imple-
menting the nexus approach in LAC. Following a 
nonexperimental observational methodological 
design, the chapter describes the interconnec-
tions seeking to identify those that can be consid-
ered priority or critical for nexus implementation 
in LAC. This definition is based on the following 
variables: (i) considering water as a predominant 
nexus  element, (ii) impacts on the other nexus 

elements, (iii) focus on sectors of economic rele-
vance with development potential and increasing 
complexity, and (iv) realizing and respecting 
human rights, in particular economic, social, and 
cultural rights, as an obligation and priority goal 
for the region’s sustainable development.1 For an 
interconnection to be a priority or highly relevant, 
it must be a critical activity for the region or some 
of its countries and present an opportunity to 
improve its performance from implementing a 
nexus viewpoint.

9.2  Interrelations Between 
Water and Energy

The use of water to produce energy is a tradi-
tional approach that refers to hydropower above 
all others. Water use for energy production repre-
sents the critical element of the water-energy 
nexus. This is proved by 15% of worldwide water 
abstraction being allocated to energy production 
(IRENA, 2015). Such a significant figure obvi-
ously merits clarification, since it is far less in 
desert or arid areas where water is scarce, but, on 
the contrary, far more where water abounds, 
which is the general case in many countries in the 
region where hydropower predominates and its 
appreciable potential still needs to be tapped 
into.2

The generation of hydroelectricity is currently 
by far the main source of power in the region, but 
it is distributed very unevenly among the coun-
tries. The Southern Cone produces 68% of its 
electricity by hydroelectric means, while in the 
Andean Community of countries, this percentage 

1 These premises with an emphasis on institutional con-
solidation and guaranteeing economic, social, and cultural 
rights are consistent with risk assessment (WEF, 2016). 
Unlike other regions that seem more threatened by natural 
catastrophes, water crises, or abrupt variations in energy 
prices, the concerns of Latin America and the Caribbean 
are firstly governance failures and secondly profound 
social instability associated with other economic factors, 
which come in third place.
2 In keeping with its mandate, IRENA (2015) recommends 
decreasing water use for hydropower production and 
replacing it with renewable energy (mainly wind and 
solar).
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rises to 71%. In Central America, Mexico pro-
duces 15% of its national electricity production 
by hydroelectric means; however, all the other 
countries produce a higher proportion of their 
electricity with this source, led by Costa Rica 
with 78%. The Caribbean countries are the 
exception since they do not depend on hydro-
power as they do not have much surface water 
(Escobar et al., 2011).

South America is the third region worldwide 
that added the most hydropower capacity in 
2015 (IHA, 2016). At the same time, hydroelec-
tric projects come second, after mining and oil, 
in causing social unrest due to the use of water 
resources (Martín & Justo, 2015). These data 
suffice to demonstrate that hydroelectricity pro-
duction is and will be one of the key nexus inter-
actions in the region. With this potential and 
growth rate, this sector provides an opportunity 
to apply a nexus focus combining the multipur-
pose nature of reservoirs (although the number 
of multipurpose reservoirs built since 2000 has 
dropped) more efficiently with optimization of 
their economic, social, and environmental 
impact.

Regional hydroelectric potential must be re- 
evaluated from a nexus and trinomial planning 
focus, as must hydropower projects in the design, 
construction, and development phases, based on 
future scenarios of flow rates, precipitation, and 
water use, since more installed capacity does not 
necessarily mean more generation. Instead of 
static plans and designs, hydroelectric infrastruc-
ture should be planned within the ranges of 
uncertainty imposed by climate and precipitation 
trends (Santos Da Silva et  al., 2018). 
Consequently, the recommendation is for plans to 
contain provisions for specific operations depend-
ing on the climate and demand for water, based 
on a flexible infrastructure, and pumped-storage 
plants and smaller hydroelectric systems must be 
considered as options to overcome this climatic 
variability (Escobar et al., 2011).

Hydroelectricity production gives the system 
reliability, but it must be complemented by other 
forms of renewable energy, even if they are inter-
mittent, to reduce the risks from depending 
excessively and exclusively on the hydroelectric 

source.3 Permanent or seasonal changes or 
decreases in generation due to drought or reduced 
flow rates prove that the situation is worsening in 
some regions, countries, or catchment areas with 
the prediction of future scenarios (Vallejo, 2013; 
Flavin et al., 2014; Recalde, 2016). For example, 
one pessimistic scenario for the Chixoy plant in 
Guatemala and Cerrón Grande in El Salvador 
predicts generation reductions above 20% by 
2020, more than 40% for 2050 and over 70% by 
the end of the century. A less pessimistic scenario 
predicts an increase of 4–6% by 2020, after 
which a decrease of 26% is estimated at Chixoy 
and 17% at Cerrón Grande by 2100 (CEPAL 
et al., 2015).

The effects of El Niño phenomenon on the 
region are drought (Caribbean, Colombia, north-
east Brazil, and Venezuela) and flooding (Peru, 
south Brazil, Paraguay, Uruguay, Ecuador, 
Bolivia, and Argentina) with huge impacts on the 
energy sector. Unlike Peru and Ecuador, where 
the impacts of this phenomenon mainly affect 
infrastructure, in several cases in Colombia and 
Venezuela, they have led to rationing water and 
power, and production losses and higher costs 
have been associated with the increase in thermo-
electric power to compensate for the drop in 
hydroelectricity generation. Andean countries are 
especially vulnerable to this phenomenon, which 
means a normal to extraordinary Niño could 
deduct 0.6–1.7% GDP from these countries 
(CAF, 2016; Martín, 2016).

Analyses of the region from a nexus point of 
view include one conducted in Bolivia using the 
United Nations Food and Agriculture 
Organization method (Flammini et  al., 2014), 
which, in relation to the multipurpose San Jacinto 
hydroelectric project, found that

more pressure is exercised on the food/land aspect 
given that crop productivity is below average. The 

3 This search should not be limited to the classic options, 
wind or photovoltaic, whose establishment is increasing 
in the region, but also others that are still in an experimen-
tal phase, such as wave power and tidal power. Chile’s 
potential wave power is estimated to be unique in the 
world (Hassan, 2009). Exploiting just 10% of this poten-
tial would double installed capacity of the entire Central 
Interconnected System in Chile.
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above could be due to the quality of the vine for 
later vinicultural processing being championed 
more than gross sales in the area … Furthermore, 
although the construction of the reservoir has lim-
ited the flow of fish downstream, the type and num-
ber of species have increased in the reservoir itself, 
in some cases without proper control, leading to 
some species becoming the predators of other pre- 
existing species… the project… besides being ben-
eficial for the region, also has trade-offs. The most 
significant is the impact on water quality in the 
reservoir due to agricultural returns containing 
pesticides. (Rojas & Heiland, 2015)

The obvious priority production of hydrocarbons 
and mining can also fall within the interaction 
between water and energy, as it uses both, due to 
reasons that include the extreme dependence of 
many countries in the region on these activities 
and proven reserves (Altomonte & Sánchez, 
2016). This is the case of the Andean countries 
(Chile, Bolivia, Peru, and Ecuador) and others, 
such as Argentina, Brazil, Colombia, Mexico, 
and Venezuela. Water consumption in mining in 
Argentina, Brazil, Chile, Colombia, Costa Rica, 
Mexico, and Peru can account for up to 6% of all 
water use (Willaarts et  al., 2014). Although 
detailed and reliable information is lacking on 
the impacts these activities cause on nexus ele-
ments, the implications of both hydrocarbon 
exploitation and (formal and informal) metal and 
nonmetal mining in nexus terms are relevant to 
the extent that they unlawfully occupy the first 
level in terms of potential for social conflict 
(Martín & Justo, 2015).

The region has very significant proven reserves 
of oil and natural gas (20% and 4%) compared 
with other reserves worldwide (Altomonte & 
Sánchez, 2016). One example within this group 
of recently developed activities that should be 
nexus focused is the exploitation of nonconven-
tional hydrocarbons. The investigation and 
exploitation involved in the hydraulic fracturing 
process have far higher energy, water, and envi-
ronmental impacts than the methods used for 
conventional resources. The region has more than 
a quarter of total worldwide technically recover-
able natural shale gas resources, mostly located 
in Argentina, Mexico, and Brazil, which are in a 
full exploitation phase (Arroyo & Perdriel, 2015). 
The main risk of exploiting shale affects water, 

the key nexus element, while its essential role for 
the region is explained by (i) possible self-supply 
of energy in countries that have this resource; (ii) 
possible economic impact of lower power prices, 
less volatility in these prices, more economic 
growth, fewer inequality levels, generation of 
employment sources, and so on; and (iii) possible 
strengthening of energy integration in updated 
regional geopolitics.

The same occurs when water and energy are 
considered as supplies for metal and nonmetal 
mining, an activity that can involve an intensive 
use of both resources and which several countries 
in the region depend greatly on as potential for 
growth, especially gold (Peru), copper and silver 
(Chile, Mexico, and Peru), and iron (Brazil). 
Mining is also one of the fastest-growing sectors 
in the region, which is a main destination for 
mining investments planned worldwide 
(Altomonte & Sánchez, 2016).

Mining can impact both water quantity and 
quality. Impacts on quantity are more noticeable 
in areas where this resource is scarce. This is the 
situation in semiarid areas, such as central 
Mexico, north Colombia, and northeast Brazil, or 
directly arid areas, such as north Chile, northwest 
Argentina, east Bolivia, and south Peru. 
Exploiting nonrenewable groundwater or ground-
water with a very low renewal rate can severely 
affect people’s water security, as occurred in 
north Chile (Willaarts et al., 2014). Where water 
resources are abundant, the problem is avoiding 
polluting them.

Similarly, mining can involve intensive energy 
use of both hydrocarbons and electricity, thus 
competing with other sectors with the possibility 
of significant impacts. In some cases, the high 
profitability of mining can meet the energy cost 
of desalination in arid or semiarid areas.

9.2.1  Interrelations Between Energy 
and Water

Concerning the relationship between energy and 
water, the first point worth mentioning is the 
essential role energy plays in the more “tradi-
tional” techniques of seawater desalination, 
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debrining of brackish water, pumping of ground-
water, and irrigation modernization,4 making it 
possible for these processes to take place. In 
addition, the complete urban water cycle is an 
example of high energy use to address the various 
sector processes this cycle requires, from supply 
and conveyance to treatment, if we consider only 
water and no other type of waste. Although desal-
ination is not generally a priority in the region, it 
is beginning to become an increasingly attractive 
option, especially where there are no alternatives, 
as in the Caribbean (Hoff, 2011) or in arid loca-
tions, to perform high-profitability activities, 
such as copper mining in Chile or urban use in 
Mexico.

A recent study on Chile using a particular con-
ceptual focus of the nexus in four regions in the 
country with a variety of problems (Antofagasta, 
Copiapó, Maipo, and Maule) confirms several of 
the interactions identified as priority in this study 
for the region – mining, aquifer overexploitation, 
urban expansion, hydroelectricity, and agricul-
ture  – and concludes that reuse, recycling, and 
desalination are becoming attractive  management 
options in some arid and highly vulnerable areas 
(Meza et al., 2015). But its impacts and negative 
externalities must be well explained and under-
stood by decision-makers, private managers, and 
society to coordinate and define adaptation poli-
cies and strategies aimed at consolidating the 
nexus.

Highlighted in this interconnected scenario 
are drinking water and sanitation services in 
regard to the expansion of their coverage and, 
especially, the improvement of their quality and 
the increase in municipal wastewater treatment 
for agriculture involving electro-intensive activi-

4 “Irrigation modernization” usually refers to the process 
of transforming the irrigation technique from gravity 
(flooding) to localized or sprinkle irrigation. In theory, 
this saves water, but it also involves an increase in energy 
consumption inherent in any pressurized irrigation sys-
tem. Saving water is not usually substantive given that a 
consequence of irrigation modernization is the increase in 
the number of crops and often also the expansion of irri-
gated land, so the supposed savings disappear. In any 
event, the inevitable increase in energy consumption and, 
therefore, energy costs, even with subsidized electricity 
prices, must always be considered.

ties that are often inefficient. It is estimated that a 
significant proportion of the energy consumption 
of water supply and sanitation services occurs in 
the conveyance and distribution or collection 
phases, particularly the pumping of fluids in the 
drinking water supply. In contrast, in the sanita-
tion system, electricity is most consumed in 
wastewater treatment. Sludge treatment and dis-
posal represents significant consumption, 
although it can also generate energy (Ferro & 
Lentini, 2015). The electricity costs of drinking 
water and sanitation system providers represent 
5–30% of total operating costs, and it is estimated 
that the total energy cost can be reduced by 
5–15%.

Long-distance interbasin transfers require the 
use of extremely high amounts of energy for the 
conveyance (including lifting). In some places in 
the region (for example, Mexico City, San Pablo 
in Brazil), this is important even when these lifts 
can often be compensated by drops in the con-
veyed water and the possibility of installing 
hydropower plants in these sections. The above 
relationship is very important due to constant 
growth in energy consumption in the abovemen-
tioned processes. This is related to resorting to 
desalination once technical advances have led to 
a substantial drop in the cost of desalted water, 
which, in any event, is still far more than the cost 
of water collected by other means. The same can 
be said of the increased use of groundwater in 
agriculture, especially when the price of energy 
is subsidized in several countries. In view of high 
energy consumption, the main proposals com-
prise more use of renewable energy5 and an 
increase in energy efficiency (Ferro & Lentini, 
2015), and, strictly from an energy-water nexus 
perspective, including the lack of water in the 
energy decision-making process is insisted upon.

5 According to IRENA (2015), “With renewable energy 
technology that decreases costs, technological advances 
and an increase in economies of scale, renewable desali-
nation will probably become significantly more cost-
effective and will represent a key solution to mitigate the 
increasing development of risks posed by resource restric-
tions. The competitiveness of renewable desalination will 
be further improved if the volatile costs of fossil fuels are 
considered.”
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Finally, we must consider agricultural aspects 
that more clearly involve energy. The agrifood 
chain is estimated to consume around 30% of 
worldwide energy (FAO, 2011). The central place 
agriculture represents in the region is obvious: it 
uses around 80% of the water and occupies 25% 
of the total surface area. At the same time, there 
is considerable potential for expansion and pos-
sibilities to increase productivity associated, 
above all, with the implementation and modern-
ization of irrigation, which, in most cases, is 
linked to an increase in energy consumption. 
Irrigation modernization and expansion and the 
increasing use of and dependence on groundwa-
ter form a relevant variable in some of the region’s 
countries and could become critical for the nexus 
in many others in the future.

Based on the above considerations, we can 
conclude that irrigation expansion and modern-
ization and aquifer overexploitation are the prior-
ity interconnection in this area. A more intensive 
or efficient use of water in agriculture involves an 
increase in energy consumption, which must be 
previously addressed using a trinomial focus. 
Modernizing irrigation without appropriate con-
sideration of the hydrological, environmental, or 
energy impacts in regions with an energy deficit, 
supply insecurity, or price volatility can further 
producer vulnerability and increase their costs 
with the subsequent impact on agriculture and 
livestock production and its profitability and the 
future demand for subsidies from the public sec-
tor. These are factors that must be considered in 
the design of a nexus-focused policy for a sector 
that offers major implementation and expansion 
opportunities.

The overexploitation of some aquifers involves 
a series of problems and inefficiencies that could 
be modulated or prevented using a nexus focus. 
With low energy prices that are often subsidized 
to promote agricultural development, the overex-
ploitation of aquifers can lead not only to a non- 
sustainable management of aquifers in 
hydrological and environmental terms with sig-
nificant impacts on quality and quantity but also 
energy inefficiency and, in some cases, social 
injustice. Inefficiency stems from the higher 
energy cost of pumping, both on a global and 

individual scale, which increases as water-table 
levels drop. Also worth considering is the injus-
tice for the losers in the re-entry race, higher 
costs of extraction, or use of electrical subsidies 
designed by policies that do not generally seg-
ment beneficiaries and end up favoring the major 
players, even to the detriment of priority uses, 
such as a municipal water supply as opposed to 
agriculture or mining. The unbridled race for re- 
entry drilling in overexploited aquifers often 
complicates municipal supply and human con-
sumption due to the decrease in levels or quality, 
emphasizing its high individual and social cost 
on the one hand and no or weak controls in the 
land characterizing the region on the other. 
Examples of this situation can be found in 
Copiapó and Antofagasta (Chile), Valle de Ica 
(Peru), Guanajuato, Sonora, and Mexico City.

This interaction has received attention based 
on the water-energy-climate nexus focus in 
Mexico, for example, where implementing an 
energy price policy has been proposed to discour-
age pumping to reduce overexploitation of aqui-
fers and improve their sustainable use (Scott & 
Shah, 2004). The conclusion reached is the need 
to consolidate nexus-based policies, such as an 
increase in the agricultural electricity tariff, the 
elimination of the low night tariff, the application 
of regulations conditioning groundwater extrac-
tion on energy use, and the establishment of dif-
ferential energy prices based on a drop in aquifer 
levels or the limitation of new electrical connec-
tions for groundwater extraction (Scott, 2011). 
This type of specific proposals for overexploited 
aquifers should not overlook the fundamental 
issue that both energy and water have historically 
been – and still are – a means to make small-scale 
irrigation possible or make an agricultural sector 
characterized by direct and indirect subsidies of 
all types competitive.

9.3  Interrelations Between 
Water and Food

The relationship between water and food can be 
considered in the rural environment, where it 
refers to agriculture either with or without irriga-
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tion, and in the urban environment, where it is 
mainly linked to the provision of public drinking 
water and sanitation services, the supply of food 
to cities, and waste management (Covarrubias, 
2019). Firstly, connections are established using 
water for two coincident purposes in food pro-
duction: irrigation and aquaculture, with far more 
importance placed on the former than the latter. 
Water use percentages in this area compared with 
other sectors can vary depending on the country 
in question, but they are around 70–80% and per-
haps even 80–90% (Hoff, 2011). This is the most 
important use and consumption since returns to 
the cycle do not usually exceed 20–30% in plot 
irrigation, even when much higher losses occur in 
the conveyance to the plot when the channels are 
not lined, which is usually the case. Similarly, 
this water use enjoys a privileged position in 
countries whose legislation is based on a hierar-
chy of uses (irrigation, as the same cannot be said 
of aquaculture), normally only exceeded by the 
municipal water supply.

A first conclusion of this situation is the need 
for the expansion of the “agricultural frontier” to 
be subject to rigorous controls due to the implica-
tions of water and energy consumption. That is 
why developed countries have reformist policies 
focusing on reducing agricultural water use so 
that this “excess” water can be earmarked for 
other uses that can create more added value. 
These policies aimed at reducing agricultural 
water use seek to relaunch some industrial uses 
without affecting food production. Normally 
these countries are either self-sufficient, produce 
a surplus, or, because of their economic capacity, 
can acquire the food in international markets or 
establish policies (for irrigation modernization) 
to save water and achieve the same level of food 
production.

We should also be aware that this usually 
causes conflicts between the organized structures 
representing farmers and those representing other 
uses, even with their respective governments. It is 
partly for this reason that appropriate use of the 
nexus focus could bring about a decrease in the 
conflict between different water uses (between its 
owners and also considering its informal users, 
who are important in many parts of the region). 

This is primarily due to the predictability of 
impacts on the various nexus components arising 
from policies designed with knowledge of their 
effects and, therefore, with the ability to correct 
them at source.

In developing countries, however, policies to 
intensify irrigated land and a desire to achieve 
food security or, in other words, food sovereignty 
are also common. One example is the Ley de la 
Década del Riego (Irrigation Decade Act) 2015–
2025, No. 745 dated 5 October 2015, in Bolivia. 
Its objective is to provide one million hectares 
with irrigation for those 10  years “to promote 
agricultural and livestock production through 
investments made by the State and autonomous 
regional entities for irrigation development.”

Above all, the prime aim is to achieve maxi-
mum effectiveness from existing irrigated land. 
In general, irrigation efficiency in the region is 
not very good, an issue often primarily deter-
mined by water conveyance infrastructures, 
which are not always lined to prevent leaks. This 
type of action requires a sufficient quantity and 
quality of water to be available, the financial 
means for the investments, and then, an aspect 
that is often overlooked, appropriate organiza-
tional structures (both within the irrigation orga-
nization and government-level administration) to 
effectively and productively manage this increase 
in irrigated agricultural land. Some of the condi-
tions also required are an administration with 
appropriate technical levels to attribute with legal 
certainty the necessary water flow rates (by 
means of concessions or other systems) to address 
this new irrigated surface area and a registry of 
public water that provides an exact picture of the 
legal water distribution and use situation. This is 
extremely hard to find and often compromises the 
success of public policies.

The land grabbing process that is taking place 
above all in Africa is part and parcel of the same 
negative dynamics. Some private companies or 
even countries are buying land in bulk in devel-
oping countries (Borras et al., 2011; Mehta et al., 
2012) to produce food whose future destination 
is their own countries of origin. Even when food 
production is wielded as the primary justification 
for these purchases, the underlying reason for 
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them is, above all, the desire to seize the water 
linked to this land, especially in countries with 
weak management, tax, and control systems.

To prevent some of the risks involved with 
irrigation, emphasis is sometimes placed on more 
capacity to improve food production with “green 
water,” which comes from rain, is in the ground, 
and is linked to nonirrigated crops, in contrast to 
“blue water,” which is artificially conveyed by 
various channel types and leads to irrigated crops. 
The argument is that where there is not enough 
water, improvements can only be made by 
increasing the productivity of existing water and 
limiting population growth, which will lead to 
food security (Falkenmark & Rockström, 2011). 
The relationship can also improve with an 
increase in municipal wastewater treatment 
reaching quality levels that enable its use for irri-
gation. This is feasible near large inhabited popu-
lation centers where the costs of wastewater 
treatment and regeneration facilities can be 
defrayed. Rainfall harvesting, in other words col-
lecting precipitation, has a role to play in this 
relationship.

Finally, in the water-food relationship, we 
need to consider the theoretical construction of 
what is known as “virtual water.” This is the 
water transported (embodied) with the food a 
country imports (or exports). A focus of this kind 
can help justify public policies based on the 
country’s position (area, basin, or region) as an 
exporter or importer of virtual water in relation to 
some food. Evaluations of this situation together 
with a water situation that is generally surplus or 
deficient can make it advisable to intensify some 
production policies of some food types or, in con-
trast, lead to importing them, which entails con-
sidering the economic and social conditions of 
each case.

The major issue raised by the concept of vir-
tual water trade is whether this will result in 
water savings. Hoekstra and Chapagain (2008) 
assessed the global water savings that can be 
gleaned from agricultural trade at 352,000  mil-
lion cubic meters per year. Given that worldwide 
trends point towards an increase in consumption 
and reduction in the availability of water 
resources, these focuses can obviously help 

countries, especially those with water shortages, 
manage their water and agricultural policies bet-
ter based on improved information. Research into 
virtual water trade in LAC has shown that the 
region is a net exporter of virtual water and that 
the cases of Argentina and Brazil are quantita-
tively important (Willaarts et al., 2014).

No exploration of the water-food relationship 
for the purposes of the nexus can ignore the pos-
sibilities virtual water trade offers. From a nexus 
perspective, ceasing the production of a food 
product with a large water footprint and replacing 
it for consumption purposes by the same imported 
product may make it possible to free up the water 
for other uses, such as producing energy or caring 
for the environment. This country’s specific situ-
ation of water and energy requirements can rely 
on a powerful instrument to guide it along a path 
that augers positive possibilities, at least 
theoretically.

However, despite an extraordinary potential in 
water and energy resources and food production 
capacity, in most of the countries, the region still 
owes its own population a huge debt where food 
is concerned (Martínez & Palma, 2016). In other 
words, the potential implementation of a nexus 
focus cannot sidestep that it is not the food, the 
water resources, the energy sources, or the agri-
cultural development that is lacking in the region 
but rather a minimal parity in sustainable devel-
opment models and their distribution, as posited 
by some nexus focuses (Biggs et al., 2015). It fol-
lows, therefore, that agriculture is not directly 
equivalent to food.

This paradox highlights the need to comple-
ment and connect the new nexus concern and 
water-food-energy security with the immediate 
scope of minimum parity levels and satisfaction 
of human rights required by the legal system and 
closely linked to the management of each of the 
nexus elements, in particular, the right to food 
being indiscernible from the right to water. If the 
situation is examined from a security point of 
view, the paradox can be seen in the key role the 
region has been given in ensuring global food 
security (Bellfield, 2015) while it seems incapa-
ble of guaranteeing minimum acceptable security 
levels in the three elements for itself.
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One aspect that has better links to food 
 security, generating employment and reducing 
poverty, and more potential to improve them –  
observed cross-sectionally in all the countries of 
the region and which characterizes as a produc-
tion method – is family agriculture. This form of 
economic organization coexists in the region 
with the medium-sized and large enterprises, but 
it has been undervalued by governments and 
society.

9.4  Interrelations Between 
Water, Energy, and Food

The urban nexus become critical in the region for 
several reasons, including the following: (i) 80% 
of the population is urban with forecasts for more 
increases; (ii) current urban expansion has hardly 
been planned; (iii) the existence of several mega-
cities or large urban conglomerates as critical 
spaces for urban supplies and increasing energy 
costs; (iv) the lack of sustainability, vulnerability, 
and spatial segregation; and (v) the deficient and 
low coverage of public services, in particularly 
sanitation and treatment systems (CEPAL, 2014). 
This phenomenon, which clearly characterizes 
the region as having one of the highest urban 
population percentages worldwide, represents a 
cross-sectional problem as it involves the three 
nexus elements with specific interactions in 
urban contexts in developing countries in general 
(Covarrubias, 2019; Babette, 2016) and Latin 
American megacities in particular.

Interactions in the production and manage-
ment of the three nexus elements are essential; 
however, interactions are also important in the 
transport and consumption method of food and 
waste production, treatment, and disposal pre-
dominantly in urban contexts. This dependence 
and reciprocal influence of the city on the locality 
producing goods and services, food, water, and 
energy has firstly led to reassessing the scale of 
land-use planning that has usually focused on its 
urban aspects (Artioli et al., 2017; Heard et al., 
2017). Some urban nexus priority interconnec-
tions should be included in the main urban prob-
lems in the region: no or deficient public services, 

pollution and environmental degradation, trans-
port, waste, poverty, social segmentation, and 
insecurity. This leads us to posit that land-use 
planning and nexus interactions in urban con-
texts, especially referring to the provision of pub-
lic services in the region, are priority or critical 
areas.

Based on the above considerations, we con-
clude that drinking water and sanitation services 
are priority interconnections. The urban water 
cycle includes conveyance from the supply point 
(normally located outside the urban area and 
sometimes even outside the municipality), drink-
ing water treatment, conveyance of treated drink-
ing water to the various connection points, 
collection of wastewater, conduits to the associ-
ated wastewater treatment plants, wastewater 
treatment, sludge treatment, and, ideally, the 
regeneration of urban wastewater so that it can be 
reused with suitable quality levels for a variety of 
purposes including agriculture.

However, the best example of the trilateral 
relationship6 might be biomass production using 
plant products considered as a source of energy. 
The growth of this phenomenon has been sub-
stantial in recent years in some geographical 
areas, especially in the region (Saulino, 2011; 
Hoff, 2011). However, the positive elements of a 
new energy source classified as “renewable” need 
to be clarified given that this production of plants 
to generate energy can involve a decrease in food 
production (resulting from the associated reduc-
tion in agricultural land for that purpose) and also 
remove some of the water linked to irrigated agri-
culture.7 If the biomass is forest waste, the eco-
logical function of the forests can be affected. 
Another consequence can be an increase in food 
prices, although the cause–effect relationship 
between biomass production (worldwide) and 

6 There is an FAO method to measure the impacts of water 
and energy decisions on food (Flammini et al., 2014).
7 In this respect, the European Commission (2011) stated 
that: “Intensive agriculture whose purpose is to produce 
more food and biomass, could intensify freshwater 
demand for irrigation and, therefore, pressure on water 
resources. Water solutions need to be established quickly 
to increase irrigation efficiency, reduce water consump-
tion and manage and preserve aquifers sustainably.”
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agricultural prices is not unanimously accepted 
(Martín Mateo, 2008).

These risks can be prevented with appropriate 
public intervention, which can operate on several 
levels. The first is the authorization of energy 
production facilities with this origin. Another is 
the intervention that can take place on agricul-
tural or forest land that has been earmarked for 
these purposes. Normally both intervention types 
are necessary.8 At the 2011 Bonn conference, a 
preventive approach was outlined to the effect 
that “developing countries considering bioenergy 
must weigh up every factor and consequence, 
such as land suitability, water availability, com-
petitiveness, socio-economic costs and benefits, 
food security, economic growth and poverty alle-
viation” (Hoff, 2011).

Another important aspect that needs to be con-
sidered is that one-third of food produced is 
thrown away or lost, which is also a source of 
concern about the nexus (Martin-Nagle et  al., 
2012). Globally this food loss represents 15% of 
the total energy demand, energy consumed in 
vain to produce unused food. Even more signifi-
cant is the impact of this food loss on water use, 
since non-used food is calculated to represent 
20–30% of total water use, and also on land use 
(Hoff, 2011). This is an important aspect that 
should be considered when establishing policies 
(food storage in refrigerated systems, safer trans-
port, education for small-scale farmers and their 
families, and so on) to prevent this outcome.

Finally, concerning the interrelations between 
agriculture and climate change, the agricultural 
activity globally generates 10–12% of green-
house gases and 47% of methane emissions 
(IRTA, 2016). Similarly, electricity and heat pro-
duction contributes 27% to the total greenhouse 
gases worldwide (Martin-Nagle et  al., 2012). 
Environmental considerations are very important 
in the nexus: perspectives that are only sectoral 

8 In Spain, for example, electrical facilities for this energy 
production are subject to authorization. In addition to this 
is intervention, above all with an environmental purpose, 
on forest land for biomass production. Intervention on 
agricultural land is mainly guided by a water perspective, 
since concessions must expressly refer to irrigated land 
and crops needing the water.

(from the energy and food production angle), 
purely productivist, involve the risk of resulting 
in maximum water use with the subsequent deg-
radation of the resource, which would eventually 
affect energy and food production, whose maxi-
mization was precisely the cause of the degrada-
tion of the water resource. Based on the above 
considerations, we can conclude that biofuels are 
the priority interconnection in LAC in this area.

The region is a net exporter of raw materials 
and food with a huge potential still for more 
development. In particular, Brazil and Argentina 
are among the major biofuel producers, although 
other countries, such as Colombia, Paraguay, and 
Peru, are producers to a lesser extent. 
Nevertheless, we should not overlook countries 
moving in opposite directions. An example is 
Bolivia, where the Ley Marco de la Madre Tierra 
y Desarrollo Integral para Vivir Bien (Framework 
Act for Mother Earth and Comprehensive 
Development to Live Well) No. 300 dated 15 
October 2012, prohibits “the production of biofu-
els and the selling of agricultural products to pro-
duce biofuels since it is the priority of the 
Plurinational State of Bolivia to safeguard sover-
eignty with food security.”

In the cases of Brazil and Argentina, the 
production of these biofuels has greatly 
increased, as has their consumption, with a 
relationship between production and consump-
tion level and the price of oil. The result of this 
production activity is a huge increase in water 
demand, an increase that is less in Brazil than 
in Argentina, since sugarcane is not irrigated in 
Brazil but in Tucumán (Argentina), where the 
most production is concentrated. In both cases, 
however, water pollution has risen due to the 
use of fertilizers and pesticides in the produc-
tion process of plants, and similarly, pollution 
has increased in the water arising from the bio-
fuel production process (Saulino, 2011). Out of 
the food-energy interactions, biofuel produc-
tion is especially relevant for the region 
(Mirzabaev et  al., 2015). From this perspec-
tive, the nexus focus involves the need to revise 
the conditions in which some countries’ com-
mitment to producing biofuels has occurred 
(Saulino, 2011; Scott et al., 2015).
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9.5  Priority Interrelations 
for LAC Region

Unlike previous considerations, the nexus focus 
examines the multiple interactions of the three 
elements in the climate change context to define 
priorities and avoid harmful or undesired effects, 
with environmental protection always in the 
background. Out of the activities involving two 
or more nexus elements, considering the follow-
ing is obviously a priority for the region:
 (a) Water-energy: Hydropower, hydrocarbons, 

and mining/water abstraction, use, and 
desalination.

Most energy production methods require 
water, although hydroelectricity is the most 
important method in the region as the main 
source of power offering most future growth in 
the majority of South and Central American 
countries. Large-scale hydropower demonstrates 
multiple interconnections, and excessive depen-
dence on this source, considering climate change 
and variability, simultaneously threatens water, 
energy, and food security in countries such as 
Colombia, Venezuela, and some in the Caribbean.

The exploitation of hydrocarbons and mining 
demands variable quantities of water and energy, 
which can seriously affect the environment and 
the quality of water resources. This interconnec-
tion is highly relevant throughout almost the 
entire region, but very especially in the Andean 
countries, Brazil, Mexico, Venezuela, and some 
in Central America. The relationship could 
become especially intense when hydraulic frac-
turing techniques are used. The use of water for 
energy does not compare with water use for agri-
culture in quantity (except in arid or semiarid 
regions), but it is the use that causes the most 
social unrest due to the displacement of people, 
its associated consequences, and the impact on 
the sources’ quality.

On the other side, the largest energy cost in 
relation to water in the region occurs in the 
abstraction stages of groundwater, conveyance, 
and use, which include irrigation. This intercon-
nection must especially consider the subsidy 
level for extraction, aquifer overexploitation, and 
the inefficiency of irrigation systems and pump-

ing equipment. The relevance of groundwater 
and growing dependence on it are shared through-
out the region with an emphasis on Central 
America and Mexico, where it amounts to 65% 
of consumed water and in the desert or semides-
ert areas of Argentina, Brazil, Chile, Bolivia, 
Mexico, and Peru. The increasing overexploita-
tion of aquifers presents interrelations with the 
three nexus elements by impacting water quan-
tity and quality, removing land from production 
and increasing the energy costs of extracting it. 
Currently, energy consumption is not significant 
in water treatment or seawater desalination, 
which are confined to isolated areas for highly 
profitable activities (mainly in Chile, Mexico, 
Peru, and some Caribbean countries).
 (b) Water-food: Agriculture.

The importance of agriculture must be under-
stood in relation to regional peculiarities where 
large-scale practice and expansion, mainly for 
exporting, have a direct relationship with defor-
estation, single crop growing, the subsequent 
increase in the risk of diffuse pollution, sedimen-
tation, erosion and flooding, the displacement of 
the local population, and the impact of family or 
subsistence agriculture, essential for food secu-
rity in the region. Its relevance is key for the 
region in terms of water consumption, participa-
tion in the gross domestic product, and employ-
ment forecasts, and it affects almost all the 
countries in the region.
 (c) Water-energy-food: Drinking water and sani-

tation services, biofuels, and irrigation 
modernization.

Drinking water and sanitation services are one 
of the high priority interconnections in urban 
contexts since the region has one of the highest 
urban population percentages worldwide, with 
deficient and low coverage of the sanitation and 
treatment system. All these features along with 
other specific interconnections represent major 
cross-sectional challenges for LAC developing 
countries and in non-planning growing megaci-
ties such as Buenos Aires, Sao Pablo, Rio de 
Janeiro, Lima, México, Santiago, and Bogotá.

The three nexus elements take part in biofuel 
production given that they usually consume 
water, are used to produce energy, and can affect 
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food production due to removal. Agriculture for 
energy production or biofuels not only share the 
impacts of large-scale agriculture referred to 
above but also have a considerable effect on food 
availability and price. The development of biofu-
els is particularly relevant in Argentina, Brazil, 
Paraguay, and, to a lesser extent, Peru, Colombia, 
and Central American countries, such as Costa 
Rica. The relationship between the three ele-
ments can also be observed in the agricultural 
sector when irrigation modernization is involved 
(which leads to more energy use, more water 
consumption, and could increase food produc-
tion) or policies are established to promote elec-
tricity, fostering aquifer overexploitation, based 
on discounted tariffs, given that water abstraction 
increases.

9.6  Conclusions

Although the previous summary is not exhaus-
tive, it synthesizes the priority nexus interactions 
that are crucial for most of the region’s countries. 
When considered in public policy planning and 
adoption, they can help prevent proven harmful 
effects and instead extract all the advantages and 
potential the focus entails.

The countries of the region have not yet incor-
porated the nexus approach for designing their 
public policies, planning, and management of 
natural resources. In addition, most of the coun-
tries present serious deficiencies in governance 
systems and lack of reliable information that 
makes planning, the cornerstone for the imple-
mentation of the nexus approach, very difficult.

In order to prioritize interconnections and 
avoid conflicts, this planning must be adaptive, 
multiscalar, pluri-temporal, intersectoral, built in 
a participative process, and based on a broad con-
sensus of all political forces, guaranteeing both 
its immediate feasibility and its permanence over 
time. A coordinated planning of the three nexus 
elements can constitute a new impulse to rein-
force, integrate, and give greater consistency to 
sectoral processes of territorial, water, energy 
and environmental planning, in different scales – 
regional, integrated, national electrical system, 

local, and basin. However, hydrological basin 
planning will be a preferred instrument for these 
purposes.

The nexus approach must include the entire 
satisfaction of the economic, social, and cultural 
rights associated with the elements of the nexus 
as the first objective of nexus policies. This is not 
only because these human rights are expressly 
recognized in regional instruments but also 
because there cannot be a development, an 
increase in synergies and efficiency or sustain-
ability, which do not have as an immediate objec-
tive the urgent satisfaction of these minimum 
vital needs, still pendent in many countries of the 
region. This statement connects directly with the 
idea of water, food, and energy security underly-
ing the nexus approach.

In the current development phase of the 
region, faced with the challenge of a costly 
energy transition in a threatening climate change 
context, the nexus approach can make significant 
contributions to the adjustment, diversification, 
adaptation, or transformation of development 
patterns models that are absolutely natural 
resource use intensive but clearly unsustainable 
and inequitable from the environmental and the 
social points of view, respectively.
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Abstract

Understanding the food, energy, and water 
nexus (FEW Nexus) and more broadly the 
environment and socioeconomic impact of 

the food supply chains has become an impor-
tant topic on policy-makers’ agendas all over 
the world. Particularly in Brazil, this analysis 
is of great value because of the country’s 
importance in world food production, and it’s 
expected that Brazil will be among the main 
players in supplying the additional food 
demand that will be requested because of the 
world population expansion. In this chapter, 
our objective is to present a model and 
describe modeling frameworks that can be 
used to measure the FEW Nexus perfor-
mance in production and transportation, 
among other systems, and present cases of 
the utilization of this kind of tool in Brazil. 
We present a dual-step procedure that com-
bines the Data Envelopment Analysis (DEA) 
method with the Network Equilibrium Model 
(NEM). This approach is used to evaluate the 
cost and energy from transportation and its 
expansion, at the same time promote food 
production and productivity growth, consid-
ering the occurrence of proper water balance 
promoted by natural rainfall, for a sustain-
able agricultural frontier expansion in Brazil 
under the FEW Nexus context. We also 
include the mitigation of CO2emissions in 
our model.
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10.1  Introduction

Agriculture in the twenty-first century faces 
multiple challenges (FAO, 2009, 2017). The 
population is estimated to reach 9.7 billion peo-
ple in 2050 (United Nations, 2019), while urban-
ization is expected to increase, accounting for 70 
percent of the world population. Simultaneously, 
the world will still be managing the issue of eco-
nomic deprivation and malnutrition of signifi-
cant parts of the population (FAO, 2009). 
Demand for cereals – for both food and animal 
feed uses – is projected to reach about 3 billion 
tonnes by 2050 (European Comission, 2019). 
These trends mean that food security will con-
tinue to be a key driver of sociopolitical priori-
ties at the global, regional, and national levels 
(European Comission, 2019).

Together, these movements in the world food 
market imply many challenges, such as increas-
ing total food availability; sustainably improv-
ing agricultural productivity; satisfying the 
increasing diversification of consumers’ basket; 
meeting quality, safety, environment, welfare, 
and ethical standards; ending hunger and mal-
nutrition; addressing climate change; and keep-
ing food affordable (European Comission, 2019; 
FAO, 2017).

Some studies analyze how production would 
respond to these trends and challenges. The 
pressure on natural resources, such as arable 
land and water use, will necessarily increase. 
FAO (2009) and Alexandratos and Bruinsma 
(2012) point out that the problem is that these 
natural resources are very unevenly distributed, 
with an increasing number of countries or 
regions reaching alarming levels of land and 
water scarcity (FAO, 2009).

In general, the FAO (2009) remarks that 80 
percent of the growth in crop production in devel-

oping countries is expected to come from higher 
yields and increased cropping intensity, with the 
remainder coming from land expansion. Crop 
yields would continue to grow but at a.

slower rate than in the past (FAO, 2009). 
Resource constraints for agricultural production 
have become relatively more stringent than in the 
past, while the growth of yields is slowing down 
(Alexandratos & Bruinsma, 2012).

The expansion in food production will occur 
mainly in developing countries, especially in 
sub-Saharan Africa and Latin America (FAO, 
2009). Brazil figures as an important world 
food supplier, being the world leader in the 
exports of soybeans, beef meat, poultry, sugar, 
orange juice, and coffee (USDA, 2018; apud 
Calil et al., 2019).

Soybeans and corn are the main grains pro-
duced in Brazil. Their production was about 210 
million tonnes in 2019 and is expected to reach 
266 million tonnes in 2029. To address this 
expansion, the cropland area used for soybean 
and corn production should increase from 23 mil-
lion ha in 2019 to 34 million ha in the next 
10 years (MAPA, 2019).

More resources, such as land, energy, water, 
and fertilizer, will be requested for increasing 
food production in Brazil. Moreover, distances 
between production areas and consumers (urban 
centers or ports, in the case of exports) have been 
increasing due to the expansion of the agricul-
tural cropland frontier to more remote areas in 
the last decades. This expansion is advancing 
without a good planning for improving the sus-
tainability performance of the supply chains. 
Providing integrated planning including produc-
tion land use, transportation, processing, and dis-
tribution until the final consumer, aiming at 
minimizing the use of natural and energy 
resources, can make the food system more effi-
cient and sustainable.

The best regions for expanding the soybean 
and corn production in Brazil depend on the 
availability of suitable cropland area without 
legally protected natural forests and the occur-
rence of a good water balance promoted by natu-
ral rainfall and will be affected by the 
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configuration of the transportation system. There 
is an important trade-off that must be considered: 
there are regions that have good agriculture eco- 
performance but present higher distances and 
higher transportation costs and emit higher levels 
of greenhouse gases (GHG). In view of those 
characteristics regarding land use and transporta-
tion, it is desirable that the planning of the 
Brazilian grain production expansion goal at bal-
ancing this trade-off.

In this chapter, our overall objective is to pres-
ent modeling frameworks that could be applied to 
evaluate and improve the FEW Nexus perfor-
mance of various agriculture systems, including 
the Brazilian food supply chains.

Based on the modeling results, we intend to 
present an analysis of the most efficient regions 
to produce soybeans and corn in Brazil, consider-
ing criteria such as rainfall availability, yield, 
energy consumed, and CO2 emissions in the 
transport.

This chapter will present a dual-step proce-
dure using a Data Envelopment Analysis (DEA) 
and a Network Equilibrium Model (NEM). While 
DEA classifies suitable regions for a production 
growing according to their agriculture eco- 
performance, NEM finds the optimal spatial dis-
tribution of the soybean and corn production 
expected in the future and the optimal interre-
gional transportation flows of cargo between the 
supply and demand regions.

We show two case studies to illustrate the 
application of this procedure for planning future 
corn and soybean production in Brazil.

Our approach can be used to guide strategies 
aiming at the expansion of the food production. 
The results obtained with our model reveal an 
efficient set of policies that can be used to reach 
the expected future food demand while improv-
ing supply chain sustainability. The model for-
mulation avoids that production expansion 
occurs in areas covered with natural forests, 
reduces the GHG emission by land use and 
transportation, minimizes the energy from trans-
portation, and reduces the need of water via 
supplemental irrigation, benefiting lower and 
competitive costs.

10.2  Data Envelopment Analysis 
(DEA) and Network 
Equilibrium Model (NEM): 
Some Insights About 
the Models and Applications

10.2.1  Data Envelopment Analysis 
(DEA)

According to Lampe and Hilgers (2015) and 
Chen et  al. (2015), usually stochastic frontier 
analysis (SFA) is applied to the economic field, 
while usually DEA is applied to the operations 
research field. And comparing these methods, 
generally, common SFA models consider one 
output and multiple inputs and it needs a func-
tional form, while DEA always allows multiple 
outputs and multiple inputs, besides not requiring 
a specific functional form.

According to Farrell (1957), one of the types 
of efficiency is technical efficiency. T echnical 
efficiency reflects obtaining the maximum out-
puts with the minimum inputs, i.e., obtaining the 
optimal efficiency (best weights) for each 
DMU.  Data Envelopment Analysis (DEA) was 
developed by Charnes et al. (1978) for efficiency 
analysis based on the concept of technical effi-
ciency from Farrell (1957).

Data Envelopment Analysis (DEA) models 
are widely applied in various areas for multicrite-
ria efficiency level assessment, comparison, and 
ranking across decision-making units (DMUs). 
According to Stewart (1996), DEA is a satisfac-
tory method for grading systems or DMUs’ per-
formance, by comparing how efficiently these 
DMUs convert inputs to outputs. DEA is a non-
parametric method, based on mathematical pro-
gramming, which makes it possible to minimize 
or maximize functions with or without 
restrictions.

The main advantage of this method is that it 
allows measuring the performance of systems 
with multiple inputs and outputs, without requir-
ing a production function specification nor the 
prior definition of inputs and outputs weights, 
making the weighting process less subjective. 
When compared to other methods, such as 
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econometric models that depend on the estima-
tion and tests of several parameters, the flexibil-
ity given by DEA models is often preferable. 
However, the formulation of DEA models results 
in a separate linear program for each DMU, and 
their solution may require large computational 
capacity when the problem comprehends a large 
number of DMUs (Raju & Kumar, 2006).

Several studies have used DEA to evaluate 
performance in agriculture, focusing mainly on 
the analysis of efficiency, often measured by the 
total factor productivity (TFP). According to Fare 
et al. (1994), TFP is an index widely used to mea-
sure the economic efficiency of agricultural pro-
duction. The index embodies the average 
productivity of all inputs with market value, such 
as land, labor, and capital (tractors, machinery, 
fertilizers, livestock, etc.), measured in terms of 
market value. The main objective of efficiency 
analysis is to understand whether a production 
unit is delivering the maximum yield from a 
given set of inputs (Kalirajan et al., 1996).

DEA method is also applied to measure the 
eco-efficiency of agri-food supply chains. This 
type of analysis has become more popular given 
the increasing concerns about the possible dam-
age to the environment caused by agriculture 
(Masuda, 2016; DeSimone & Popoff, 2000; 
Mwambo et al., 2020). The assessment of irriga-
tion efficiency is another popular application of 
DEA in agriculture and has been studied by 
Kibirige et al. (2019), Yilmaz et al. (2009), Raju 
and Kumar (2006), and Rodrigues-Díaz et  al. 
(2004), for example.

There is a lack of studies applying DEA to 
evaluate FEW Nexus systems. Li et  al. (2016) 
and Zhang and Xu (2019) developed DEA- 
Malmquist models to compare the Nexus effi-
ciency for Chinese cities or regions. While 
Ibrahim et al. (2019) evaluated the efficiency of 
Organization for Economic Co-operation and 
Development (OECD) countries in terms of land- 
FEW Nexus at a transnational level. Results 
showed that the outcome obtained from the land- 
FEW Nexus efficiency scores is more related to 
an adequate use of resources than the scores 
obtained using the minimum land-FEW Nexus 
resources.

10.2.2  Network Equilibrium Model 
(NEM)

According to Alves Junior et  al. (2021), NEM 
applications in green and sustainable cargo trans-
portation are increasing, but they are still rare. 
Since the mid-nineteenth century, the researchers 
and urban and transportation planners recognized 
the importance of developing tools for modeling 
the interaction of land use and transportation, 
with a special contribution of Carey (1858), who 
proposed a macroeconomic model to predict peo-
ple and commodity spatial flows (Nijkamp, 
2007).

According to Holguín-Veras et al. (2001), the 
conditions of the transport supply and costs influ-
ence the business and production location deci-
sions. At the same time, there are other aspects 
influencing the land-use configuration and thus 
impacting indirectly the transportation system. 
For this reason, scientific researchers perceived 
the necessity for developing strategic planning 
models that take into account the mutual relation 
between land use and transportation. More 
recently, other aspects, such as environmental 
impacts and energy consumption on transporta-
tion, are being frequently considered in this kind 
of modeling.

The freight transportation models have the as 
main purpose to reproduce the transportation sys-
tem consciously, including the main components 
of the system and their interrelationships, and it 
is desirable they take into account spatial varia-
tions of the supply and demand levels, allowing 
the planners to assess the impacts of policies, 
infrastructure improvements, and management 
actions upon the current and future transportation 
performance (Holguín-Veras et al., 2001).

The modeling of spatial production and 
transportation models are analytical tools of 
freight movement patterns and economic inter-
action over geographic space. The methods and 
models developed for evaluating these phenom-
ena have been improved since the second half of 
the nineteenth century in order to support the 
transportation and land-use planners. The initial 
foundations of multiregional goods interchange 
modeling are based on the gravitational force 
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theory consolidating a category named gravity 
models (Batten & Boyce, 2007). The gravity 
models are widely applied in the distribution 
phase of the traditional four-step method used in 
transportation planning: (i) trip generation, (ii) 
distribution, (iii) mode split, and (iv) traffic 
assignment.

Holguín-Veras et al. (2001) based on an exten-
sive review of regional freight models (RFM) 
classified them into three main families: Input- 
Output models, Spatial Interaction models, and 
Origin-Destination synthesis formulations.

The Input-Output (I-O) models are analytical 
formulations representing the interrelation 
among economic sectors, based on functions that 
describe the number of inputs required by a sec-
tor to produce a given economic output. The I-O 
models are derived from the initial concepts pro-
posed by Leontief (1936), and generally, they 
predict the intersectoral flows of the economic 
production when the equilibrium between total 
supply and total demand occurs, considering that 
the products are homogeneous and assuming the 
average technology of the production sectors. 
The single-region I-O model does not allow 
assessing the commodity or monetary regional 
flows, as a consequence of its natural structure. 
However, improved methods like the 
Multiregional Input-Output Models (MRIO) 
overcome this limitation. The literature indicates 
that I-O models can be well applied for interre-
gional freight transportation forecasting. One 
negative aspect of this method is that it requires a 
significant amount of data, and the estimation of 
the different technical coefficients can be 
difficult.

Spatial Interaction models are a family of 
models that try to estimate the commodity inter-
regional flows as a function of the interactions 
among supply and demand regions in space, and 
this model’s category includes gravity, direct 
demand, and equilibrium models.

In the case of the direct demand models, the 
transportation flows and the mode split are deter-
mined using an econometric model that predict 
the interregional freight flows based on a set of 
regions and transportation network aspects, such 
as population, production, income, travel time, 

transportation costs, and others (Holguín-Veras 
et al., 2001).

The equilibrium models are based on 
“Wardrop’s principle,” assuming that all cargo 
shippers are identical, non-cooperative, and ratio-
nal and that they select the shortest (or lowest 
cost) route for delivering their cargo. Considering 
that all shippers select the routes according to this 
principle, the flows through the transportation 
network reach an equilibrium. Generally, the 
equilibrium models are classified into two main 
categories: the spatial price equilibrium (SPE) 
model and the network equilibrium model 
(NEM).

Since the Harvard Model (Kresge & Roberts, 
1971) proposed a method for finding the optimal 
distribution of freight flows from suppliers to 
consumers that minimize total transportation cost 
over a simplified transportation network, the 
world’s researchers have developed other equi-
librium models that permit a more detailed simu-
lation of logistics operations and transportation 
network aspects.

As an example of these advances, specialized 
models are presented in the literature proposing – 
among others  – the use of nonlinear transport 
cost functions sensitive to economies of scale, a 
multimodal transportation network with capacity 
constraints, delay functions reproducing the 
effect of congestions, and the traffic of empty or 
specialized vehicles, allowing a more detailed 
and realistic representation of transportation sys-
tems (Branco et  al., 2020; Branco et  al., 2019; 
Caixeta-Filho & Macaulay, 1989; Crainic et al., 
1990; Crainic & Laporte, 1997; De La Cruz et al., 
2010; Friesz et  al., 1983; Friesz and Harker, 
1983; Gédéon et  al., 1993; Guélat et  al., 1990; 
Labys & Yang, 1991).

According to Holguín-Veras et al. (2001), it is 
expected that a transportation planning tool pro-
vides a good estimative of commodity interre-
gional flows and freight traffic, supporting the 
analysis of the impacts caused by capacity 
enhancement or new multimodal transport infra-
structures upon the freight transportation system 
as a whole. In view of that, the authors highlight 
two important aspects of freight transportation 
models:
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• It should take into account the interrelation-
ship between transportation activity and the 
economy as a whole because the typical use of 
a regional freight model is on the analyses of 
how the level of economic activity could 
impact the transportation demand and vice 
versa.

• It should simulate the shippers’ choice about 
the different transportation modes, being able 
to model as real as possible the complex 
freight transportation systems. So, it could be 
applied to the analyses of multimodal 
projects.

10.2.3  Data Envelopment Analysis 
(DEA) and Network 
Equilibrium Model (NEM)

The traditional interregional freight models allow 
finding the optimal spatial distribution of the pro-
duction and the optimal interregional flows 
through the multimodal transportation network, 
resultant of the supply and demand levels in each 
region, that minimize the total cost. However, it 
does not consider other important aspects that 
can affect the production spatial distribution, like 
the agriculture performance of the production 
regions. In other words, normally this kind of 
modeling did not take into account the productiv-
ity of the supply regions when choosing the best 
regions that could increase their production for 
supplying the expected future demand.

In view of that, over time, transportation mod-
els have become progressively fused with models 
that allow describing and predicting economic 
production behavior (Batten & Boyce, 2007).

In this context, we used a dual-step procedure 
for determining the optimal future grain produc-
tion and its interregional transportation flows into 
the multimode network. First, we applied a Data 
Envelopment Analysis (DEA) aiming to classify 
suitable regions for soybean growing according 
to their agriculture yield. In the second step, we 
applied a Network Equilibrium Model (NEM) to 
find the optimal spatial distribution of the soy-
bean and corn production expected by 2050 and 

the optimal interregional transportation flows of 
cargo between the supply and demand regions. 
The application is detailed in the next sections.

10.3  A Dual-Step Procedure Using 
Data Envelopment Analysis 
(DEA) and Network 
Equilibrium Model (NEM): 
An Application to Few Nexus 
Performance Evaluation

The Brazilian freight transportation system is 
highly dependent on trucks, even for large dis-
tance routes. Around 60% of the Brazilian corn 
and soybean production is transported by road, 
30% by rail, and 10% by waterway (BRASIL, 
2018). However, the total public investment in 
freight transport infrastructure fell to 37% 
between 2010 and 2017, almost freezing the 
expansion of waterways, railways, and roads in 
the country (BRASIL & EPL, 2019). During the 
same period, Brazilian corn and soybean produc-
tion increased 61% (IBGE, 2020), occupying 
new cropland located even farther from the main 
grain exporting ports terminals. Consequently, 
the eco-efficiency of freight transportation in 
Brazil weakened, increasing costs, diesel con-
sumption, and GHG emissions. The Brazilian 
transport sector is responsible for about 35% of 
the total fossil fuel consumption and for over 
48% of the GHG emissions in the country 
(BRASIL and EPL, 2019).

In 2020, the Brazilian government scheduled 
the next steps of the railway concession plan, 
aiming to attract private companies to build and 
operate the following railway projects: Ferrogrão 
railway (FG), West-East Integration Railway 
(FIOL), and Center-West Integration Railway 
(BRASIL, 2020; VALEC, 2020).

Due to the importance of Brazilian agricul-
ture, especially the production and exports of 
soybean, the case goals to determine the efficient 
locations where production should be expanded 
to reach the estimated oilseed production in 2050. 
The analysis prioritizes production in suitable 
areas located in the most efficient producing 
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regions and only allowing the use of pasture 
areas, without additional deforestation. Therefore, 
a holistic and integrated perspective is applied, 
considering the interaction between the transport 
system and the land use.

The developed model consists of a two-step 
process, in which we describe the interaction 
between transportation and land use. Other mod-
els that integrate those two variables often con-
sider the association between production location 
and transport. With that said, the level of trans-
port accessibility affects the decision regarding 
the production location, and each production 
location generates different travel demands. As 
the changes in the transport system can cause 
long-term effects on the spatial distribution of 
production and transportation demands, the con-
nection between land use and transport (and vice 
versa) is a pillar to the transportation modeling 
(Mackett, 1985).

In this section, we describe the application of 
a Data Envelopment Analysis (DEA) and 
Network Equilibrium Model (NEM) models 
used to evaluate the FEW Nexus performance in 
various regions and to direct cropland area 
expansion in Brazil. This model is used to find 
the best transportation flows, considering the 
trade-off between environmental and economic 
gains. In our FEW Nexus approach, we use the 
average soybean yield and soybean yield risk to 
represent “food,” the average temperature to 
represent “energy,” and the reduction of poten-
tial soybean yield due to water deficit to repre-
sent “water.” In addition to the FEW variables, 
we include the energy consumed in soybean 
transportation in a Network Equilibrium Model 
(NEM).

After applying the DEA model to determine 
the most appropriate spatial distribution for the 
current production, we use the Network 
Equilibrium Model to find the optimal spatial 
distribution for future production. We considered 
as total cost the sum of the following individual 
costs: (i) the loss of productivity due to water 
deficit in each region, (ii) the cost of corn and 
soybean production, and (iii) the transportation 
cost from the producing regions to the exporting 
ports.

10.3.1  DEA Model Formulation

DEA model was used to determine soybean pro-
duction efficiency in Brazilian microregions, the 
decision-making units (DMUs). The method 
implementation returns efficiency scores for each 
DMU that are used to represent performance 
composite indicators. The formulation of a DEA 
model depends on a set of characteristics, such as 
the assumptions regarding the returns to scale 
(variable, VRS; or constant, CRS) or its orienta-
tion (output, input, or non-oriented) (Charnes 
et al., 1978; Banker et al., 1984). The slack-based 
measure (SBM) model (Tone, 2001) allows 
DMUs to simultaneously maximize their output 
and minimize their inputs (Cook et  al., 2014). 
Several studies have used DEA models to solve 
agricultural and logistic problems (Gómez- 
Limón et al., 2012; Toma et al., 2017; Melo et al., 
2018; Melo et  al., 2020). Equations (10.1) 
through (10.6) represent the slack-based measure 
(SBM) model developed by Tone (2001), assum-
ing variable returns to scale (VRS):
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Where τ is the efficiency level, t is the model 
linearization variable, Si

−  is the slack variable for 
the i-th input, Sj

+  is the slack variable for the j-th 
output, Λk is the contribution of the k-th DMU to 
the DMU0 (under analysis), xi0 is the amount of 
i-th input used by DMU0 (under analysis), yj0 is 
the amount of the j-th output produced by DMU0 
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(under analysis), xik is the amount of the i-th input 
used by the k-th DMU, yjk is the amount of the 
j-th output produced by the k-th DMU, m is the 
number of inputs used in the model, n is the num-
ber of outputs considered in the model, and z is 
the number of DMUs in our analysis.

The model represented with Eqs. 10.1 through 
10.6 is the standard SBM model under VRS 
assumptions and is formulated considering desir-
able inputs, simply deemed as inputs, and desir-
able outputs, simply deemed as outputs. However, 
according to Liu et al. (2010), in real-world situ-
ations, the DMUs also face both undesirable 
inputs (UI) and undesirable outputs (UO). Since 
the DMUs aim to minimize inputs and UO as 
negative factors (Rentizelas et al., 2019; Seiford 
& Zhu, 2002), we can consider UO as inputs in 
the model. Moreover, because the DMUs aim to 
maximize outputs and UI as positive factors (Liu 
et  al., 2015), we can use UI as outputs in the 
model. In our approach, the reduction of poten-
tial yield due to water balance deficit and yield 
risk is an example of UO, and the average tem-
perature is an example of UI.

We use our model to estimate individual scores 
for each DMU (region), which correspond to their 
relative efficiency levels. DMUs with estimated 
score equal to one (τ∗ = 1), the maximum value, 
are considered efficient. Because more than one 
DMU can be assigned with the maximum efficient 
score, we use the double frontier composite indi-
cator (CI) tiebreaking method, suggested by Leta 
et al. (2005), to avoid ties in the first position of 
our rank. The CI (Eq. 10.7) is the arithmetic aver-
age calculated using the inverted (handling outputs 
as inputs and vice versa) and the standard effi-
ciency scores. We standardize each score dividing 
it by the maximum value.
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Where τ k
inverted

 is the inverted efficiency 
score estimated for the k-th DMU and τ k

standard  
is the standard efficiency score calculated for 
the k-th DMU.

Based on the efficiency score rank obtained 
from the DEA model results, the DMUs 
(regions) were split into three groups: (i) high-
performance regions, consisting of the first ter-
tile of the most efficient production regions 
accordingly to DEA; (ii) regular-performance 
regions, consisting of the second tertile; and (iii) 
the low-performance regions, consisting of the 
last tertile. The estimated cost reflects the reduc-
tion of the maximum soybean potential yield 
due to the water balance deficit for each group 
of regions. This cost was included in the total 
cost of the NEM.

10.3.2  Data and Variable Description

Our analysis uses data from all Brazilian micro-
regions (Brazilian Institute of Geography and 
Statistics – IBGE, 2020) which were considered 
suitable for soybean production and the expan-
sion areas identified by the territorial intelli-
gence decision-making support system provided 
by AGROIDEAL (2019). Figure  10.1 summa-
rizes the analyzed microregions and their cur-
rent soybean production. This approach 
indicates the available cropland areas, consider-
ing the locations that are currently used for pas-
ture and could be used for agricultural 
production expansion. As all forest areas are out 
of the scope of the current investigation, the 
expansion necessary occurs only on pasture 
areas.

We consider the average soybean yield as a 
positive performance factor in our model, because 
this variable shows how efficiently a DMU con-
verts land into soybean production. The standard 
deviation of yields is calculated to represent yield 
risk and is considered a negative performance 
factor. We used the soybean yield data, from 
2014 through 2018, for each microregion, from 
the Brazilian Institute for Geography and 
Statistics (IBGE, 2020).

The potential reductions in soybean yield 
due to water balance deficit were obtained 
from the National Institute of Meteorology 
(INMET, 2019). The INMET (2019) developed 
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Fig. 10.1 Brazilian regions and current soybean production per microregion

a forecast model that uses weather information 
from many climate stations to estimate this 
potential reduction in production. The esti-
mated values obtained from this model were 
used as negative performance factors. Our 
assumption is that producers located in areas 
with higher expected yield reduction will be 
more likely to use irrigation in their crop. The 
data set from INMET (2019) covers the period 
between 2014 and 2018.

According to EMBRAPA (2013), tempera-
tures lower than 20 °C can reduce germination, 
and temperatures lower than 10  °C may 
severely stunt the growth of the soybean plant. 
The ideal temperature for soybean cultivation 
is around 30  °C.  Despite temperatures higher 
than 40  °C also being harmful to the growth 
and flowering, the average temperature range 
of the selected microregions was between 
20  °C and 30  °C.  Therefore, within this tem-
perature range, there is a positive relationship 
between temperature and soybean yield, justi-
fying the use of the average temperature as a 
positive factor of performance in our model. 
The average temperature within microregions 
was obtained from (INMET 2019), between 
2014 and 2018.

10.3.3  Network Equilibrium Model 
Formulation

The goals of our NEM model are to:

 (i) Find the optimal distribution of corn and 
soybean production forecast for 2050.

 (ii) Use results from (i) to minimize the total 
cost of a multimodal transport network used 
to model the transportation flows among 
producing and demand regions.

 (iii) Calculate CO2 emissions originated from 
the transportation flows in (ii).

 (iv) Measure the possible impact of the inclu-
sion of planned railways in our transport 
intermodal network, in terms of cost and 
CO2 emission reduction.

Our model was built under the assumption 
that soybean and corn producers choose where to 
grow their crops, considering the distribution of 
transportation flows that provides the minimum 
total cost.

Figure 10.2 summarizes the transportation 
network and its connection between supply and 
demand regions, as well as the main variables, 
used in our model.
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Fig. 10.2 Transportation 
network and main 
variables of the model. 
(Source: Adapted from 
Branco et al., 2020)

where:

o: Supply regions (origins).
d: Demand regions (destination)  – domestic 

demand region or an export terminal.
c: Demand market, which can be a domestic mar-

ket (dm) or international market (im).
t: Transshipment terminal, which loads cargo into 

different transportation modes including rail 
and inland waterways, but not roadways.

p: Product: soybean (s) or corn (co).

The transportation nodes are connected 
through network arcs, which represent the avail-
able transportation infrastructure, utilized in 
interregional freight flows between producing 
and demand regions. We use the following vari-
ables to represent interregional flows:

RODod
cp : Road transportation flow of product p 

between origin o and destination d, in the mar-
ket c.

ROTot
cp : Road transportation flow of product p 

between origin o and transshipment point t, in 
the market c.

MMtd
cp : Multimodal transportation flow of prod-

uct p between transshipment point t and desti-
nation d, in the market c.

Our goal is to minimize the total supply cost 
(C) represented in the following objective func-
tion (Eq. 10.8):
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where:

𝐶: Total cost (US$/tonne), including the maxi-
mum yield reduction cost and production and 
transportation costs.

TC: Transportation cost (US$/tonne of cargo) 
between an origin and a destination (TCod), 
between an origin and a transshipment termi-
nal (TCot), and between a transshipment termi-
nal and a destination (TCtd).

PCo
p :  Production cost (US$/tonne of corn and 

soybean) in each origin o (origins suitable for 
corn and soybean production) for product p 
(soybean or corn).

YCo: Yield cost (US$/tonne  of soybean) repre-
senting the soybean maximum yield reduction 
of each suitable production region o due to the 
water balance deficit.

We only consider soybean yields in our analy-
sis because we assume that corn is taken as a sec-
ondary crop in most of the country. Our 
assumption is that corn is mainly used for soil 
rotation after soybean harvest, planted as the 
winter crop. Moreover, the soybean crop repre-
sents the largest part of farming revenue, while 
corn revenue is secondary. With that said, we 
assume that the spatial distribution of the future 
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production regions will be mainly guided by the 
soybean regional growing performance.

We use Eq. (10.9) to represent the total CO2 
emissions from transportation:

 

CO CO
o d c p

od
cp

od2 2= ∑∑∑∑ROD E.

 

 

+∑∑∑∑
o t c p

ot
cp

otCOROT E. 2

 

(10.9)
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t d c p

td
cp

tdMM CO.E 2

 

where:

ECO2: Emissions of CO2 (tonnes of CO2/tonne of 
cargo) by transportation between an origin 
and a destination (ECO2od), between an origin 
and a transshipment terminal (ECO2ot), and 
between a transshipment terminal and a desti-
nation (ECO2td).

The variable “ECO2” represents the 
CO2emission from each network link. Emissions 
were calculated multiplying the amount of CO2 
emission per kilometer and tonne, by the distance 
between the nodes of the network.

Equation (10.10) represents a set of con-
straints regarding the total amount of soybeans 
and corn shipped to supply domestic demand and 
exports. The total amount of shipped oilseed and 
grains must be lower than or equal to the total 
production ( PROo

p ) of each product p and origin 
region o plus their respective future production. 
Future production is obtained multiplying the 
size (in hectares) of the future area (FAo) used for 
corn and soybean production expansion, in each 
origin o, by the respective expected yield YLo

p( )  
for each product p in the origin o (tonnes/
hectare).
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Equation (10.11) shows that the future produc-
tion area in each origin o must be lower or equal 

than the maximum suitable area for corn and soy-
bean production in that same region (SAo).

 FA SA oo o≤ ∀,  (10.11)

We use Eq. (10.12) to cover the supply of 
domestic demand (c = dm). The following equa-
tion states the total amount of products moved to 
each demand region must be equal to the domes-
tic demand ( DEMd

p )  for each product in that 
region:

o

od

cp

t

td

cp

d

p
MM DEM d p c dm∑ ∑+ = ∀ =ROD and, ,

 
(10.12)

Equation (10.13) is used to determine that the 
total amount of each commodity transported to 
each destination node addressed as an exporting 
terminal (d ∈ {sp}) is equal to the international 
demand (c = im):

o
od
cp

t
td
cp

d
pMM EXP d sp

p c im

∑ ∑+ = ∀ ∈{ }
=

ROD

and

, ,

(10.13)

Equation (10.14) determines that the sum of 
transportation flows arriving in each transship-
ment terminal t must be equal to the sum of trans-
portation flows that departs from each terminal:

 o
ot
cp

d
td
cpMM t c p∑ ∑= ∀ROT and, ,

 
(10.14)

Equation (10.15) is used to add a limitation for 
the total quantity of cargo assigned to each trans-
shipment terminal t. This total must be equal to or 
less than the load capacity of each terminal 
(TCAPt):

 o c p
ot
cp

t t∑∑∑ ≤ ∀ROT TCAP ,

 

(10.15)

10.3.4  Transportation Network 
and Scenarios

We built the multimodal transportation network 
and determined the capacity for each node in the 
model based on information regarding the total 
amount of soybeans and corn shipped in 2017 
(ANTAQ, 2017; ANTT, 2017).

10 Methods for Evaluating Food-Energy-Water Nexus: Data Envelopment Analysis and Network…



190

Fig. 10.3 Brazilian current transportation network, planned railways, and export ports. (Source: Elaborated by the 
authors)

The future scenarios consider the following 
planned projects: West-East Integration Railway 
(FIOL), South stretch of North-South railway 
(FNS), Center-West Integration Railway (FICO), 
and Ferrogrão railway (FG). We assumed uncon-
strained capacities. Figure 10.3 shows the current 
and planned infrastructure (railways, waterways, 
and ports).

We analyze the following scenarios in our 
model:

 (i) Current production: The objective is to 
reach the minimum total cost using the cur-
rent multimodal network  – MTC (CP/
CMN). The costs are minimized consider-
ing the 2018 corn and soybean production.

 (ii) Forecasted production: The objective is to 
reach the minimum total future cost using 
the current multimodal network – MTC (FP/
CMN). The costs in 2050 are minimized 

costs, using the constraints established in 
the current multimodal network, i.e., using 
the current availability for grain transporta-
tion and capacities.

 (iii) Planned infrastructure and forecasted pro-
duction: The objective is to reach the mini-
mum total cost with future multimodal 
network – MTC (FP/FMN). The total cost in 
2050 is minimized, considering that trans-
portation will occur in the future multimodal 
network, including planned railways, and 
assuming no capacity constraints.

 (iv) CO2 emission minimization: Assuming the 
Forecasted Production with Future 
Multimodal Network  – MCO2 (FP/FMN). 
The total CO2 emissions in 2050 are mini-
mized, considering that transportation will 
occur in the future multimodal network, 
including planned railways, and assuming 
no capacity constraints.
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10.4  Results and Discussion

10.4.1  DEA Approach

The relative efficiency scores for a total of 107 
microregions were calculated using Eqs. (10.1) 
through (10.7). We only considered microre-
gions that are suitable for soybean production 
in our analysis. Figure 10.4 shows all microre-
gions used in our analysis, which are combined 
in nine groups of similar efficiency scores, 
according to the DEA model results. The more 
efficient the microregion, the darker the color 
in the map.

The FEW Nexus approach resulted in a spa-
tial distribution with the best-ranked microre-
gions in the central-west and northern regions. 
After applying the DEA model, we ranked 
microregions accordingly to their scores and 
analyzed them, considering three efficiency 
groups: high (position 1 through 35), average 

(position 36 through 72), and low position 73 
through 107).

According to our results, the microregions 
(DMUs) in the central-west (CW) and in the 
north (N) presented relatively high scores. We 
found that 53.7% (22 out of 41) of the microre-
gions in the CW and 75% (6 out of 8) in the north 
are classified within the high-efficiency group. 
Only 12.2% (5 out of 41) of the CW microre-
gions and none in the north are within the low- 
efficiency group. On the contrary, our results 
reveal that microregions in the southeast (SE) 
and northeast (NE) have relatively low scores, 
with respectively 57.5% (23 out of 40) and 37.4% 
(6 out of 16) of the microregions within the low- 
efficiency group. Only 5% (2 out of 40) of the 
microregions in the SE and 31.3% (5 out of 16) in 
the NE are within the high-efficiency group. 
Because all high-efficiency areas in the south (S) 
were already occupied, we could analyze only 
two microregions that presented suitable areas to 

Rankings
1-12

97-107
85-96
73-84
61-72
49-60
37-48
25-36
13-24

Fig. 10.4 Microregions suitable for soybean growing, classified according to their efficient scores
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expand production: one is classified in the 
average- efficiency group and the other in the 
low-efficiency group.

We forecasted the future production in 2050 
using the estimated efficiency scores to rank the 
availability of suitable areas for soybean produc-
tion, in each microregion. We then assigned addi-
tional production to suitable areas, starting with 
the most efficient microregions. For those areas 
with no suitable land to expand the production, 
we used the same 2018/2019 production for 
2050. We additionally assumed that the produc-
tion expansion can only occur in released pasture 
suitable areas (PA). The expected soybean spatial 
production distribution, in 2050, is shown in 
Fig. 10.5.

The expansion of soybean production in 
Brazil (over PA) was calculated based on FAO 
(2017) and MAPA (2019). Our results indicate 
that the country can potentially produce a total of 
192 million tonnes in 2050 (expanding only over 
PA). When compared to the 115 million tonnes of 
soybeans produced in the 2018/2019 crop year 
(IBGE, 2020), the expected production repre-
sents an increase of 67%.

The results in Fig. 10.5 show that deforesta-
tion for agriculture production can be avoided 
since Brazil does not need to use forest areas to 
achieve the expected production in 2050. Our 
findings suggest that the exclusive use of pasture 
areas is sufficient to meet 100% of the production 
goals. This outcome is achievable if future soy-
bean production occurs only in areas located in 
the most efficient microregions in the country. 
This result is in line with previous studies in lit-
erature, such as Stabile et al. (2020), that demon-
strated that it is possible to increase production 
(also in the Amazon region) and simultaneously 
decrease deforestation. The same authors sug-
gested investments in increasing productivity and 
public policies to avoid deforestation.

According to the results obtained from our 
DEA models, the 2050 expected soybean produc-
tion could be reached using part of the areas cur-
rently used as pasture and reducing the water 
balance deficit. With expansion occurring only in 
pasture areas (PA), our results indicate yield 
reductions due to water balance deficit in com-
parison to the current scenario from 35.1% (aver-
age between 2014 and 2018) to 31.7% (2050).

Expanded Prouction
(million tonnes)

0-0

3-5
5 -9
9-27
Port

1-3
0.5-1
0.2-0.5
0.1-0.2
0-0.1

Fig. 10.5 Expected 
soybean production for 
2050, considering the 
expansion only over PA
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In summary, incentives aiming to improve 
production and transportation efficiency should 
encourage soybean production in areas with 
lower water deficit, where irrigation is less neces-
sary, as well as where there are near routes con-
necting the production areas to export terminals. 
Since the most efficient regions (considering the 
number of microregions and the production vol-
ume) are located far from the main ports, in the 
central-west, policymakers are recommended to 
prioritize infrastructure investments.

Whether future investments, technological 
evolution, and public policies promote the 
improvement of crop yields and, at the same 
time, the increase of soybean production in areas 
with lower water deficit, it will be possible to 
reduce even more the projected need of irriga-
tion, improve energy efficiency, and reduce CO2 
emissions transporting corn and soybeans. It is 

fundamental to highlight that, even for the cur-
rent scenario, our findings demonstrate that it is 
possible to achieve a cleaner production for the 
next 30  years using only pasture area and no 
deforestation is needed. Moreover, the develop-
ment of alternative routes to transport grains and 
oilseeds (including waterways and railroads in 
green transport corridors), the improvement of 
road pavement conditions, and the encourage-
ment of cargo fleet renewal will also result in 
positive environmental and economic impacts.

10.4.2  NEM Approach

Table 10.1 shows the current and the future 
(2050) production by state. The results indicate 
that the spatial distribution of future production 
in the MTC (FP/CMN) scenario points out to an 

Table 10.1 Current and future (2050) corn and soybean production by state (thousand tonnes)

Brazilian state
2018 2050
MTC (CP/CMN) MTC (FP/CMN) MTC (FP/FMN) MCO2 (FP/FMN)

Mato Grosso (MT) 60,763 69,149 75,754 68,454
Mato Grosso do Sul (MS) 18,937 54,157 49,438 49,891
Goiás (GO) 21,614 39,717 50,413 45,085
Minas Gerais (MG) 11,977 42,402 33,892 42,402
Paraná (PR) 36,777 41,875 41,875 41,875
Rio Grande do Sul (RS) 26,251 28,181 28,181 28,181
Maranhão (MA) 4056 21,830 20,384 21,830
Bahia (BA) 7431 14,545 14,545 14,545
São Paulo (SP) 8267 13,548 11,497 13,548
Tocantins (TO) 3432 12,721 12,299 12,721
Piauí (PI) 3537 6381 6227 6381
Santa Catarina (SC) 5424 5775 5775 5775
Pará (PA) 2596 2511 2511 2511
Rondônia (RO) 1849 1978 1978 1978
Distrito Federal (DF) 683 1268 1268 860
Sergipe (SE) 759 844 844 844
Ceará (CE) 336 374 374 374
Amazonas (AM) 8 298 298 298
Roraima (RR) 99 147 147 147
Acre (AC) 81 91 91 91
Pernambuco (PE) 54 60 60 60
Amapá (AP) 62 55 55 55
Espírito Santo (ES) 33 37 37 37
Alagoas (AL) 32 37 37 37
Paraíba (PB) 24 26 26 26
Rio de Janeiro (RJ) 7 8 8 8
Rio Grande do Norte (RN) 4 4 4 4
Total 215,092 358,018 358,018 358,018
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increase in corn and soybean production in the 
states of Mato Grosso do Sul/MS (35 million 
tonnes of additional production), Minas Gerais/
MG (30 million tonnes), Goiás/GO (18 million 
tonnes), Maranhão/MA (18 million tonnes), 
Tocantins/TO (9 million tonnes), Mato Grosso/
MT (8 million tonnes), Bahia/BA (7 million 
tonnes), São Paulo/SP (5 million tonnes), and 
Paraná/PR (5 million tonnes). Together, these 
states can potentially represent about 87% of the 
expected production expected in 2050.

The results for the analysis of scenarios MTC 
(CP/CMN) and MTC (FP/CMN) are shown in 
Fig.  10.6a, b, respectively. Figure  10.6b shows 
where production should be located considering 
the total cost minimization and that the 2050 
transport network will remain the same as in 
2018. In this scenario, there is no change in the 
current railway network.

The spatial distribution of the expected 2050 
production according to scenarios MTC  (FP/
FMN) and MCO2 (FP/FMN) is shown in 
Fig. 10.7. The results do not indicate any signifi-
cant difference between these scenarios in terms 
of improvements in the future spatial production 
distribution when we minimize costs and emis-
sions. According to it, the future railway network 
will simultaneously improve the competitiveness 

and efficiency of transport in terms of CO2 
emissions.

Since we could only find relatively small 
changes in the production spatial distribution 
using the scenarios that aim to minimize total 
costs, we can conclude that the routes designed 
for the planned railways are efficient. The 
planned railways cross regions with high effi-
ciency for grain production and are in line with 
the optimal corn and soybean interregional trans-
portation flows for the expected production, in 
2050.

When we focused on the cost minimization 
using the MTC (FP/FMN) scenario, our models 
indicate an additional production of 11 million 
tonnes in Goiás/GO and 7 million tonnes in Mato 
Grosso/MT. Our results also suggest a reduction 
in the production in Minas Gerais/MG (−9 mil-
lion tonnes), Mato Grosso do Sul/MS (−5 million 
tonnes), São Paulo/SP (−2 million tonnes), 
Maranhão/MA (−1 million tonnes), and 
Tocantins/TO (−1 million tonnes). Therefore, we 
can conclude that the planned railways will play 
an important role in improving the competitive-
ness of grain production in the more central 
states, such as Mato Grosso/MT and Goiás/GO.

Considering the CO2 emission minimization 
in scenario MCO2 (FP/FMN), our results suggest 

Fig. 10.6 Spatial distribution of current (2018) and future (2050) production maintaining the current multimodal net-
work. (a) MTC(CP/CMN) Scenario. (b) MTC (FP/CMN) Scenario
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Fig. 10.7 Spatial distribution of future (2050) production including new planned railways. (a) MTC (FP/FMN) 
Scenario. (b) MCO2 (FP/CMN) Scenario

Table 10.2 Total CO2 emissions and total cost for each scenario

Total CO2 emissions Total cost
Scenario Million tonnes kgCO2/tonne Billion US$a US$/tonne
MCO2 (FP/FMN) (2050) 5.9 17 239.4 668.6
MTC (FP/FMN) (2050) 6.3 18 237.2 662.6
MTC (FP/CMN) (2050) 7.2 20 241.9 675.8
MTC (CP/CMN) (2018) 4.7 22 144.1 669.9

Source: Results of the modeling
aIt was considered the following exchange rate: @ US$ 4.3/R$ (April 2020, Brazilian Central Bank)

production increase in Minas Gerais/MG (9 mil-
lion tonnes), São Paulo/SP (2 million tonnes), 
and Maranhão/MA (1 million tonne). 
Additionally, the model results suggest produc-
tion reductions in Mato Grosso/MT (−7 million 
tonnes) and Goiás (−6 million tonnes). With 
these results, we can conclude that model was 
able to assign smaller shares of the additional 
production to further regions and higher shares to 
regions closer to the export terminals, aiming to 
minimize the CO2 emissions with transportation.

As presented in Table 10.2, MTC (FP/FMN) 
scenario indicates a decrease of 0.9 million 
tonnes of CO2 emissions compared to scenario 
MTC (FP/CMN). This result indicates that the 
implementation of the planned railways could 
decrease approximately 13% of the current CO2 
emissions, from 20 kgCO2 by tonne of corn and 

soybean transported to 18 kgCO2 by tonne. Using 
the minimization of CO2 emission levels, the 
MCO2 (FP/FMN) scenario indicates a potential 
reduction of 18% on emissions, reaching 17 
kgCO2 by tonne.

The minimum total cost resultant from the 
spatial optimization of the future production and 
the interregional transportation flows is around 
US$ 663 per tonne in the MTC (FP/FMN) sce-
nario and increases to US$ 669 per tonne when 
the model minimizes the CO2 emissions, in the 
MCO2 (FP/FMN) scenario. However, the latest 
scenario promoted a reduction in CO2 emissions 
from 18 to 17 kgCO2/tonne. It is important to 
highlight that when compared to the current total 
cost, scenarios MTC (FP/FMN) and MCO2 (FP/
FMN) present lower average total costs (US$). 
This result indicates that, under the following 
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conditions, the planned railways could foster a 
cost reduction by 2050: (i) when agriculture pro-
duction and planning of transportation flow goals 
are related to a minimum CO2 emission and (ii) 
when agriculture expansion and planning of 
transportation flow planning reach the minimum 
total cost.

10.5  Main Conclusions

There is a lack of studies applying DEA to evalu-
ate FEW Nexus systems. As shown before, some 
authors applied DEA to evaluate the efficiency of 
OECD countries, Chinese cities, or regions, 
based on FEW Nexus variables, and one of them 
showed that adequate use of resources is related 
to the Land-FEW-Nexus efficiency rather than 
simply using the minimum Land-FEW-Nexus 
resources. And the CO2 emission is a common 
undesirable output in DEA applications in cli-
mate change studies that could be more explored 
in FEW Nexus in city studies. One of the advan-
tages of applying DEA to evaluate FEW Nexus is 
that it does not need to assume a complex func-
tional form to evaluate it, and it can be easily 
integrated to other methods, but one of the limita-
tions is the lack of information on the dynamics 
of the system and its networks.

In this chapter, we showed how to apply a 
dual-step model, based on DEA and NEM, to 
minimize total crop production costs and CO2 
emissions with transportation; at the same time, 
we promote sustainable production expansion in 
Brazil. The analysis using our model considers 
four scenarios that account for the possible 
expansion of the transportation system in the 
country. The results indicate that it is possible to 
reach minimal costs and emissions by 2050, con-
sidering several constraints, including the pro-
duction expansion only in pasture areas, with no 
need for additional deforestation. At last, our 
results proved to be the optimal configuration of 
the multimodal transportation network.

Our model could be used as an important tool, 
once is a powerful toll for policymakers planning 
the future agriculture production and the trans-
portation network simultaneously, considering 

the mutual relation between transportation and 
land use. The results provided important thoughts 
regarding the environmental and economic 
impacts of the planned railways. Additionally, 
our model provided results regarding the dimen-
sion of transportation infrastructure capacities, 
such as roads, railways, waterways, and ports, for 
the location of transshipment terminals.

The results of this type of analysis are useful 
for guiding and coordinating public policies and 
private initiatives, aiming to optimize the selec-
tion and prioritization of future investments in 
transport infrastructure and, at the same time, 
establish incentives (programs, actions, rules) to 
conduct agricultural production to more interest-
ing areas from an agronomic, economic, and 
environmental points of view.

The model can be replicated in other regions 
and countries, as well as considering other types 
of agricultural products.
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11Learning About the Nexus 
from Vulnerable Urban 
Communities

Leandro Luiz Giatti, Susanne Börner, 
and Carolina Monteiro de Carvalho

Abstract

Urban communities in socio-environmental 
vulnerable conditions constitute places of 
constant processes of creation and reproduc-
tion of social practices and knowledge, related 
to finding alternatives to mitigate the scarcity 
of essential resources for survival. The water- 
energy- food nexus thinking, in turn, consists 
of a fundamental perspective for reducing vul-
nerabilities, contributing to equating interde-
pendent scarcities, and expanding the supply 
of resources and social inclusion. In this con-
text, social practices and common sense 
knowledge in  local communities are self- 
organized and in constant dialogue with water, 
energy, and food scarcity. These practices can 
point to legitimate alternatives for synergies 

that mitigate nexus trade-offs or even contra-
dictions in the form of situations that corrobo-
rate unsustainability scenarios. This chapter 
explores community-based studies conducted 
in vulnerable urban peripheries of the Global 
South in the Sao Paulo Metropolitan Region, 
Brazil. We find that there are forms of isola-
tion of social practices synergistic to the 
nexus, which must be understood and incor-
porated in interaction with management pro-
moted by local governments. Such structural 
coupling can make public policies more asser-
tive, efficient, and legitimate from the point of 
view of local to global relations. Hence, we 
recognize the need for cognitive inclusion 
through participatory approaches within nexus 
thinking to achieve transformations to 
sustainability.

Keywords

Cognitive exclusion · Transformation to 
sustainability · Nexus thinking · Urban nexus 
· Urban vulnerable communities

11.1  Introduction

The search for sustainable development cannot 
be successful through mechanisms analogous to 
those that have put the world on an unsustainable 
path. For that matter, we highlight the necessary 
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criticism against the idea of massification of 
propositions for sustainable development. 
Solutions based on hegemonic thinking are often 
oppressive and impermeable to the conditioning 
elements of local contexts and, therefore, doomed 
to failure due to a lack of legitimacy (Santos, 
2007, 2009; Giatti, 2019). In this context, uncer-
tainties emerge as a threat of failure, and they are 
moreover related to different levels of complexity 
that play an essential role in restricting simplifi-
cation or reductionism in the search for alterna-
tives (Jasanoff, 2007; Scoones & Stirling, 2020).

As the world is composed of a myriad of 
socio-environmental contexts, there is no single 
recipe for sustainability. Thus, local conditions, 
social practices, and common sense must play a 
determinant role in the search for balancing inter-
twined challenges within the social, environmen-
tal, and economic dimensions (Leff, 2017).

Thinking along these lines, we assume that the 
water-energy-food nexus thinking provides an 
important learning exercise, especially in  local 
contexts such as vulnerable urban peripheries. 
The water-energy-food nexus (or simply, the 
nexus), as a perspective for searching synergies 
to reduce trade-offs, is not only a technical 
approach but also allows for a new rationality on 
complex trade-offs between scarcity of resources 
in contexts permeated by sociopolitical dimen-
sions (Artioli et  al., 2017; Cairns & 
Krzywoszynska, 2016). Thus, we understand that 
interdependencies associated with water-energy- 
food in urban environments may allow for essen-
tial insights based on community-based social 
practices, agency, and knowledge (Magnani, 
2002; Schatzki, 2015). Marginalized social 
groups, such as young residents of these periph-
eries, can also provide important insights into 
their everyday experiences and confrontation 
with problems associated with the nexus. 
Moreover, local concerns and practices can be 
considered essential in promoting legitimate 
transformation processes to sustainability 
(Scoones et al., 2018).

Conventionally, knowledge and practices of 
peripheral communities are segregated through a 
cognitive exclusion barrier, a situation that dis-
ables dialogue with hegemonic knowledge and 

the construction of legitimately inclusive public 
policies. Thus, a diversity of possibilities and its 
creative potential of solutions is rendered unvi-
able, reproducing the hegemonic knowledges and 
actions conducted vertically (Santos, 2007). In 
this respect, we emphasize the importance of 
developing collaborative studies and reflections 
capable of promoting interaction and transforma-
tive social learning (Souza et al., 2019). Thus, we 
emphasize that it is possible and necessary to dia-
logue and ecologize knowledge through studies 
that allow us to learn from these peripheral and 
vulnerable communities. We consider, therefore, 
that the diversity of ideas and practices produced 
marginally has a fundamental role to play in the 
search for nexuses aimed at sustainable 
development.

This chapter explores and recognizes the rele-
vance of knowledge and social practices for 
transformations to sustainability in urban com-
munities. It focuses on local capacities, agency, 
and perceptions as necessary inputs for mitigat-
ing nexus’ trade-offs with legitimacy and cogni-
tive inclusion. The lessons presented relate to two 
research projects conducted in vulnerable urban 
communities in the Sao Paulo Metropolitan 
Region. In the second section, we introduce the 
idea of the nexus as a dynamic inherent to the 
contexts of multiple and intertwined scarcities of 
urban peripheries. The studied cases are pre-
sented in Sects. 11.3 and 11.4 as citations of 
research conducted by our research group. The 
research experiences refer to participatory action 
research (PAR) approaches (Baum et  al., 2006; 
Thiollent, 2011), in which community-based 
research activities occurred through the produc-
tion of hybrid knowledge in the search for local 
problems and concerns. For that, researchers and 
local subjects collaborated through workshops, 
application of participatory tools (Giatti, 2019), 
and adaptations for online collaborative activi-
ties, like using WhatsApp, in the context of 
COVID-19 (Auerbach et  al., 2022)  – the pan-
demic context affected the case related in Sect. 
11.4. In Sect. 11.5, we discuss and conclude con-
sidering the related experiences as a perspective 
for learning and coupling through different 
knowledges, sectors, and social actors.
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11.2  The Urban Nexus from Urban 
Peripheries

The applicability of the nexus to urban contexts – 
the urban nexus – requires holistic analyses start-
ing from resource and energy demands for cities, 
considerations of local resource possibilities, 
cross-scale connections, interdependencies, and 
the need for optimization of local resource use 
(Amaral et  al., 2021; Lehmann, 2018; Perrone 
et al., 2011). Considering the urban nexus is fun-
damental to finding sustainable solutions to meet 
the growing global urbanization trends and its 
respective expansion of demands for ecosystem 
services. By their nature, urban areas centralize 
the demands arising from broad territories affect-
ing availability and interdependence relations 
between water, energy, food, and other resources. 
As a result, urban scenarios present significant 
challenges and also opportunities for integration 
between the different sectors as well as for the 
socio-material governance of the nexus 
(Covarrubias, 2019; Lazaro & Giatti, 2021).

The urban nexus seeks to respond to the urgent 
need for policies and actions that create alterna-
tives to the conventional siloed thinking, i.e., pat-
terns of self-centered structures in their own 
domains. Thus, integration among sectors is also 
necessary to transcend policy areas such as land 
use, social inclusion, waste management, and 
transport. It refers to achieving more efficient and 
effective use of resource cycles in urban and peri- 
urban areas or beyond. This integration should 
provide benefits across sectors, enabling tailored 
solutions to govern resource interdependencies 
through a comprehensive multi-scale spatial per-
spective (ICLEI, 2014).

Nexus thinking is an irrefutable contribution 
to the quest for sustainable urban development 
since the magnitude and trends of urban growth 
accelerate the planetary environmental crisis 
(Steffen et al., 2015). However, cities are deeply 
unequal, and these conditions are made more 
complex by the relationship between the need to 
reduce vulnerability and the demand for resources 
such as water, energy, and food. Worldwide, mil-
lions of people in urban poverty demand these 
resources to alleviate their vulnerability. 

However, as we know, increasing access to water, 
energy, and food requires the necessary under-
standing of the constraints imposed by the trade- 
offs inherent to the nexus. Nevertheless, these 
vulnerable urban populations are often under-
served and often rely only on their own creative, 
self-organizing, and local cooperative capacities 
to cope with the challenges of inequities, resource 
scarcity, and environmental injustices.

Therefore, resource scarcities within the nexus 
are closely connected to ongoing creative pro-
cesses in the daily life of people in vulnerable 
urban communities. Social practices created and 
reproduced in those communities can tell us a lot 
about the search for everyday needs for resources 
and ways of dealing with intertwined scarcities. 
For instance, in Kampala, Uganda, city dwellers 
face complicated and expensive access to energy 
for cooking associated with water scarcity and 
food availability. In this context of irregular set-
tlements, people’s food choices are conditioned 
by the need to save water and energy. Thus, peo-
ple buy charcoal when they have money or, alter-
natively, search, buy, or borrow charcoal, 
deadwood, or biomass briquettes. The search for 
alternatives also relates to food; instead of cook-
ing beans, they opt for bananas because of faster 
cooking and resource-saving. This nexus inter-
play in their practices makes it possible to under-
stand alternatives to trade-off mitigation, to avoid 
generating a harmful interference due to a lower 
nutritional quality. The complex relations medi-
ating the cooking activities in Kampala requires 
extensive effort and agency in finding nexus- 
related alternatives highlighting a form of pre-
carious consumption. Moreover, the exact 
relation of scarcities expands upscale, connecting 
the local constraints with regional nexus issues. 
For instance, the local insufficient water supply is 
under pressure from the ongoing wood overex-
ploitation required to meet urban energy demands 
(Mguni et al., 2020).

Basically, nexus thinking has emerged from 
the complex challenges of interdependencies 
between resources, and, therefore, it requires 
integration between sectors with their pre- 
existing governance structures (Benson et  al., 
2015). At its core, the urban nexus requires 
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integration between municipal sectoral strategies 
in the search for synergies and the reduction of 
trade-offs, which can be challenging in practice. 
The urban nexus should also use interactions 
between different organizational levels through 
arrangements that favor stakeholder engagement 
and a convergence of behaviors as well as social 
patterns in a context of urban complexity. In 
urban contexts, nexus thinking and respective 
innovation must occur through public participa-
tion (Wahl et al., 2021). However, there is a need 
to overcome a marked gap of cognitive exclusion, 
considering that other rationalities and values 
from diverse communities must be integrated. In 
this context, key issues are not only the promo-
tion of participation but also the promotion of 
legitimate participation in the co-production and 
application of hybrid and democratic knowledge 
(Santos, 2007).

11.3  Social Practices Related 
to Intertwined Scarcities

Once the focus is on nexus thinking in the context 
of resource-related social practices in vulnerable 
urban communities, adequate tools are needed to 
understand this relationship at the local level. 
Participatory Geographic Information Systems 
(PGIS) is one of these tools. According to Kahila- 
Tani et al. (2016), PGIS integrates collaborative 
mapping technologies and promotes social par-
ticipation in generating and managing spatial 
information collaboratively. Applying PGIS and 
participatory mapping in vulnerable communi-
ties can promote empowerment and raise envi-
ronmental awareness among local dwellers and 
contribute to the urban nexus thinking under-
standing since it is possible to map local flows 
and trade-offs at local, regional, and also global 
levels (Eftelioglu et al., 2016).

PGIS was applied in the community of Novo 
Recreio (Carvalho et al., 2021), inside Guarulhos 
municipality (Sao Paulo state, Brazil), a city with 
about 1.3 million inhabitants that suffers from 
several social and environmental challenges on a 
daily basis, especially peripheric and vulnerable 
areas. Novo Recreio has approximately 4500 

family and borders on Cantareira State Park, a 
protected rainforest area that is a relevant source 
of water resources for the Sao Paulo Metropolitan 
Region. However, due to the unplanned urbaniza-
tion, Novo Recreio has limited access to water, 
energy, and fresh food, such as fruits and vegeta-
bles, the mentioned nexus resources. Guarulhos 
also has a socio-environmental vulnerability 
index (SVI) of 0310, medium vulnerability, and 
Novo Recreio has an SVI index of 0374, indicat-
ing that it has a higher vulnerability in compari-
son to the whole municipality (Atlas Brasil, 
2018).

The research in Novo Recreio was developed 
jointly through the Resnexus Project,1 which 
aimed to assess the local urban nexus resources 
through interviews with local residents that had 
been pre-selected with the support of the local 
primary healthcare unit. The project’s first stage 
included local observation, informal conversa-
tions, and interviews with 14 residents, guided by 
questions related to people’s access to water, 
energy, and food, based on a methodology 
already reported by Giatti et al. (2019). The local 
interviews were carried out during February and 
March of 2017. Project members transcribed and 
analyzed the information.

The interviews provided a detailed picture of 
the food and eating habits of the interviewees, 
according to the local conditions, as it was pos-
sible to observe such as the following: Local mar-
kets or street markets had little variety of food, 
especially with regard to fruits and vegetables. 
Purchases were made with local producers or at 
street markets and at bigger markets in other 
neighborhoods or even the center of Guarulhos. 
Thus, residents depended on public transport or 
on owning a car. Public transport was scarce, and 
on rainy days public transport was suspended, 
according to reports from some of the inter-
viewed residents. The neighborhood itself had no 

1 International cooperation funded in Brazil by FAPESP, 
involving University of São Paulo (Brazil), University of 
Sussex (UK) and University of Wageningen 
(Netherlands)  – https://bv.fapesp.br/en/auxilios/92515/
resilience-and-vulnerability-at-the-urban-nexus-of-food-
water-energy-and-the-environment-resnexus/

L. L. Giatti et al.
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street market, only small local markets, mainly 
selling ultra-processed products.

People from Novo Recreio make constant 
choices related to food acquisition, given the 
scope of their local conditions. Thus, local social 
practices are mediated by the described material 
constraints (Schatzki, 2015). The results are 
complex forms of dialogue with the urban nexus 
and can negatively impact their health condition-
ing. The context of being in the urban periphery 
has led to a low possibility of acquiring healthier 
and fresher food, thereby worsening trade-offs 
within the nexus.

On the other hand, some good lessons can be 
learned from social practices that generate condi-
tions to preserve resources. For example, people 
from Novo Recreio develop ways to save water, 
recycle materials, and produce small amounts of 
food through urban gardening. These practices 
and knowledge make possible some synergies 
within the nexus, representing possibilities to 
reduce the trade-offs among water, energy, and 
food. However, these proceedings are not neces-
sarily recognized by local government policies, 
and it characterizes a kind of disruption among 
communitarian competencies and a higher orga-
nizational level of public management (Giatti 
et al., 2019).

In the second stage of research in Guarulhos, 
participatory mapping was applied in an exten-
sion course for the community, as part of the 
postdoctoral research project “PGIS for socio- 
environmental governance in Guarulhos, Brazil 
(FAPESP 2015/21311-0),” offered to adolescents 
aged 14–17 years, who had previously attended 
the local NGO “Clube de Mães” (“Mothers’ 
Club”), in the period between April and August 
2017. The main objective was to introduce par-
ticipants to the fundamentals of mapping and 
local urban planning, to promote awareness and 
socio-environmental reflections and also stimu-
late dialogue. In the progressive development of 
the course, there was a preparatory mapping 
phase, which provided basic information on map-
ping and also on the surroundings of the area, 
including a group exercise.

Participants identified rivers, the environmen-
tal protection area nearby, their homes, and their 

daily routine in the neighborhood. In this step, 
participants produced a so-called sketch map 
(Fig. 11.1) with an initial diagnosis of the main 
problems and their expectations for changes in 
the neighborhood over the next few years. The 
next phase provided more accurate geoinforma-
tion as well as the location of the socio- 
environmental problems mentioned by the 
participants in the sketch map phase. Through 
this mapping process, places with socio- 
environmental problems were mapped, such as 
those with potential for landslides/flooding and 
inadequate waste disposal, as well as areas where 
these problems overlapped, representing a risk to 
the health and safety of local dwellers. 
Furthermore, the discussion around marking the 
different points on the map was a rich process, 
which promoted empowerment and awareness 
among the participants. The post-mapping phase 
reflected the new discoveries and mapped points 
and their impacts on their lives. In addition, sug-
gestions for addressing these problems were dis-
cussed using other participatory methods, such 
as integrated panels and the development of 
community journals (Fig.  11.1), in which the 
nexus resource problems discussed were 
reported along with possible solutions. 
Community journals can play an important role 
in communicating results of the mapping pro-
cess to the wider neighborhood. The material 
produced during the participatory process was 
disseminated to the community and the wider 
society of Guarulhos through project workshops, 
stakeholder meetings, articles, and other publi-
cations, such as blogs and social media (Carvalho 
et al., 2021).

With the interviews and the mapping process, 
it was possible to recognize new and legitimate 
proposals for the Novo Recreio community 
related to the nexus thinking water-energy-food, 
such as the need for closer fresh food markets 
with a variety of fresh food, and solutions like 
new urban gardens implementation for food 
security and health improvement. Renewable 
energy sources, such as solar panels, were also 
discussed, along with other environmental educa-
tion measures (to avoid deforestation, to preserve 
local streams).
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Fig. 11.1 (a) Sketch map developed by participants, (b) community journals containing proposals and solutions for the 
mapped issues, and (c) local planning mapped with online platform Maptionnaire. (Carvalho & Giatti, 2021)

The mapped themes and proposals brought up 
in the activities with the youth were motivators of 
discussions and reflections on the interdepen-
dence of resources. It enabled ways to approach 
nexus thinking from the participants’ perspec-
tive, considering their daily activities and related 
concerns. As a result, the dialogue process helped 
develop alternatives and innovations for young 
people, allowing them to discuss and reflect on 
themes initially absent from their daily activities 
and concerns. However, the approaches through 
participative methodologies  – including GIS  – 
provided legitimacy to the discussions to the con-
cerns of youth.

Social participation is key to achieving effi-
cient and fair governance and sustainable urban 
development, integrating the complexities and 
nexus’ flows of metropolitan regions with citi-

zens’ demands. To this end, the study of the urban 
nexus and its particularities, associated with 
social protagonism, can promote robust support 
for integration, providing a more complete view 
of the access to and flows of basic resources.

11.4  Youth Agency and the Nexus

The debate on social practices and interdepen-
dent resource scarcities intersects with debates 
on agency and the nexus. The debate on agency 
acquires relevance especially in contexts of social 
exclusion and power imbalances as they are pres-
ent in Brazil’s urban peripheries. Moreover, by 
focusing on youth as the main protagonists in 
nexus dialogues, we seek to challenge “dominant 
forms of nexus thinking” (Kraft et  al., 2019) 
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which derive from adult voices that create top- 
down and technocratic understandings of the 
nexus and focus on the nexus essentially as part 
of high-level policy agendas (Kraftl et al., 2019; 
Walker, 2019).

These dominant and adult-centered approaches 
overlook the importance of a better understand-
ing and analysis of “young people’s everyday, 
embodied engagements with water, food and 
energy” (Kraftl et al., 2019) which call for “bot-
tom- up” approaches. Hence, Walker (2019), for 
instance, explores the “mundane and life- 
sustaining ways in which food, water and energy 
are used, imagined and contested in situated and 
embodied ways in children and young people’s 
lives” (Walker, 2019, 360). In this contribution, 
we seek to introduce youth agency as a hybrid 
concept that integrates young people’s experi-
ences with the nexus through an understanding of 
“everyday agency” rather than inscribing our-
selves in an approach that sees youth exclusively 
as agents of change and radical societal transfor-
mation. At the same time, we do not want to abol-
ish the juxtaposition of young people’s voice and 
agency (Kraftl, 2013), since there are numerous 
impressive examples of youth leadership in urban 
hubs and also in the urban peripheries that seek 
social inclusion, equality, and climate justice. 
Examples from Sao Paulo’s periphery include 
initiatives such as Perifa Sustentavel or Festival 
Favela em Casa that dialogue with the transfor-
mative potential of these peripheral spaces. Yet, 
not all young people actually “speak out” as 
voices of change but nonetheless have everyday 
knowledge of their own reality and of what mat-
ters to them, based on their everyday experiences. 
We feel that these “silent expressions” of 
 experiencing and engaging with the nexus on a 
daily basis matter in themselves, especially in 
contexts of vulnerability, resource scarcity, and 
social (and cognitive) exclusion. Hence, we seek 
to broaden the concept of youth agency to include 
understandings of agency in mundane, everyday 
spaces outside politicized arenas (Börner et  al., 
2020), thereby introducing a more pluralistic and 
multifaceted concept of youth agency.

Drawing from insights of ongoing research 
from the project: “Building resilience in the face 

of nexus threats: local knowledge and social 
practices of Brazilian youth” (NEXUS-DRR)2 
with young people aged 12–18  in Sao Paulo’s 
urban periphery in the municipality of Franco da 
Rocha, we inscribe youth agency not only in an 
understanding as contest and transformation as 
in most social youth movements pressuring for 
transformational change. Rather, we argue that 
youth agency can and must also be understood as 
living with and adapting to existing conditions of 
resource scarcity through local knowledge(s) and 
adaptive social practices as discussed above.

Conceived pre-COVID, the research was orig-
inally designed as participatory, face-to-face 
research, including participatory youth work-
shops (e.g., for the production of a community 
journal), youth-led thematic community walks, 
photo-voice, participatory mapping, and focus 
groups. Participants had been recruited through 
youth groups in two social assistance reference 
centers in Franco da Rocha in the Sao Paulo 
urban periphery and introductory youth work-
shops took place in February 2020. The research 
had been conceived in the format of a university 
extension course offered through the School of 
Public Health at the University of Sao Paulo to 
benefit approximately 40 young people. With the 
onset of COVID-19 and the subsequent displace-
ment of the researcher from the field, the project 
was temporarily suspended before shifting the 
research activities to an online format using 
mainly WhatsApp groups (see case study Börner, 
in Auerbach et al., 2022). The online university 
extension course was delivered between January 
and June 2021, including weekly (a)synchronous 
activities such as discussion groups, photo-voice 
activities, participatory video, as well as practical 
activities with a focus on access to and use of 
food, water, and energy as well as disaster risk 
and climate change (case study Börner in 
Auerbach et al., 2022). Approximately 30 young 
people participated regularly in the online activi-
ties, of which 15 successfully completed the 
extension course.

2 Research funded by the European Union’s Horizon 2020 
Research & Innovation Programme under the Marie 
Sklodowska-Curie Grant Agreement No. 833401
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The research uses a participatory action 
research methodology to elicit youth protago-
nism in critically reflecting on resource inter-
dependencies and scarcities in contexts of 
disaster risk, a process during which young 
people become empowered as co-creators of 
knowledge to understand and transform their 
environment through a reflection-action 
approach (Freire, 1972). Some of the partici-
pants indicated issues related to flooding and 
access to clean drinking water or to healthy 
food, while others named air pollution or lack 
of access to leisure areas as key concerns 
(Kraftl et  al., 2021). Solution-oriented reflec-
tions on living with and adapting to scarcity 
included discussions on access to fruits and 
vegetables, e.g., by planting fruit trees 
(Fig. 11.2) and vegetable patches in the back-
yards of houses. Young people also engaged in 
discussions on ways of integrating water and 
energy-saving practices into everyday lives or 
adapting to extreme weather conditions, for 
instance, by unplugging electric appliances 
before a storm.

Lessons learned from young people’s engage-
ment with the nexus in a context of disaster risk 
in the municipality of Franco da Rocha in the 

Sao Paulo Greater Metropolitan Area further-
more showed the importance of exploring young 
people’s emotions regarding their vulnerabili-
ties but also their potentials (Börner et al., 2020; 
Kraftl et al., 2021). Although not always visible, 
young people engage in various “ways of dia-
loguing with and adapting to resource scarcity 
through everyday adaptive actions” (Kraftl 
et al., 2021).

As young people  – especially in vulnerable 
conditions – are not always aware of the value of 
their everyday experiences and narratives as a 
transformational force, the project NEXUS-DRR 
seeks to stimulate critical awareness of everyday 
realities through a process of social learning 
based on reflection and action, based on the par-
ticipatory philosophy of Paulo Freire. Based on 
this understanding, everyday youth agency 
becomes more than “living with” the everyday 
environment. Rather, we understand youth 
agency as a dynamic concept where the process 
of knowledge creation and reproduction goes 
hand in hand with a critical awareness of social 
adaptation practices to mitigate the scarcity of 
essential resources and to live “well” – or as well 
as possible – with resource scarcity (Börner et al., 
2020; Kraftl et  al., 2021). One example is the 

Fig. 11.2 Photograph of her backyard with fruit trees taken by female participant aged 16
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way in which youth in Franco da Rocha dialogue 
with their vulnerability related to mobility in 
urban spaces. Youth in the project mentioned 
their needs for better connectivity and a reduced 
dependency on and better quality of public trans-
port. Moreover, they argued for the importance of 
receiving better value for money, for instance, 
based on an integrated transport scheme for pub-
lic transport to reduce costs. Furthermore, they 
advocated for alternative modes of transport, 
encouraging cycling including a proposal for new 
cycling lanes. They were also aware of the 
impacts of the intersection of transport with envi-
ronmental hazards such as flooding as this exac-
erbated the precarity of access to safe and reliable 
transport.

The transformational force of young people’s 
micro-realities with the nexus comes from their 
critical awareness of the complex challenges 
posed by resource scarcity and interdependency 
as well as the solutions that they propose for 
more sustainable futures. As youth narratives of 
their everyday agency and the nexus unfold, we 
need to be careful to give space to a diversity of 
individual youth identities which create a mosaic 
of experiences with different micro-realities 
(Kraftl et  al., 2021). Young peoples’ stories 
“reflect manifold realities which cannot be 
reduced to a single ‘one size fits all’ portrait of 
their situation” (ibid).

Finally, we should also be careful with the 
expectations that we put on youth as drivers of 
change. Although youth can play an important 
role both as everyday and transformational 
agents, there is a need for a set of actions and 
actors to enable comprehensive and systemic 
transformational change. This requires inte-
grating youth knowledge into public policies 
for sustainable urban planning to create more 
youth-friendly and resilient urban spaces. To 
achieve this, navigating youth everyday inter-
action with their local environments and 
resource scarcities from a nexus perspective 
may help acquire a better understanding of 
how young people understand, negotiate, and 
overcome multi- scalar sociopolitical, eco-
nomic, and ecological processes (Walker, 
2019).

11.5  Learning and Coupling 
with Local Contexts 
and Knowledges

The situations explored in the two urban commu-
nities show that, despite conditions of marginal-
ity and vulnerability, there are possibilities for 
association and convergence between social 
practices, perceptions, and local actions regard-
ing the scarcity associated with the water-energy- 
food nexus. The local self-organizing capacities 
can generate synergies that improve access to 
resources while alleviating the trade-offs among 
the different nexus dimensions. They may, how-
ever, generate contradictions where local social 
practices exacerbate trade-offs within the nexus. 
Furthermore, a tendency of disconnection can be 
observed between aspects of daily life in urban 
communities and the ways in which communities 
name, plan, and act on attributes of intercon-
nected scarcities within the global crisis of unsus-
tainability. Such disconnections can be described 
as a nexus of exclusion, represented by “an abys-
mal frontier that disconnects peripheral residents 
from sustainable and healthy choices and interac-
tion with other organizational levels” (Giatti 
et  al., 2019, 8). Thus, people from poor urban 
communities are not only excluded based on con-
ditions of vulnerabilities and lack of opportuni-
ties; they are also excluded by the lack of 
appropriate translations of different knowledge 
and lack of cognitive inclusion (Santos, 2007).

The ethnographic investigation in Guarulhos 
confirms that some social practices can represent 
synergies within the nexus. Moreover, the partici-
patory mapping shows that besides perceiving 
their marginalization, young people engaged in a 
process of self-reflection that enabled them to 
integrate their daily lives’ experiences into urban 
planning approaches for sustainability and health. 
As the same, the research in Franco da Rocha 
depicts how young people in urban peripheries 
can adapt within conditions of resource scarcity. 
They created alternatives like planting fruit trees, 
and youth narratives around the nexus unfolded 
in ways that acquired new meanings and opened 
up alternatives for youth everyday agency. 
Finally, youth narratives opened new pathways 
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for cognitive inclusion of young people in gener-
ating alternatives.

Based on these reflections and experiences, 
we suggest an integrated model for overcoming 
the marginalization of social practices and cogni-
tive exclusion (Fig. 11.3). The model must target 
misconnections among the opportunities of local 
communities and upper organizational levels 
where the debate about sustainability and envi-
ronmental crises regularly occurs. Figure  11.3 
represents how the reproduction of contradic-
tions towards the nexus and the related lack of 
interaction with public policies feeds back on the 
social and cognitive exclusion scenario, main-
taining inertia and the lack of alternatives for 
mitigating vulnerabilities, unsustainability, and 
trade-offs within the nexus. Such contradictions 
are also reflected in unsatisfactory dialogues 
among local social actors and decision-makers 
from local governments.

In the suggested model, the scenario of social 
and cognitive exclusion is represented as being 
impervious to changes and interactions with 
higher organization levels and public policies. On 

the other hand, it is a dialogical model to face a 
void of interactions and the absence of transla-
tions. Implementation and operation of this pro-
posal remit to the promotion of collective 
conversations through the application of partici-
patory research tools, like in workshops involv-
ing laypeople, practitioners from public 
administration, policy-makers, academics, and 
other possible partners like nongovernmental 
organizations and the private sector. All the social 
actors must reflect from the local contexts, ana-
lyzing constraints and potentialities, identifying 
possible cooperation among different sectors and 
actors, and envisaging practical and collaborative 
interventions and attainable outcomes (Oetzel 
et al., 2018; Wallerstein et al., 2017). The green 
arrows in Fig. 11.3 represent ruptures of isolation 
and alternatives to be built considering social 
practices and the possibility of collaborative 
alternatives with the local studied social 
practices.

We recognize the importance of understand-
ing local constraints, social practices, and local 
knowledge as central in developing new struc-

Fig. 11.3 Local social practices and perspectives for transformation to sustainability and urban nexus. (Source: 
Produced by the authors)
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tures for integrated responses to nexus chal-
lenges. Necessary changes are more likely to 
arise from horizontal collaborations in a bottom-
 up manner, thereby shaping reflexive processes 
that connect global-local dimensions within pub-
lic policies at the local community level (Bott 
et al., 2019; Harwood, 2018; Stirling, 2015). This 
means, for example, that social practices syner-
gistic to the nexus of people in Guarulhos, such 
as ways to save water and urban gardening, must 
encounter and make sense in new arrangements 
through the actions of public policies. At the 
same, the empowering property of participatory 
activities must create space for youth engage-
ment and agency.

Therefore, the aimed transformations are con-
ditioned by the accomplishment of structural 
coupling, which relates to breaking the isolation 
of the communities to facilitate a higher level of 
self-organization through dialogue and social 
learning (Maturana & Varela, 1992; Souza et al., 
2019). In practical terms, it means pushing the 
natural ability of such systems to interact, learn, 
cooperate, and, thus, transform themselves 
acquiring new possibilities and adaptations 
(Preiser et al., 2018). The rupture with the con-
ventional isolation and cognitive exclusion also 
relates to allowing autonomy through self- 
organization, all of this as an emancipatory pro-
cess (Giatti, 2019). In this regard, a policy 
decision of providing a street fair based on the 
suggestion of the young people from Guarulhos 
could be more effective in determining what and 
how the best foodstuffs could be sold. Moreover, 
by taking the subjects’ concerns into account, 
local needs can be respected. This may include 
choosing appropriate weekdays or specific places 
for a street fair or taking account of monetary 
constraints for local people to acquire fresh and 
healthier food.

The cross-fertilization provided by more sym-
metric interactions involving diverse knowledge 
can be favorable to sustainability and the man-
agement of scarce resources (Wutich et al., 2018). 
Consequently, cognitive justice, hybridization, 
and horizontal collaboration are useful for deliv-
ering innovation aimed at urban transitions to 
sustainability and resilience (Ernstson et  al., 

2010). Also, the legitimacy of dialogical and par-
ticipatory approaches contributes to equalizing 
power relations in the process of making hybrid 
knowledge into action for effective change 
(Wallerstein & Duran, 2010).

Considering the fundamental cross-sectoral 
and multilevel approach, the urban nexus requires 
substantial empirical grounding. In this sense, 
communities as particular spaces of practices 
represent interesting choices for study and for the 
creation of bottom-up initiatives. For instance, 
when women from vulnerable urban communi-
ties learn about nutritious food and cooking, they 
can focus on well-being possibilities, which may 
lead to dynamics beyond the original limited 
focus on the nexus between climate, water, food, 
and energy. However, as the local level alone can-
not account for all trade-offs, the nexus thinking 
must provide upper-scale interactions and cross- 
border synergies (Boas et  al., 2016). In this 
respect, we reinforce the importance of the urban 
nexus towards reflexive interactions with local 
social practices. It can represent the nurturing 
diversity of socio-technical practices for transfor-
mative engagement (Arora, 2019).

Concerning the nexus, we conclude that there 
are many things to learn from urban communi-
ties, and it relates to local social practices, knowl-
edges, and agency. By recognizing these learnings 
and with the promotion of cognitive justice, we 
can make possible new, legitimate, and collabor-
ative nexus-related alternatives that stimulate 
transformations towards sustainability in urban 
contexts. In the expectation of broad changes 
comprehending global-local intrinsic relation-
ships within the nexus, transformation must be 
preceded by a shift to overcome the absence of 
dialogue between social actors through different 
levels and sectors. Community members must 
learn from public policies as well practitioners, 
and policy-makers must learn better about com-
munities, their creative capacities, and agency. 
Approaching the nexus from the community 
level can promote a nexus of broad inclusion, 
which can then contribute to optimally mitigating 
the interdependent scarcities of water, energy, 
and food, from a perspective of social and cog-
nitive justice. This rationality is based on the 
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consideration that interdependency and unsus-
tainability are not only limited to resources. It is 
also subordinated by social concerns, local 
capacities, and necessary reflexivity. Finally, the 
challenge of sustainability for urban communi-
ties is also a challenge for democracy and social 
inclusion from a cognitive perspective.
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Abstract

Organic waste management is considered an 
effective alternative for treating solid urban 
waste. Implementing organic waste manage-
ment may greatly contribute to global envi-
ronmental governance, focused on meeting 
the 17 Sustainable Development Goals 
(SDGs) of the 2030 United Nations Agenda, 
especially when added to urban agriculture 
programs. However, these projects require a 
good governance system in order to succeed. 
This study aims to define the key factors in 
urban garden governance for implementing 
an effective organic waste management. To 
identify these key factors, the involved actors 
and their responsibilities, besides establishing 
the possible networks and their respective 
benefits and conflicts, we studied the case of 
the Hortas Urbanas Salvador Project  – an 
urban community garden in one of the main 
neighborhoods in the city of Salvador, Bahia, 
Brazil. This case study was conducted based 
on a bibliographic research, a field analysis, 
and interviews with the actors responsible for 
the project. Civil society participation and the 

support of the municipal sphere were essen-
tial for the project performance. As a result, 
we proposed a governance model aiming to 
enhance urban garden contribution and 
decentralize organic waste management, thus 
promoting sustainable development.

Keywords

Urban green commons · Municipal solid 
waste · Environmental governance · Urban 
resilience

12.1  Introduction

Brazil is the fifth most populous country in the 
world, and 91% of its population is expected to 
live in urban areas by 2030 (UN-Habitat, 2014). 
This population growth and the disordered 
occupation of the urban space will lead to the 
reduction of available nonrenewable resources, 
the loss of biodiversity, and climate change. 
Moreover, the issue of food losses and waste has 
recently raised serious concern, spurring world-
wide mobilization (Santos et  al., 2020). These 
data point to the urgent need to rethink the sus-
tainability of cities considering the inevitable 
growth of urban populations and their demands 
(Food and Agriculture Organization  – FAO, 
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2012), whereby the efficient management of 
urban solid waste (MSW) plays a fundamental 
role

According to the Intergovernmental Panel on 
Climate Change (IPCC), the waste sector is 
among the most polluting and the largest emit-
ters of greenhouse gases (GHG). As a result of 
the decomposition of organic materials such as 
food and pruning wastes, inadequate waste dis-
posal contributes to GHG emissions, shortening 
landfill’s lifespan, incurring social and economic 
losses, contaminating groundwater, endangering 
population health, and spreading diseases (Van 
Elk, 2007; Gouveia, 2012). In that sense, several 
projects around the world are developing 
approaches to adequately manage municipal 
solid waste (MSW) (Alves, 2017).

In Brazil, organic waste represents about 45% 
of all MSW generated annually (Brazilian 
Association of Public Cleaning Companies and 
Special Waste – ABRELPE, 2018). The country 
is also among the ten countries with the highest 
food wastage in the world, with approximately 
35% of its production being wasted every year 
(FAO, 2015).

Zago and Barros (2019) state that reducing 
food waste is one of the most sustainable ways to 
reduce natural resource depletion, besides being 
one of the United Nations (UN) Sustainable 
Development Goals (SDGs). The agenda also 
includes the goals of eradicating poverty (SDG1) 
and hunger (SDG2). According to the Food and 
Agriculture Organization (FAO, 2014), the nexus 
approach considers the interdependence and 
equality among three dimensions  – water, 
energy, and food, − whose challenges are also 
addressed in the SDGs, especially in SDG2, 
which seeks to end hunger, achieve food security 
and improve nutrition, and promote sustainable 
agriculture (Un-habitat, 2020). In turn, SDG11 
includes themes intrinsically related to urbaniza-
tion, such as mobility, solid waste management, 
and sanitation, seeking to achieve sustainable 
communities and cities, as well as the planning 
and resilience of human settlements, while con-
sidering the different needs of the rural, peri-
urban, and urban areas (UN, 2018). The so-called 

nexus concept (water, energy, food) has been 
gaining strength in scientific research aiming to 
achieve the SDGs, as it seeks to integrate the 
three resources, creating synergies and avoiding 
trade-offs (Märker et al., 2018).

In Brazil, the management of MSW is regu-
lated by Federal Law No. 12,305 (2010), which 
determines the Brazilian National Policy on 
Solid Waste (PNRS), and by Decree No. 
7404/2010. According to the PNRS, only tailings 
should be directed to landfills, whereas the waste 
organic fraction must receive proper disposal, 
being applied to a more noble purpose, such as 
composting. One of the main instruments 
employed by the PNRS is the National Plan for 
Solid Waste, which recommends the use of com-
posting units already installed and the imple-
mentation of new ones (primarily accompanied 
by selective collection of organic waste). The 
plan also includes decentralized and local strate-
gies that stimulate home composting and its 
modalities (earthworms and compost heaps), 
besides encouraging large- quantity generators of 
waste to allocate specific areas within their 
establishments for the practice of composting. 
Another measure proposed in the National Plan 
is the implementation of school gardens and the 
use of compost in urban agriculture (Law No. 
12,305, 2010). Despite the existence of PNRS, 
53% of the Brazilian cities still do not comply 
with the legal determination, and the composting 
index for organic waste in the country is low 
(Instituto de Pesquisa Econômica Aplicada  – 
IPEA, 2020).

In this context of noncompliance with PNRS 
legislation and the incipient use of organic 
waste, few studies approach the management of 
MSW as part of the food-water-energy nexus 
(Garcia & You, 2017). However, in a study con-
ducted by Borghi, Moreschi, and Gallo on the 
importance of composting for the circular econ-
omy, the authors establish a strong connection 
between the nexus at stake and systems associ-
ated with MSW, addressing on themes strictly 
related to the growing scarcity of natural 
resources and climate change (Bhaduri et  al., 
2015). Thus, the proper management of MSW, 
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especially the organic ones, has the potential for 
promoting synergies between systems associ-
ated with food, water, and energy.

Just as Brazil, underdeveloped countries have 
encountered difficulties in transposing national 
strategies to local contexts, so that several com-
posting projects have failed in their development 
and implementation (Grimble, 1998). To tackle 
such difficulties, Borghi, Moreschi, and Gallo 
point to the need for considering the perceptions, 
interests, responsibilities, and functions of all 
involved actors while establishing an integrated 
governance system.

Zurbrügg and Rothenberger (2013) present 
decentralized composting as a low-cost method 
capable of generating a high-quality organic 
compost. In developing countries, several small- 
scale pilot projects have demonstrated the bene-
fits of this method. When associated with urban 
agriculture programs, this type of composting 
can be easily operated by the community itself, 
creating employment opportunities and income 
and strengthening urban resilience. In this con-
text, urban green commons emerge as an alterna-
tive to institute an efficient organic waste 
management system (Swagemakers et al., 2018) 
and encourage community organization in favor 
of a collective activity, increasing environmental 
awareness, creating local jobs, and promoting 
biodiversity (Siqueira & Assad, 2015). According 
to Dennis and James (2016), implementing 
urban green commons and fostering population 
engagement help strengthen local resilience.

Before the need to implement sustainable 
practices (FAO, 2012), especially those 
regarding urban planning aimed at environ-
mental conservation and quality of life, one 
must understand the aspects of environmental 
governance (Lemos & Agrawal, 2006). 
Environmental governance refers to interven-
tions related to the environment, knowledge, 
institutions, decision-making, and behavior. 
At a global level, this concept focuses on 
meeting the SDGs and the 169 targets that 
make up the 2030 Agenda of the United 
Nations (UN, 2018; Seixas et al., 2020).

The literature on the subject postulates that 
several stakeholders must participate, get 
involved, and negotiate in order to achieve better 
governance. Multi-actor partnerships are collab-
orative processes established among different 
stakeholders to achieve a common goal, cooper-
ate to resolve problems and disagreements 
related to them, and develop joint actions in rela-
tion to perceived problems (Warner, 2007). At a 
local level, the municipalities  – including gov-
ernments and citizens – are responsible for plan-
ning and executing measures that help achieve 
national objectives (Grimberg & Blauth, 2005). 
Studies on municipal solid waste management 
report that the main difficulty in implementing a 
sustainable model is its practical application (Le 
et al., 2018).

The Municipality of Salvador, located in the 
State of Bahia, Brazil, has been developing and 
implementing plans, policies, and actions 
focused on climate change and sustainable 
development (Salvador City Hall – PMS, 2020a). 
Among the various measures aimed at confront-
ing climate change, the municipality has 
increased the registration and implantation of 
urban green commons (PMS, 2020a, b), excel-
ling as a means of achieving benefits at both 
environmental and social levels.

Although the municipality currently includes 
54 urban gardens (PMS, 2020a), only one plans 
to implement an organic waste composting sys-
tem. In this context, this chapter presents a case 
study on the implementation of the first com-
posting yard in Salvador, conducted by the 
Urban Green Salvador Project – here referred to 
as UG. By identifying the key factors, the main 
authors involved in the process, as well as their 
respective responsibilities, our main objective is 
to propose a governance model for urban green 
commons capable of motivating the success of 
the project and strengthening urban resilience. 
With this study, we hope to assist in the effective 
implementation of other composting yards in 
Salvador and other Brazilian cities and, to a 
greater extent, in other countries with similar 
social and environmental contexts.
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12.2  Theoretical Framework

12.2.1  Environmental Governance

The concept of governance consists of a set of 
rules, norms, and attitudes that maintain and con-
trol the activities of a given system. When applied 
to the environmental scope, it refers to the man-
agement of natural resources aimed at sustainable 
development (Santos & Bacci, 2017). Governance 
implies the analysis of all actors involved in the 
process of planning and implementing a system, 
understanding their values   and interests. This con-
cept is structured by formal (defined and explicit 
public policies, rules, and managers) and informal 
bias (agreements, social movements, and sponta-
neous leaders), which must all be considered for a 
broad and assertive understanding of manage-
ment. In turn, environmental governance is con-
cerned with developing programs and projects 
focused on the environment (Seixas et al., 2020).

The concept of environmental governance 
varies according to the context in which it is ana-
lyzed, gaining new nuances with the purpose of 
each institution or project (Grimberg & Blauth, 
2005). When put into practice, environmental 
governance allows the creation of development 
models that incorporate the local social and envi-
ronmental needs to strengthen urban resilience 
(Santos & Bacci, 2017).

Environmental governance has been used to 
achieve the 17 SDGs proposed by the UN, but 
the success of the 2030 Agenda depends on the 
local efforts of each participating country (UN, 
2018). Although international agreements moti-
vate countries to adopt sustainable development, 
they are not enough to induce the implementa-
tion of the necessary and urgent changes, for 
transformations must occur within each territory 
with the participation of the political sphere and 
civil society upon local governance arrange-
ments (Seixas et al., 2020). The 2030 Agenda of 
the United Nations is a large-scale program, thus 
requiring management, monitoring, support, and 
communication of all countries involved (UN, 
2018), as well as a clearly defined and explicit 
governance and effective and assertive manage-
ment (Le et al., 2018).

At the local level, authorities must not only 
implement new environmental projects but also 
develop those already in effect, whereby gover-
nance initiatives  – associated with the water- 
food- energy nexus – play a key role for them to 
achieve success (Weitz et al., 2017). In a study 
conducted by Le et al. (2018), the authors report 
that several composting programs were discon-
tinued in underdeveloped countries due to man-
agement mistakes. They also state that 
governance practices applied to the environmen-
tal sector require a holistic approach that consid-
ers all stakeholders, that is, such projects 
(especially those related to MSW composting) 
depend on actors’ integration and a clear divi-
sion of roles and responsibilities. According to 
the authors, municipal support proved to be 
essential for project development in developing 
countries.

In our study, we will analyze the concept of 
governance focusing on an urban green common 
in Salvador that plans to implement the city’s 
first composting yard. To recommend possible 
adjustments and progress in the implementation 
of the composting yard, we will identify the 
actors involved and their respective responsibili-
ties, as well as the challenges encountered in the 
project. These analyses are encompassed by the 
concept of multi-stakeholder platform, in which 
different actors interact and seek solutions to 
situations or shared resources, mainly consid-
ered in natural resource management contexts 
such as urban gardens (Thiele et al., 2011).

12.2.2  Urban Green Commons

Urban green commons are characterized as 
“areas that allow residents and citizens to 
actively rework urban nature in ways that sup-
port ecological processes, while allowing for a 
collective caring of pieces of land in the city” 
(Colding et al., 2013, p.1). The appropriation of 
urban spaces and the establishment of urban gar-
dens by the local community tend to alleviate 
stresses caused by urbanization, besides provid-
ing a series of benefits such as personal well-
being, improvement in food resources, 

C. A. Carvalho et al.



221

community empowerment and autonomy, citi-
zenship practice, green spaces preservation, and 
strengthening of local food security (Dennis & 
James, 2016).

According to the Brazilian Agricultural 
Research Corporation [EMBRAPA] (2015), 
lands underutilized for the irregular disposal of 
waste may also serve for the implementation of 
composting systems, favoring local sustainabil-
ity and organic waste management, complying 
with article 36, paragraph V of the PNRS.

Urban green commons are also related to 
food and nutrition security (FNS), whose goal 
constitutes a global challenge and motivated the 
2030 Agenda. Thus, programs encouraging the 
creation of urban green commons at the munici-
pal level can be seen as an alternative for meet-
ing the 2030 Agenda (Navarro et al., 2019).

Being spaces for small-scale agricultural cul-
tivation, urban green commons are mostly main-
tained by the voluntary work of local residents 
(Colding & Barthel, 2012; FAO, 2012). However, 
the governance models applied to the manage-
ment of this initiative are diverse (Fox-kämper 
et al., 2018). Urban greens can be private (when 
the activities relative to them are assigned or 
executed by the owner) and maintained either 
under a top-down or bottom-up model. Whereas 
the orders and rules in the top-down model are 
determined by a structured hierarchy, from 
municipal authorities to the community, in the 
bottom-up model, activities are managed by 
active members of the community. In each of 
these models, the hierarchy is either fixed or 
flexible, varying as to the autonomous participa-
tion of members and support levels of municipal 
or external professionals.

As observed by Fox-kämper et  al. (2018), 
urban green commons are mostly regulated by 
bottom-up governance models with political or 
administrative assistance. In this model, gardens 
are implemented as a government initiative, but 
maintained by the community, without further 
financial aid from government authorities. They 
can also be initiated by the community with gov-
ernment support, which includes not only finan-
cial, legal, or professional matters but also 
resources such as water. When the actors 

involved in the project sought for a common 
goal, the application of this model succeeded. 
Depending on the development stage and actors 
involved in each process, combining different 
models in project management is a common 
doing (Fox- kämper et al., 2018).

However, the reduction and lack of access to 
green and public areas, intensified by the privati-
zation in urban development, impact the quality 
of life and weaken urban resilience (Colding & 
Barthel, 2012; FAO, 2012). Thus, projects such 
as urban gardens require government support 
and policies aimed at their development.

12.2.3  Organic Waste Management 
in Urban Gardens

Composting is a controlled biological process 
that consists of converting organic substances 
(plant and animal by-products) into a stable, 
sanitary product, similar to solid humus. Being 
the largest source of carbon and energy for 
microorganisms, the organic compost incorpo-
rated into the soil constitutes an indispensable 
substrate for the development of biological life 
(Robert, 1996).

Composting has been practiced in rural areas 
for centuries as a means of improving soil fertil-
ity. However, urban waste composting has 
another motivation: reducing and recycling 
waste (Ali, 2004).

The highest percentage of waste produced in 
Brazilian cities (51.4%) refers to organic waste 
(Instituto Brasileiro de Geografia e Estatistica – 
IBGE, 2010). When disposed in landfills or 
dumps, these residues cause high environmental 
impacts, shorten landfill’s lifespan, and generate 
expenses that could have been avoided. A viable 
and sustainable alternative for recycling such a 
large volume of organic waste is to process it 
through composting and use it as fertilizer in 
urban and rural agriculture. Yet, only 1.6% of the 
organic waste produced in Brazil receives this 
kind of treatment (IPEA, 2012).

In Brazil, Federal Law No. 12,305 (2010) rec-
ommends composting as destination and treat-
ment for organic waste. For being a low-cost 

12 Urban Gardens and Composting: Effective Government for Strengthening Urban Resilience…



222

technique that produces agricultural inputs, cre-
ates employment opportunities and income, and 
encourages urban agriculture, composting can 
be used as an instrument to strengthen urban 
resilience (Más-Rosa & Carvalho, 2021).

According to Ali (2004), despite presenting a 
history of bankruptcy in Brazil and in several 
low-income countries, large composting plants 
have been showing good results in developed 
countries (Fehr, 2006). This data points to the 
need for identifying and characterizing different 
types of MSW composting experiences to 
encourage new technological processes and the 
diversification of waste management systems in 
the municipalities.

Several countries around the world have 
adopted the decentralization of composting (Ali, 
2004). In Brazil, community-based and decen-
tralized composting systems have reached suc-
cessful outcomes in different regions of the 
country (Fehr, 2009; Inácio & Miller, 2009; 
Moura, 2012; Abreu, 2013). Decentralized activ-
ities are efficient when it comes to diverting 
waste from the final disposal and mobilizing and 
sensitizing people (Siqueria & Assad, 2015), 
besides guaranteeing autonomy at the commu-
nity level. Moreover, the use of compost in agri-
culture and the consequent generation of income 
are beneficial to the success of urban greens, 
strengthening urban resilience (Swagemakers 
et al., 2018).

Implementing urban green commons and 
MSW management systems within these spaces 
is also crucial for supporting the municipal pub-
lic power (Fox-kämper et al., 2018; Grimberg & 
Blauth, 2005). Mainly, due to the nature of solid 
waste management as a public service, institu-
tions and legislation must support initiatives as a 
conditional factor for their development.

12.3  Methodology

This study aims to propose a governance model 
for community urban gardens with decentralized 
MSW management through composting. The 
case study reported here focused on the urban 
green common and the implementation of the 

composting yard. For that, we identified the 
main actors involved in the process and their 
respective responsibilities, that is, the key factors 
for the implementation and success of projects 
of this nature.

The key factors in decentralized MSW man-
agement projects through composting applied in 
urban agriculture were determined using the 
Stakeholder Analysis (SA), which consists in 
identifying the involved actors, categorizing 
them according to their function and networks, 
and investigating their relationships (Grimble, 
1998). Considering that the analyzed compost-
ing yard is still at the planning stage, we adapted 
the method to this reality.

We chose this method for providing a broad 
view of groups involved in initiatives that include 
the use and conservation of natural resources. 
When considering the system as a whole, one 
can understand its main structures and actors, as 
well as their respective interests. All parties 
involved are contemplated in the analysis, even 
the most vulnerable or those with less power 
(Grimble, 1998). The method comprises projects 
that consider the following points: (i) multiple 
economic, social, and environmental objectives 
among the actors; (ii) property rights, referring 
to the use of the area for implementing urban 
gardens; (iii) generation of nonmarketable prod-
ucts/services, as a result of the waste manage-
ment process; and (iv) least favored actors, 
generally the poorest, who have their political 
and economic needs undervalued in other meth-
odologies. Considering the context of the Urban 
Green Salvador Project (UG), points (i), (ii), and 
(iii) are pertinent, indicating the usefulness of 
the methodology for creating a multi-stakeholder 
platform to guide the project governance prac-
tices (Thiele et al., 2011). The SA was applied 
into five phases adapted to the reality at stake, as 
described below.

12.3.1  Clarify the Objectives 
of the Analysis

By consulting the records on urban gardens 
made available by the State of Salvador, we veri-
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fied the existence of 50 urban gardens and 4 
community orchards registered by the Municipal 
Secretariat of Sustainability, Innovation and 
Resilience [SECIS] (PMS, 2020a). Among 
these, only one garden plans to implement a 
structured management project aimed at munici-
pal solid waste (MSW) within its space: the 
urban green common entitled Projeto Hortas 
Urbanas Salvador. After acknowledging the 
project for developing the first composting yard 
in the city, this study was oriented toward under-
standing the essential factors for implementing 
this initiative. Thus, our study was focused on 
analyzing the actors (current and potential) 
involved in the UG project, as well as the neces-
sary relationships for its achievement. As the 
composting yard in question is still at the plan-
ning phase, we considered both the context of 
the project and information presented in the 
literature.

12.3.2  Create a System That 
Encompasses All Objectives

Besides considering our research objective, the 
system also included the objective of implement-
ing the project. In that sense, it focused on ana-
lyzing the existing relationships to contextualize 
the current reality – which comprises an urban 
garden in operation – and creating an interaction 
model between the involved actors and their 
responsibilities, thus enabling the development 
and success of the composting yard as an effi-
cient and decentralized system of MSW 
management.

12.3.3  Identify Decision-Makers 
and Stakeholders

We identified a single individual acting as both 
space administrator and creator of the UG and 
the composting yard. Before the reduced number 
of volunteers due to the COVID-19 pandemic, 
the manager acted as the sole decision-maker in 
the project development. To understand the 
developed activities and the role of other poten-

tial or previously involved actors, a semi- 
structured interview and a questionnaire were 
applied to the manager, and a field research was 
conducted in the UG to observe the in loco 
reality.

The questionnaire provided data on other 
actors who should be involved in the project 
implementation, maintenance, and development. 
These actors were contacted and also underwent 
a semi-structured interview, as shown in 
Table 12.1.

12.3.4  Investigate Stakeholder 
Interests and Agendas

The applied SA enabled us to understand the 
function and interaction between each key actor 
identified in the previous step. Based on a bibli-
ography review on practices presented in other 
case studies, the key responsibilities of each 
actor were also identified.

Carvalho (2020) and Colding and Barthel 
(2012) reported the main characteristics of urban 
community gardens and their positive effects on 
social, environmental, and urban resilience, indi-
cating the benefits of this model in response to 
crises and as an alternative model for the man-
agement of public areas. According to Colding 
and Barthel (2012), also stress the importance of 
legislation addressing the topic and the predomi-
nance of projects with bottom-up management. 
When monitoring the implementation of an 
urban garden with bottom-up management, 
Camps- Calvet  et  al., (2015) likewise highlight 
the influence of this model in strengthening local 
resilience.

The review also included case studies ana-
lyzing the relevance of community participa-
tion in the development of urban gardens such 
as those conducted by Dennis and James 
(2016), Honda (2018), and Nagib (2019), 
besides focusing on issues related to project 
implementation, as promotion of biodiversity 
(Dennis & James, 2016), function of govern-
ment participation, and monitoring of man-
agement and composting processes (Nagib, 
2019; Honda, 2018). In a study conducted by 
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Table 12.1 Interviewed actors

Identified actors
Reference 
name

Position/function Methodological technique
Information obtained

Interviewee 
1

UG manager Semi-structured interview 
questionnaire

Implementation of the urban green 
common
Performed activities
Future projects
Volunteer management
Partnerships made and estimated
Management and logistics of the 
composting yard

Interviewee 
2

Former SECIS secretary Semi-structured interview SECIS support for the implementation of 
the UG
Communication with the manager
Performed activities

Interviewee 
3

Former SECIS secretary Management of MSW in Salvador and 
selective collection

Interviewee 
4

Vegan restaurant 
management

Was unaware of the composting yard

Interviewee 
5

Vegetarian restaurant 
management

Knows the project and will participate, but 
does not know about the logistics

Interviewee 
6

Neighboring commercial 
establishments

Unknown to the UG project

Interviewee 
7
Interviewee 
8
Interviewee 
9
Interviewee 
10
Interviewee 
11
Interviewee 
12
Interviewee 
13
Interviewee 
14
Interviewee 
15

Source: Own elaboration

Nagib (2019), the author suggests the creation 
of a statute/manifesto that supports the estab-
lishment of urban green commons and possi-
ble legislation on the topic.

The methodology used in our study also con-
sidered the studies developed by Le et al. (2018) 
and Thampi and Rao (2015). Decentralized 
MSW management, the stakeholders involved 
in the processes, and their respective relation-

ships are central points in our research. The 
studies conducted by Villa et  al. (2020) and 
Swagemakers et  al. (2018) focused on the 
necessary logistics and management for imple-
menting a decentralized solid waste management 
from composting, indicating the relevance of 
community  participation in the entire process 
and the consequent strengthening of urban 
resilience.
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The analyzed studies enabled us to identify 
the key actors and their respective responsibili-
ties in different scenarios. Based on these data 
and on the information regarding the stakehold-
ers of the UG in question (presented in Topic 
3.1.3), we created a model for the composting 
yard implementation aiming to prevent obstacles 
and failures during its execution.

12.3.5  Identify Patterns 
of Interaction 
and Dependency, Such 
As Conflicts 
and Compatibilities

From the bibliographic review previously 
described in the fourth step, adapted to the 
context of UG, and data on the current and 
potential stakeholders, we created a stake-

holder map, identifying the partnership or con-
flict relationships established among actors 
(Fig. 12.1).

After identifying the actors and their main 
activities, they were categorized according to 
their nature into government, enterprises, educa-
tional institutions, and civil society – following 
the model created by Le et al. (2018). After ana-
lyzing each category individually, existing and 
potential relationships were traced to identify 
common interests or conflicts, characterizing an 
analysis of multi-stakeholder processes to guide 
governance practices.

Thus, the model created covers the key fac-
tors, including actors and responsibilities con-
sidered essential to the governance of the urban 
garden in question, the implementation of MSW 
management to guarantee the development of 
the composting yard, and the implementation of 
further initiatives of the same nature.

Fig. 12.1 Network of interactions between the main actors involved in the development of urban community gardens. 
Source: Visual network adapted from Le et al. (2018) with actors and relations from own elaboration
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12.4  Results

12.4.1  Characterization 
of the Study Area

12.4.1.1  The Municipality of Salvador 
and the Direction 
to Sustainable Development

Bahia is a Brazilian state located in the northeast 
region of the country. The state borders eight 
other Brazilian states and is limited by the 
Atlantic Ocean to the east. Its territory occupies 
564,760.427  km2, with a coastline of about 
932 km, the largest in Brazil, and its capital is 
Salvador (Brazilian Institute of Geography and 
Statistics - IBGE, 2021).

The Brazilian Institute of Geography and 
Statistics [IBGE] 2020 census estimated that the 
population of Salvador was 2,886,698 inhabit-
ants, comprising the most populous municipality 
in the northeast and the third largest in Brazil 
(IBGE, 2021), despite being and the most eco-
nomically developed municipality in the state 
(PMS, 2020b).

In Salvador, the urban network development 
was strongly marked by the accelerated and dis-
ordered occupation of areas with poor infrastruc-
ture and susceptible to the occurrence of natural 
and social disasters. In that sense, the state popu-
lation is highly vulnerable to the adverse impacts 
of climate change (Brazilian Climate Change 
Panel – PBMC, 2016).

In recent years, the state of Salvador has 
developed and implemented plans, policies, and 
fundamental actions aimed at the sustainable 
development of the city (PMS, 2020a). Since 
2015, the city has been part of the C40 Cities 
Climate Leadership Group  – a network that 
brings together cities committed to tackling cli-
mate change and reducing its impacts. The 
municipality also participates in the Global Pact 
of Mayors for Climate and Energy (GCoM), 
considered the largest global alliance of cities 
committed to fighting global warming. In 2019, 
Salvador published its Resilience Strategy 
(Salvador’s Resilience Plan) – a document pre-
pared with the direct support of the Rockefeller 
Foundation’s 100 Resilient Cities program 

(R100) (PMS, 2019), which was later trans-
formed into the Global Resilient Cities Network 
(GRCN, 2020). In 2020, the municipality 
launched the Second Greenhouse Gas Inventory 
and the Plan for Mitigation and Adaptation to 
Climate Change (PMAMC).

12.4.1.2  The Municipal Solid Waste 
Management System 
of Salvador

In Bahia, as well as in other Brazilian states, 
landfills are still an issue of serious political and 
social concern. In total, 359 of the 417 munici-
palities in the state (86.09%) contain landfills 
within their territories (Urban Development 
Secretariat – SEDUR, 2016).

Similar to the largest Brazilian metropolises, 
the municipality of Salvador presents problems 
related to basic sanitation and MSW generation 
that directly impacts the health and well-being of 
the population (Azevedo, 2004).

In Salvador, the operational system of waste 
management is conducted by the Urban 
Cleaning Company (LIMPURB), a mixed- 
capital public company responsible for defin-
ing policies and inspecting and controlling 
services (LIMPURB, 2020; Pinto, 2018). The 
adopted collection system is the “door-to-
door” waste collection, performed by environ-
mental agents accompanied by compactor 
trucks, collecting the waste disposed by the 
population at their homes (SOUZA, 2018). 
According to the LIMPURP, 3000 tons of 
household waste and 2500 rubble on average 
are collected daily in the municipality.

All MSW produced in Salvador is disposed at 
the Metropolitan Landfill Centro (AMC), which 
serves two other municipalities, thus receiving 
an average of 3000 tons/day of waste. The Bahia 
Transfer and Treatment of Waste LTDA 
(BATTRE) company is responsible for the oper-
ations and maintenance services of the transship-
ment station, which serves the city of Salvador, 
and for the implementation, operation, and 
maintenance of the landfill (BATTRE, 2020).

Although the landfill employs different tech-
nologies for pollution control, we verified that 
Salvador does not have any type of differentiated 
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collection system and use of organic waste, as 
determined in the Brazilian National Policy on 
Solid Waste (PNRS). In 2015, the municipality 
published Decree No. 26,916 of December 16, 
2015 (PMS, 2015), regulating the mandatory 
collection, transportation, treatment, and dis-
posal of solid waste and final disposal of tailings 
from large-quantity generators of waste. 
However, an interview conducted with the 
Municipal Secretariat of Sustainability, 
Innovation and Resilience (SECIS) in July 2020 
revealed that large waste generators are not yet 
held responsible for the destination and treat-
ment of their organic waste.

The Municipality of Salvador has not yet 
adapted to the solid waste management model 
postulated in Law No. 12,305, so they adopt a 
logic of removal and non-recovery of the waste 
generated in the city (PMS, 2020a). Until March 
2021, the municipality did not present a 
Municipal Plan for Integrated Solid Waste 
Management (PMGIRS), and we found no 
record of the planning or execution of specific 
municipal projects or legislation on the subject. 
Likewise, the municipality lacks a municipal 
selective collection system, but we identified the 
existence of some initiatives mainly aimed at the 
collection of recyclable materials. In 2015, the 
SECIS implemented the Salvador Selective 
Collection Program, whose main goal is to 
install voluntary delivery points for recyclable 
materials (Pinto, 2018). In a study conducted by 
Sousa (2018), the author identified that commer-
cial establishments of “in natura and processed” 
food, such as fruits and vegetables from restau-
rants and supermarkets, have a great demand for 
the disposal of organic matter residues.

The author points that the city also faces other 
administrative and financial problems, such as 
the lack of qualified technicians and little money 
directed to this sector, hindering compliance 
with the legislation. At times, the municipal pub-
lic management transfers its responsibility and 
legal obligation toward waste collection to pri-
vate management through public tenders, con-
cession contracts, and public-private 
partnerships, possibly resulting in the loss of 
control over service inspection. The deficiency 

in collection inspection by the public manage-
ment entails  low- quality services in low-income 
neighborhoods to the detriment of the noble 
neighborhoods.

12.4.1.3  Overview of the Urban 
Green Salvador Project

The Urban Green Salvador Project (UG) was 
created in 2019 as the city’s first urban green 
common. At the time, the creator’s proposal 
(Interviewed 1, 2021) was to revitalize an aban-
doned land in a residential area with irregular 
disposal of waste, as a way to manage public 
areas (Dennis & James, 2016; Colding et  al., 
2013). The project was presented to the City 
Hall, which collaborated with land cleaning and 
donated useful materials for the garden mainte-
nance, such as land, fertilizer, and plant seed-
lings (Interviewed 1; Interviewed 2, 2021). 
Approximately, 60 tons of irregularly dumped 
rubble were removed during the land cleaning 
process.

The project creator (who is also the current 
manager and responsible for the UG in partner-
ship with SECIS) initiated the activities alone, 
receiving volunteers interested in the processes 
only afterward (Interviewed 2, 2021). The vol-
unteers autonomously organized their activities, 
without any hierarchical control or imposition of 
obligations; however, the project development 
experienced some challenges regarding the fre-
quency of their presence and the diversity of the 
necessary tasks and participants’ profiles. Prior 
to the coronavirus pandemic, the garden relied 
on the support of 20 volunteers, but the situation 
obliged them to interrupt their activities, so that 
the manager was left to perform all of them alone 
(Interviewee 1, 2021).

The main activities performed in UG are 
maintaining vegetable beds, cultivating bees, 
and maintaining fruit trees. A sustainable joinery 
was also created at the site, aiming to train com-
munity members and produce artifacts to gener-
ate income. The gardening pruning waste 
undergoes composting by the vermicomposting 
technique. The UG also has HomeBiogas, a 
device that converts organic matter into biogas in 
a short period of time to be used in the kitchen.
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Currently, the project is implementing a 
composting yard, a pioneering initiative in the 
municipality, which still lacks a selective collection 
system and composting plants, thus comprising 
the main focus of our study.

12.4.2  Stakeholder Analysis (SA): 
Identification of the Actors 
and Their Characteristics

Community urban gardens is a cross-sectional 
initiative that includes social and environmental 
themes approaching environmental education, 
volunteering, urban health, and local biodiver-
sity, thus strengthening urban resilience (Le 
et  al., 2018). In this sense, understanding the 
involved actors and their functions and other ini-
tiatives associated with space (such as the decen-
tralized MSW management) is essential for the 
development of urban gardens.

For expanding the scope of these initiatives, 
effectively strengthening urban resilience 
(Colding & Barthel, 2012; Dennis & James, 
2016; Carvalho, 2020), and contributing to the 
achievement of SDGs (FAO, 2012), governance 
is a necessary structure that guides the interac-
tions between involved and potential actors and 
their main activities. Based on the UG context 
and other case studies on urban gardens per-
formed in Brazilian cities such as São Paulo 

(Honda, 2018; Nagib, 2019) and Rio de Janeiro 
(Villa et al., 2020), as well as in other countries, 
such as Vietnam (Le et al., 2018), India (Thampi 
& Rao, 2015), Barcelona (Camps-Calvet et al., 
2015), Sweden, Germany, and South Africa 
(Colding et al., 2013), we investigated the actors 
considered key for the successful implementa-
tion of the first composting yard in Salvador.

The subsequent topics characterize the stake-
holders and their respective functions, according 
to data presented in Table  12.2. Categorization 
was conducted based on the fourth step of the 
methodology proposed by Grimble (1998), pre-
sented in Topics “3.1.3. Identify Decision-
makers and Stakeholders” and “3.1.4. Investigate 
the Interests and Agendas of the Interested 
Parties” of this article. The nomenclatures used 
were adapted from the case study presented by 
Le et al. (2018).

12.4.2.1  Government
All studies on urban green commons and com-
posting projects considered in our review relied 
on the support of government agencies, regard-
less of the divergences in the activities per-
formed. Government agencies offered 
political- administrative support for urban com-
munity garden implementation as to the use of 
public space, material donation, technical sup-
port (Colding & Barthel, 2012; Dennis & James, 
2016; Fox- kämper et al., 2018), and legislation 

Table 12.2 Categorization of stakeholders

Key actors
Category Function Actors

Government Technical support City hall
Services provision Departments
Legislation Councilors

Enterprises Financing Private enterprises
Technical support Restaurants
Services provision

Educational institutions Technical support Public and private schools
Publicity/disclosure Colleges/universities

Researchers
Civil society Planning and deployment Local residents

Management Volunteers
Publicity/disclosure NGOs

CSOs

Source: Own elaboration adapted from Le et al. (2018)
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that supports and recognizes these initiatives 
(Nagib, 2019; Santos & Bacci, 2017). 
Secretariats’ participation associated with the 
public power is demonstrated through the pro-
motion of informational events and employees’ 
participation in the activities developed at the 
urban greens (Honda, 2018; PMS 2020a). Due to 
the dimension of urban green common perfor-
mance, the municipal public power is presented 
as its most important sphere, translated into the 
City Hall, associated secretariats, and council-
ors. Honda (2018) reported a case in which an 
event held in a local urban green common by the 
health secretariat presented the initiative as asso-
ciated with the 2030 Agenda and the SDGs. 
Besides that, secretariat staff assisted in the prac-
tical activities related to the garden, which stim-
ulated knowledge between global and local 
actions in the municipalities (Honda, 2018). 
Secretariats can also act as important mobilizers 
through promoting employees’ participation, 
providing maintenance services, and donating 
necessary tools – even if sporadically and with-
out legal obligation.

Although the municipal government provided 
no financial contribution to any of the analyzed 
cases, their contribution proved to be essential 
for the implementation of the gardens, especially 
at the beginning of the project, through the pro-
vision of materials, plant seedlings, and profes-
sional support for teaching cultivation techniques 
(Colding et al., 2013; Colding & Barthel, 2012; 
Dennis & James, 2016; Nagib, 2019; Interviewee 
1, 2021; Interviewee 2, 2021).

As public authorities at the municipal level 
are responsible for the administration of urban 
public areas and the management of MSW, their 
support in urban green common implementation 
consists of enabling land use (Colding et  al., 
2013; Colding & Barthel, 2012; Dennis & James, 
2016) and in implementing decentralized MSW 
management systems. Implementing laws that 
support these initiatives tends to strengthen their 
proposals and motivate their expansion 
(Hettiarachchi et  al., 2018; Villa et  al., 2020). 
Law 16.212 (2015) is a great example of legisla-
tion that supports the establishment of urban 
green commons and the practice of composting 

in this space, providing for the participatory 
management of spaces, as pointed by Fox-
Kämper et al. (2018), Nagib (2019), and Santos 
and Bacci (2017), in the Municipality of São 
Paulo, Brazil:

Art. 19. The squares hosting organic community 
gardens may have composters built and main-
tained by those responsible for the respective 
urban garden, according to the principles of urban 
permaculture.
§ 1 The installation of composters must be autho-
rized by the respective Subprefecture, after hear-
ing the users’ committee, when applicable.
§ 2 It will be up to those responsible for the urban 
garden to inform visitors of the square about the 
correct handling of composters, to develop educa-
tional campaigns and actions in the square and sur-
rounding areas, involving the users’ committee, 
when applicable. (City Hall of São Paulo, 2015, 
p. 1)

The Municipality of Salvador lacks a specific 
legislation regulating these practices. Currently, 
the main action of the city regarding this theme 
is registering existing urban green commons, 
which is conducted by SECIS (PMS,  2020a). 
Thus, drafting legislation addressing this topic 
is an important step toward the advancement of 
these initiatives. Such a legislation is particu-
larly important for determining the division of 
responsibilities in the maintenance of urban 
green commons and composting plants (Nagib, 
2019). In this context, the City Hall is respon-
sible for regulating the processes and release of 
the execution of activities in a public environ-
ment, it is the community’s duty to cherish and 
maintain urban green commons and the com-
posting process, ensuring management auton-
omy on the part of volunteers (Santos & Bacci, 
2017). Elaborating legal norms aimed at these 
initiatives makes the involvement of councilors 
in these projects essential (Nagib, 2019), bridg-
ing the municipal power and civil society.

Our data show that public authorities con-
tributed to the composting yard implementa-
tion by making the site available, as the 
composting will be installed at the same site as 
the UG.  According to the UG’s manager, 
although he has attempted contact with SECIS 
for 3  years now looking for support to make 
the composting feasible, no contribution on 
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their part has been provided yet. When the 
urban green common was created, SECIS pro-
vided the space, cleaned the land, and donated 
the necessary inputs for the garden operation 
(Interviewed 1, 2021; Interviewed 2, 2021).

Many municipal laws regulate the issue of 
solid waste and the responsibility of large- 
quantity generators in Salvador. However, we 
identified no specific public policies or legis-
lation stimulating the implementation of com-
posting projects during the course of this study 
(PMS, 2020a). Although SECIS has collabo-
rated with several urban green commons in the 
municipality, initiatives aimed at implement-
ing composting as a tool for decentralized 
waste management are still lacking.

12.4.2.2  Enterprises
The participation of private organizations in 
activities performed at community urban gar-
dens generates benefits for commercial disclo-
sure (Andrade et  al., 2018), tax incentives 
(Brazil, 2000), and employees’ integration 
(Colding & Barthel, 2012; Jagt et  al., 2017). 
Moreover, the support arising from these organi-
zations excels when it comes to material dona-
tion, provision of maintenance and technical 
services related to garden cultivation and con-
struction, dissemination of the initiative, and 
funding.

Environmental companies also tend to offer 
their services, but partnerships are not restricted 
to this sector. Besides donations and financial 
support, organizations can participate in projects 
promoted by urban gardens, as well as in the 
composting process. In that sense, the vegan and 
vegetarian restaurants located in the Pituba 
neighborhood will be relevant actors for the 
maintenance of the composting yard. Being 
located around the Hortas Urbanas Project and 
due to the predominance of foods suitable for 
composting, such as vegetables and fruits 
(Souza, 2018), they may be responsible for the 
supply of organic waste, contributing to their 
prioritization (Interviewed 1, 2021). Moreover, 
Federal Law No. 9985 (2000) stipulated that 
private organizations have an incentive for 
environmental compensation, guaranteeing tax 

exemptions upon the provision of support to 
environmental projects. Finally, the partnerships 
established between community gardens and 
private organizations allow the dissemination of 
these brands as supporters of environmental 
causes, thus occupying a positive position in the 
society (Schenini et  al., 2006; Andrade et  al., 
2018).

As stated by Interviewee 1 (2021) regarding 
the management and logistics of the composting 
yard, participating restaurants must pay a 
monthly fee for waste collection, which will be 
performed by bicycle and then packed in con-
tainers. Initially, the manager expects that the 
collection will gather about 360  kg of waste 
weekly with the collaboration of four restaurants 
(Interviewee 5, 2021). However, as shown in 
Table 12.1, only one establishment confirmed its 
interest in participating. The composting yard 
managers must train and qualify all staff from 
establishments that agree to participate in the 
project, besides holding campaigns aimed at 
raising consumers’ awareness (Interviewee 1, 
2020).

The composting yard will be managed by the 
Compartiquali  – a company headquartered in 
Salvador that operates in the area of   environ-
mental consultancy and waste management. 
Considering the above-exposed waste, managers 
expect to receive between 600 kg and 1500 kg of 
waste weekly.

12.4.2.3  Educational Institutions
This category comprises institutions of primary, 
secondary, and tertiary education (Honda, 2018), 
of either public or private nature, as well as sci-
entific researchers (Le et al., 2018). Although not 
considered relevant in the decision-making pro-
cess of projects such as urban community garden 
implementation and decentralized waste man-
agement system, the participation of these insti-
tutions within these spaces enables the 
development of teaching, research, and exten-
sion (Le et al., 2018; Interviewed 1, 2020). The 
presence of students and the development of aca-
demic work on biodiversity and activities per-
formed on these projects guarantee the 
professionalization of these practices and stimu-

C. A. Carvalho et al.



231

late social participation in this environment 
(Colding & Barthel, 2012; Honda, 2018; Nagib, 
2019). Promoting environmental education is 
one of the most prominent factors in community 
urban gardens, especially when it arouses the 
support of public authorities.

The support potential of each educational 
sector is related to its nature and level of knowl-
edge. Institutions of tertiary education tend to 
contribute in technical issues and management 
practices and with the efficacy of cultivation 
methods. In turn, institutions of primary and sec-
ondary education provide for the education of 
children and adolescents, promoting participa-
tion and knowledge related to sustainable devel-
opment. Moreover, the production of scientific 
knowledge such as the creation of bibliographic 
references cited in this research unveils the 
relevance of the project, disseminating it not 
only through the scientific community but for 
the overall society, awakening individuals as 
potential volunteers (Colding & Barthel, 2012; 
Honda, 2018).

Currently, UG provides space for research 
development in partnership with the Institute of 
Biology of the Universidade Federal da Bahia 
(Interviewed 1, 2021). Yet, it also shows great 
potential for scientific research in different areas 
of knowledge and extension projects. With com-
posting implementation, the possibilities for 
studies will be expanded.

12.4.2.4  Civil Society
In urban green commons, the participation of 
civil society included active volunteers, local 
residents/community, nongovernmental organi-
zations (NGOs), and civil society organizations 
(CSOs) (Grimble, 1998). This category includes 
the main actors responsible for developing and 
ensuring the success of the community gardens 
(Colding & Barthel, 2012; Dennis & James, 
2016; Honda, 2018; Nagib, 2019). The catego-
ries aforementioned function in partnership with 
civil society, enabling the performance of activi-
ties and the maintenance and expansion of the 
project described by Fox-kämper et al. (2018) as 
a bottom- up model. Thus, the population strata 

that executes the project is the one that keeps it 
alive.

In our research, we verified that volunteers 
are distinguished from local residents: whereas 
volunteers are active participants of the project, 
local residents live nearby and tend to sporadi-
cally encourage its development by participating 
and publicizing actions promoted in this envi-
ronment (Nagib, 2019). Information regarding 
the role of NGOs and CSOs (Grimble, 1998; 
Lassa & Nugraha, 2015) are scarce in previous 
studies on the topic, but these organizations 
mainly contribute in task forces (events created 
to stimulate collective work) for the maintenance 
or construction of urban gardens (Nikolaïdou 
et al., 2016; Le et al., 2018; Nagib, 2019).

In an environmental governance analysis con-
ducted by Grimberg (2005), the author stresses 
that civil society is responsible for implementing 
participatory management processes, including 
planning urban garden projects, proposing them 
to the public authorities, and implementing 
them. Although other categories do provide 
support to the management and execution of 
activities, it is up to volunteers to develop self-
management skills.

Self-management requires the establishment 
of hierarchical relationships, but no determina-
tion has been made as to which structure is the 
most beneficial to the urban green common 
development (Fox-kämper et  al., 2018; Nagib, 
2019). Whereas some gardens function based on 
horizontal relationships, waiving a management 
nucleus controlling each member’s attendance or 
activities, others rely on a group responsible for 
the managing processes, organizing participa-
tion, and planning events and programs (Fox- 
kämper et  al., 2018). Determining the most 
suitable model depends on the origin of each 
project and on the community in which it is 
inserted. Our results indicate that precursors to 
garden implantation tend to become leaders in 
front of the other volunteers (Nagib, 2019).

Despite self-management, voluntary work in 
these spaces is characterized by the freedom and 
autonomy of participating members. In this sce-
nario, the requirement for discipline, planning, 
and compliance with schedules and tasks 
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becomes inefficient, as activities are performed 
according to individuals’ physical and emotional 
availability. This points to the need for publiciz-
ing the project in order to expand the number of 
volunteers, as well as to the need for creating a 
statute/manifesto that strengthens the primary 
purpose of the community garden and reverber-
ates its creation as a collective movement.

Currently, the UG relies on a limited number 
of volunteers, most of whom are older women. 
As aforementioned, before the coronavirus pan-
demic, around 20 people collaborated with the 
activities required by the garden; however, few 
of them were young people. Interviewee 1 (2021) 
indicated the need for the participation of young 
volunteers due to the manual work related to cul-
tivation and composting practices. Besides vol-
unteers for maintaining the space, the UG also 
requires the participation of individuals for dis-
semination of the project, for managing and for-
malizing the practices, and for assuming 
undertakings that assist in financing, material 
donations, and technical knowledge.

For the composting system maintenance, a 
group of people must actuate on receiving waste, 
cleaning and controlling packaging containers, 
and handling composting rows. Thus, social 
involvement will be fundamental to the success 
of the project. UG is conducting a campaign 
through social networks and commercial estab-
lishments in the Pituba neighborhood to raise 
funds and invite volunteers to participate in the 
project. The population can collaborate both by 
working on composting and by contracting the 
collecting service for their household-generated 
residues for a fee, which will provide individuals 
with buckets for storing waste (Interviewee 1, 
2021).

12.4.3  Network of Interactions 
Between Key Actors

After characterizing each key actor participat-
ing in the implantation and development of the 
community garden, one must understand the 
relationships established between them. These 
relationships can be either positive or conflict-

ing, depending on each actor’s specific inter-
ests. According to Grimble (1998), stakeholders 
participate in situations that address their own 
interests, so that all activities must meet their 
own expectations, always being bilateral. A 
support activity may possibly supply the inter-
est of only one side of the relationship, but in 
this case, the relationship is unlikely to last. 
Due to the  necessity of seeking alternatives that 
meet the interests of all actors involved in each 
situation, this scenario is characterized as 
multi-stakeholder platform (Thiele et al., 2011). 
Thus, urban green commons will witness a 
favorable scenario for their progress when valu-
ing and devising strategies that stimulate mutual 
support.

Figure 12.1 shows the interactions between 
the key actors categorized in Topic 4.2.4, which 
expatiates on the necessary network for commu-
nity garden development. These relationships 
were classified into positive or conflictual and 
numbered to describe the characteristics of each 
interaction.

Based on Le et  al. (2018), we understand 
“civil society” as a key actor of this process, 
being central to all relationships and activities 
performed in this context, such as the responsi-
bility for planning and proposing the garden 
project to government authorities, besides main-
taining it and assuring its progress (Colding 
et al., 2013; Dennis & James, 2016; Nagib, 2019; 
Santos & Bacci, 2017; Villa et  al., 2020). The 
other actors can implement urban green com-
mons without the participation of civil society, 
but in this case, it would be classified as of non-
community nature – that is, civil society partici-
pation is seminal for characterizing the 
community nature of urban green commons 
(Fox-kämper et al., 2018).

12.4.3.1  Positive Relationships 
Between Key Actors

Positive relationships were observed in (1), (2), 
and (3) as well as mutual benefits between key 
actors. The positive relationship observed 
between “civil society” and “government” is 
characterized by the implantation of urban green 
commons, with the population being responsible 
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for the revitalization of a public urban area 
(FAO, 2012; Nikolaïdou et  al., 2016). 
Furthermore, it encourages environmental edu-
cation of those involved and the neighboring 
community, because of the contact with the envi-
ronment generated by the green areas and sus-
tainable development practices. In the case of 
the implementation of decentralized MSW man-
agement by composting, civil society supports 
the municipality to comply with Federal Law 
No. 12,305 (2010) and reduces the impacts 
caused by irregular solid organic waste manage-
ment, when carrying out the necessary actions 
for the implantation of this model in the urban 
green space. On the other hand, it is up to the 
government to use the public area for the imple-
mentation of the urban green common, as well as 
the full realization of its activities based on tech-
nical support, service provision, and institution 
of laws that support and regulate it.

The positive relationship indicated in (1), 
between “civil society” and “enterprises,” pro-
vides for the provision of technical knowledge 
and services of the latter, which receives as a 
counterpart of tax exemptions derived from the 
tax compensation law in force throughout the 
national territory. Moreover, the partnership 
between the urban green commons and the com-
panies promotes a positive position in the society 
(Schenini et al., 2006; Andrade et al., 2018).

In the case of UG, the implementation of the 
composting yard will occur in association with a 
private company of the Environmental 
Consultancy and Management field. In addition 
to the company publicizing its service among 
project participants, the company will receive a 
financial return from the maintenance fees paid 
by residents and participating restaurants. This is 
a case of mutual beneficial relationship between 
the activities present in an urban green common. 
Finally, the relationship described in (1), between 
“educational institutions” and “civil society,” 
corresponds to the existence of a place that con-
ducts the creation of new technical, scientific, 
and educational knowledge by the academy. At 
the same time, it allows for greater adaptation of 
species as well as practical and management 
activities carried out in gardens.

The relationship pointed out in (2), between 
“government” and “enterprises,” occurs, mainly, 
due to the legislation favorable to the support 
provided by private institutions. Note that, in all 
the relations presented, the public power emerges 
as a regulatory agent, facilitating partnerships. 
By instituting measures that benefit enterprises, 
the government makes them allies in meeting 
their obligations, as those related to the 
 maintenance of the local environment and, 
potentially, to the decentralized management of 
MSW.

The relationship (3) occurs between the “gov-
ernment” and “educational institutions,” who 
represent the public municipal education depart-
ments and municipal schools – referring to basic 
and elementary education  – respectively. 
Municipal educational institutions need the 
release and encouragement of public manage-
ment to act together in urban green commons. 
By promoting this interaction, the government 
indirectly encourages the development of urban 
gardens in urban spaces with the presence of stu-
dents and the promotion of environmental edu-
cation. In this scenario, only educational 
institutions associated with the municipal public 
power were considered, as urban green com-
mons comprehend this governmental sphere.

12.4.3.2  Conflict Relationships 
Between Key Actors

The relationships presented in (4), (5), (6), 
and (7) demonstrate conflicts of interest 
between actors. In these cases, the expecta-
tions of only one actor were met, configuring 
a weak and probably punctual relationship 
(Grimble, 1998; Le et al., 2018). This type of 
relationships can be useful in specific situa-
tions, such as events and extraordinary activi-
ties (Nagib, 2019). However, they are not 
recommended for the application of long-term 
activities, which define the development of 
urban green common.

The conflict presented in (4) stems from the 
possible lack of assistance from the public 
authorities in making the operation of urban 
green commons feasible, even after the organi-
zation of the civil society (Santo & Bacci, 
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2017). The delay in evaluating the proposals 
and putting them into practice can disperse the 
volunteers and lead to the abandonment of the 
implementation, since the occupation of public 
areas requires an endorsement from the City 
Hall (Nagib, 2019). The government must ana-
lyze, review, and enable the implementation of 
this type of projects. However, rights and obli-
gations must be well defined so that the expec-
tations of civil society do not exceed the limits 
of the government’s responsibilities (Santos & 
Bacci, 2017). All activities developed, as well 
as the management and execution of these 
activities, are the responsibility of the volun-
teers (Nagib, 2019). However, there are some 
records that indicate the active participants’ 
feeling of helplessness related to the public 
power, mainly because of the lack of support in 
routine activities (Interviewed 1, 2021).

In (5), the disparity of expectations may 
occur due to the lack of knowledge or interest 
of enterprises and educational institutions in 
participating in urban green commons 
(Hettiarachchi et  al., 2018; Le et  al., 2018). 
For the same reason described in (4), it can 
generate a feeling of helplessness by the vol-
unteers in relation to the society (Nagib, 
2019; Interviewed 1, 2021). It is up to the 
active members to disseminate and to search 
for these actors so that they actively partici-
pate in the project (Santos & Bacci, 2017), 
demonstrating its potential benefits.

The conflict presented in (6) occurs between 
“government” and “educational institutions” or 
“enterprises.” It happens when the public 
power does not provide the appropriate envi-
ronment for conducting the activities of the 
other two actors (Zurbrügg & Rothenberger, 
2013). In this case, the control and enforce-
ment of laws – as well as the drafting of laws 
that support the establishment of urban green 
commons – are shown to be essential (Nagib, 
2019; Santos & Bacci, 2017), because it 
enables the fluidity of support from companies 
and educational institutions.

Finally, the conflict (7) illustrates the pos-
sible dissent between individuals and groups 
which the civil society is composed of. As 

shown, this key actor is primarily responsible 
for the development of the gardens, so that all 
beneficial relationships or conflicts affect 
them, both directly and indirectly. Self-
management becomes essential to deal with 
this context, but it is a complex path to be fol-
lowed (Fox-kämper et  al., 2018; Nagib, 
2019). Each individual (residents, volunteers, 
NGOs, and CSOs) has their own interest and 
condition. When these interests spontane-
ously need to be discussed and agreed upon, 
conflict scenarios tend to arise (Le et  al., 
2018; Nagib, 2019). Thus, the maintenance 
of this environment must be the main goal as 
it is the greatest interest of civil society  – 
when working in urban green common – and 
is able to provide benefits for society as a 
whole (Nagib, 2019). It is important to create 
regulations that guide the management and 
maintenance practices of each urban green 
common. Furthermore, the support of other 
actors (enterprises, academia, and govern-
ment) is also more likely with these regula-
tions, who will have defined the purpose of 
the project and how they can help (Nagib, 
2019).

12.5  Discussion

By applying the SA methodology in the identifi-
cation and categorization of key actors, as well 
as their relationships (Fig. 12.1), it was possible 
to present a multi-stakeholder platform that 
drives governance structure feasible for the 
implementation of urban green commons and in 
the decentralized management of MSW. By ana-
lyzing the current relationships, as well as the 
data collected about UG, as a result of this study, 
it was possible to identify the key responsibili-
ties to the development of these projects. These 
responsibilities, when executed by the main 
actors, are identified here as the key factors for 
the governance of an urban green common asso-
ciated with a composting yard, as described in 
Table 12.3.

The key factors represent the quintessential 
pieces for the progress of urban green commons 
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and decentralized MSW management, despite 
other useful contributions to this context. It is 
noted that the actors “educational institutions” 
and “enterprises” emerge as potential support-
ers, but they are not essential. On the other hand, 
the performances of “civil society” and “govern-
ment” are the central points in the implementa-
tion of this type of projects, according to 
Fig. 12.1.

For the aim of UG’s expansion and the imple-
mentation of the composting yard, it is necessary 
to regulate and to manage the UG activities. 
Promoted by the key actor “government,” the 
creation of specific legislation is a means to sup-
port its execution and development and tends to 
enhance partnerships, presented in Table  12.2, 
relationship (1) (Santos & Bacci, 2017). With 
this measure, UG gains relevance in the munici-
pal context and is no longer considered just a 
punctual community action.

The creation of regulations addressing the 
objective and rules of the project emerges as 
essential. Also, such regulations may motivate 
the population to participate, and the “educa-
tional institutions” and the “enterprises” may 
note the significance of the survival of such 
spaces. The creation of the manifest reflects the 
implantation of the urban green common and the 
decentralized management of MSW as a social 
movement (Nagib, 2019). This manifest must be 
created by the civil society – which is composed 
of volunteers working in the garden – based on 
the interests agreed between each group. The 
conflict of interests tends to generate conflicts, 
but common goals focused on the progress of the 
project should be sought, as shown in Fig. 12.1, 
relationship (7) (Le et al., 2018).

The population’s participation is what makes 
these spaces feasible (Colding & Barthel, 2012; 
Dennis & James, 2016; Honda, 2018; Nagib, 
2019), as shown in Fig.  12.1 in which the key 
actor “civil society” is presented in the center of 
relations. It is up to the population (represented 
in NGOs, CSOs, and citizens) to recognize the 
significance and benefits of working in urban 

green commons; they should also propose them-
selves to dedicate part of their time to participate 
(Santos & Bacci, 2017). Sustainable develop-
ment must be a collective action generated from 
an individual choice (UN, 2018). The existence 
of regulation and its future disclosure tend to 
bring the population closer to this environment 
(Nagib, 2019). Beyond the volunteers, the disclo-
sure finds great repercussion when carried out by 
the public authorities, as proposed in Fig. 12.1, 
with positive relationship (1). This act character-
ized urban green commons and decentralized 
management of MSW as something relevant in 
the society.

The last key factor observed is offered essen-
tially by the “civil society” and the “govern-
ment” (translated by the secretariats) regarding 
the technical knowledge necessary to carry out 
such activities. The activities are composed of 
the  construction and maintenance of urban gar-
dens, food cultivation practices, logistical pro-
cesses for the storage and collection of MSW, 
training for those involved in the process of 
segregating waste at partner commercial estab-
lishments, handling of the composting system, 
and management of internal processes. Only 
with the mastery of these techniques, the proj-
ect may be successful. This knowledge must 
essentially be provided by the government, as 
well as by the civil society, between volunteers 
and citizens  – who act punctually  – sharing 
their knowledge (Hettiarachchi et  al., 2018; 
Thampi & Rao, 2015; Interview 1, 2021; 
Interview 2, 2021).

The implementation of these factors, together, 
summarizes what is essential in the effectiveness 
of urban community gardens and in the com-
posting carried out in these spaces. The partici-
pation of other institutions or groups is beneficial, 
by enabling the expansion of this initiative. The 
proposal of urban green commons, as well as the 
decentralized management of MSW, serves the 
society by promoting a better quality of life and 
achieving sustainable development, and these 
aspects must be clear to the entire society.
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12.6  Conclusions

The creation of a model for the implementation 
and development of urban green commons asso-
ciated with the decentralized management of 
MSW is possible by identifying the main actors, 
as well as their most relevant responsibilities. 
Without an adequate model, the execution of 
these projects tends to follow common sense, 
causing the failure or stagnation of their original 
proposals. The active presence of civil society 
and public authorities is essential to promote the 
expansion of urban green commons and the 
effective composting practice. The residues 
composted are reverted into organic fertilizer 
that may be used in their own crops or even for 
sale or donation.

Considering the model presented, the UG and 
the implementation of the composting yard 
would tend to strengthen the whole project, 
attracting new volunteers and expanding the par-
ticipation in decentralized MSW management. 
For this, it is suggested to review the actions cur-
rently underway and plan the yard based on the 
model proposed in this work.

The UG has its governance model with bot-
tom- up characteristics with political/administra-
tive help, a factor often pointed out by the 
gardens that have achieved great progress. This 
model eases the definition of common goals 
among active participants. With the understand-
ing of multi-stakeholder platform and the identi-
fication of the aforementioned key factors, 
cooperation between potential actors can be 
strengthened. To this end, the creator of the UG 
should use the model proposed in this work, in 
order to interact proactively with each of the key 
actors mentioned in the Network of Interactions 
proposed in Fig.  12.1. Also, the observance of 
the identified key factors, as shown in Table 12.3, 
will be necessary to seek positive relationships 
and to minimize existing conflicts.

This study has limitations. It was not possible 
to interview members of the “civil society,” both 
voluntary actors involved in the process and oth-
ers who should be included in the future gover-

nance structures. It would be important that the 
implementation of the composting yard had 
already started to verify the effective potential of 
positive interactions between key actors, con-
crete existence of conflicts, and real involvement 
and dedication to enforce key responsibilities. 
These issues were identified as key factors for a 
successful governance model in urban green 
commons with composting yards. The limita-
tions found were mainly related to the measures 
arising from the COVID-19 pandemic, in which 
fieldwork, as well as meetings with different 
actors, was hampered. Subsequent works can be 
developed focusing on the practical validation of 
the model presented here, through its application 
in projects of this nature.

The creation of specific municipal legislation 
for composting yards connected to urban green 
commons, definition of a garden manifest, 
involvement of the neighborhood as well as 
other members of local civil society, propagation 
of the project among priority stakeholders, and 
holding of technical knowledge workshops were 
 presented as the key factors of the governance 
process. These aspects should lead to the 
achievement of sustainable urban development. 
It is expected that other projects of this nature 
will be developed in Salvador and in other 
Brazilian municipalities as well as in the world, 
aiming at the promotion of biodiversity, tackling 
climate change, increasing the population’s 
quality of life, empowering communities, and 
strengthening urban resilience, thus contributing 
to the achievement of the SDGs.
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Abstract

Water, energy and food (WEF) resources are 
vital to all aspects of human existence and sur-
vival. Recent studies have therefore increas-
ingly underlined the need for a nexus 
governance approach as an important vehicle 
through which countries can holistically 
achieve sustainable development and the 
Sustainable Development Goals. Existing 
studies have analysed the guiding principles 
of emerging law and governance frameworks 
across Europe and North America that imple-
ment WEF nexus approach in practice. 
However, an assessment of the legal and gov-
ernance frameworks on WEF nexus in the 
African context, and the challenges that limit 
their successful implementation, remains 
sparse. This chapter fills a gap in this regard.

Drawing lessons from Nigeria in West 
Africa, this chapter discusses the importance 
of WEF nexus governance for advancing 
sustainable investments in these important 
and interdependent sectors. It examines the 

preconditions for WEF nexus integration, the 
scope of application in a developing country 
context, the current barriers to implementation 
and the emerging solutions for addressing 
such practical challenges. The study suggests 
that elaborating sustainable development and 
human rights safeguards in investment instru-
ments in the WEF sector, reforming existing 
laws and institutions to ensure coherent imple-
mentation of WEF programmes, improving 
the availability and reliability of statistical 
data needed to drive integrated WEF planning 
and designing capacity development pro-
grammes for WEF actors are significant steps 
towards improving the development and suc-
cessful implementation of WEF programmes 
in West African countries, such as Nigeria.

Keywords

Sustainable investment · Developing coun-
tries · WEF nexus · Climate change · Human 
rights

13.1  Introduction

The water, energy and food (WEF) nexus gover-
nance approach has become increasingly recog-
nized as an important framework through which 
countries can holistically implement and achieve 
coherent planning in these three important sectors, 
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in order to avoid overlap.1 However, despite the 
emergence of several discourses on WEF nexus 
governance approach and its law and governance 
requirements, the practical challenges of imple-
menting it in practice in the African context have 
yet to receive in-depth analysis. Drawing lessons 
from Nigeria in West Africa, this chapter aims to 
fill this gap by exploring the significance of, and 
the preconditions for, a successful WEF nexus 
governance integration in the African contexts. 
Several African countries face pre-existing gov-
ernance challenges that make interoperability, 
rule linkage, systemic integration and inter- 
ministerial coordination more complex and 
challenging. Without addressing such practical 
challenges, a WEF nexus governance approach 
becomes difficult. This chapter illustrates practi-
cal governance challenges that must be addressed 
by African countries in order to advance WEF 
governance as a tool for promoting sustainable 
development in local contexts.

The chapter is divided into five sections with 
this introduction being the first. The second sec-
tion discusses the drivers of WEF nexus and ben-
efits of a nexus governance as a tool for promoting 
sustainable development. Drawing lessons from 
Nigeria, the third section discusses the barriers to 
integrating WEF nexus governance for develop-
ing countries. Building on the third section, the 
fourth section makes recommendations on how 
pre-existing and practical challenges to WEF 
nexus governance can be addressed through 
innovative legal solutions. The fifth section is the 
concluding section.

13.2  Drivers and Significance 
of WEF Nexus in West Africa

The search for sustainable development requires 
integrated social, economic and environmental 
progress in key sectors.2 Whilst social develop-

1 Olawuyi (2020) 1–9.
2 See para. 1.2 of the ILA New Delhi Declaration on 
Sustainable Development and the 2012 Sofia Guiding 
Statements on the Judicial Elaboration of the 2002 New 
Delhi Declaration of Principles of International Law 
Relating to Sustainable Development, Resolution No. 
7/2012 noting in para. 3 that ‘the sustainable use of all 

ment focuses on the provision of basic infrastruc-
ture and services needed for human development 
(such as water, energy, food, motorable roads, 
healthcare, education and the fulfilment of human 
rights including the right to water, food and decent 
living), economic development focuses on cre-
ation of jobs, growth in government revenue, 
inflow of foreign direct investments (FDIs), growth 
in gross domestic product (GDP) and poverty 
eradication (including eradicating water, energy 
and food poverty), whilst environmental develop-
ment aims to achieve the protection of natural 
capital (e.g. land, air, water, minerals, etc.) from 
degradation and pollution control through sustain-
able consumption of the earth’s resources, includ-
ing water, energy and food.3 Given the importance 
of water, energy and food resources, none of the 
pillars of sustainable development can be achieved 
without water, energy and food security.4

The central tenet of the WEF governance 
model therefore is the idea of integrating WEF 
institutions, policies and rules in order to ensure 
coherence in their implementation.5 Over the last 
decades, and as far back as the 1980s, researchers 
and policymakers began to point out the need for 
a cross-sectoral and integrative approach to man-
aging WEF resources.6 In developed country 
contexts, the need for integration is driven largely 
by efforts to reduce fragmentation, role duplica-
tion and incoherence in the implementation of 
government policies and programmes relating to 
WEF resources.7 Whilst these reasons have also 

natural resources represents an emerging rule of general 
customary international law, with particular normative 
precision identifiable with respect to shared and common 
natural resources’.
3 See Schrijver (2017) 99–102; Olawuyi (2021) 1–15.
4 Olawuyi (2020)1–9.
5 See Olawuyi (n.5).
6 Calls for integrated water resources management 
(IWRM) and integrated coastal zone management (ICZM) 
have featured prominently in the literature since the 
1980s. However, they were seen as too narrow and inade-
quate to respond to emerging challenges in food and 
energy sectors. For a detailed overview, see Hayley Leck 
et al. (2015) 445.
7 Pavoni (2010) 641; See also the International Law 
Association (2018), stating that the principle of mutual 
supportiveness between trade and environmental policies 
or agreements may inspire solutions to a conflict of norms.
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driven the WEF discourse to prominence in 
developing countries, a number of additional 
local and governance challenges make WEF 
nexus integration an urgent and essential prereq-
uisite for sustainable development, especially for 
developing countries where progress on the 
SDGs has been relatively slow. In order to address 
WEF scarcities, and to advance the UNSDGs 
(United Nations Sustainable Development Goals) 
relating to water, energy and food, many develop-
ing countries in Africa and Latin America, where 
many of the WEF poorest people live, have scaled 
up investments in infrastructure development 
projects aimed at expanding WEF access (WEF 
projects). A good example is the recently 
approved Mambilla hydropower project, Africa’s 
largest. Estimated to cost US$5.7 billion, the 
Mambilla hydropower project aims to expand 
electricity access in Nigeria.8

However, the implementation of several WEF 
projects needed to advance sustainable develop-
ment, such as the Mambilla hydropower project 
in Nigeria, renewable energy projects in Senegal 
and large energy pipeline projects such as the 
West African Gas Pipeline project in Ghana, 
amongst others, has been stifled by sector-based 
planning, human rights concerns, delays in 
approval processes and lack of integrated plan-
ning and governance.9 The tendency of 
 infrastructure development activities in one sec-
tor, to result in overlap, human rights challenges 
and policy reversal in other sectors, has resulted 
in calls for a more coherent and less fragmented 
approach to the design, approval, planning and 
implementation of WEF projects, through a WEF 
governance approach.10

Generally, calls for a nexus governance 
approach to WEF resources as a tool for promot-
ing sustainable investments have become promi-

8 Labelled as Africa’s Three Gorges Dam project, this 
expansive project will include the construction of four 
dams and 700  km of electricity transmission lines in 
Africa’s most populous nation; see Premium Times 
(2017).
9 Ecowas Centre for Renewable Energy and Energy 
Efficiency (2010) 5.
10 Olawuyi (2018).

nent over the last decade due to the following 
four main reasons11:

13.2.1  Unprecedented Increase 
in Demand for Water, Energy 
and Food in Cities

Population growth, rapid urbanization and eco-
nomic development have caused demand for 
water, energy and food to increase unprecedented 
levels in developing countries.12 Demand for 
food, water and energy has grown over the last 
decade and is projected to grow further by 
approximately 35%, 40% and 50%, respectively, 
by 2030, owing to an increase in the global popu-
lation and rise in consumption patterns across the 
world, especially in developing countries.13 In the 
West African region, for example, demand for 
energy, food and water is on the rise, spurred by 
unprecedented economic and population growth 
and urbanization.14 A recent study on Ghana has 
shown that rural-urban migration caused a mas-
sive increase in demand for water, energy and 
food, on the already strained infrastructure strug-
gling to feed the former inhabitants.15 
Furthermore, efforts to actualize SDG7 (energy) 
for the over 1.7 billion people lacking access to 
modern energy sources, majority of which reside 
in developing countries, will surely cause further 

11 Cairns and Krzywoszynska (2016) trace the recent focus 
on the WEF nexus to the year 2008, where business lead-
ers of the World Economic Forum issued a call to engage 
with nexus issues between economic growth and water, 
energy and food resource systems.
12 Terrapon-Pfaf (2018).
13 According to UN estimates, the world population of 7.4 
billion (in 2016) will increase by 1 billion over the next 
10 years and reach 9.6 billion by 2050. See United Nations 
(2015).
14 International Energy Agency (IEA) (2019).
15 The 2010 national census in Ghana recorded a popula-
tion of 22.7 million, of this number, the Ghana Statistical 
Service reported in 2010 that more than 80% of Ghanaians 
migrate with about 70% going to the urban areas. For con-
text, 70% of 22.7 million is 15,890,000 which is more 
than the population of Monaco and Liechtenstein com-
bined. Ghana Statistical Service (2010); also Tanle (2020) 
1–18.
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increase in demand for energy through energy 
expansion projects, which will have an impact on 
water resources and land, given their interdepen-
dencies.16 Similarly, a number of countries have 
intensified efforts to reduce the current electricity 
demand rate by promoting energy efficiency in 
water, food and industrial sectors and eliminating 
waste. Addressing energy demand, without 
understanding the implications of energy effi-
ciency measures and activities on food and agri-
cultural productivity, may result in 
counterproductive policies. Also, advancing agri-
cultural expansion projects without addressing 
the impacts of such projects on electricity usage 
and demand could provide counterproductive 
effects on energy efficiency and security. For 
example, the food and agricultural sector which 
is currently the largest consumer of water (70%) 
and one of the largest users of energy (30%) is 
prone to impact as food price will increase as 
energy, fertilizer, water and transportation costs 
rise.17 Also, addressing energy demand through 
expansion of alternative and renewable energy 
projects could affect both land access for agricul-
tural purposes and food security.

To meet the needs of people with limited 
access to these resources, there is a need to 
address water, energy and food issues jointly so 
that actions in one sector do not affect the other 
negatively. The WEF nexus model allows policy-
makers to understand the implications of increas-
ing energy demand on food and water supply and 
the implications of rising food production and 
agriculture sector demand for water and 
energy.18

For example, by implementing efficiency pro-
grammes in water- and energy-intensive indus-
tries, such as the oil and gas, agriculture and 
manufacturing sectors, West African countries 
can reduce waste and promote conservation of 
available water and energy resources. Similarly, 
by promoting administrative coordination in the 
approval and implementation of WEF projects, 
the design and implementation of critical infra-

16 Olawuyi and Nsoh (2020).
17 Food and Agricultural Organization (FAO) (2011).
18 Oguamanam (2015) 238–4.

structure investments needed to advance WEF 
security can proceed efficiently thereby reducing 
risk levels.

13.2.2  Climate Change

One of the key challenges to sustainable develop-
ment across the world is the problem of climate 
change.19 Climate change increases the pressure 
on availability of water, energy and food resources 
at local and regional levels in diverse ways.20 For 
example, a rise in the frequency of droughts due 
to drier summers, wild fires, increase in number 
of pests and insects such as locusts,21 migrant 
grazing and changes in climate variables such as 
temperature, precipitation and humidity could 
significantly affect food production, distribution, 
storage and transportation.22 For example, in the 
Economic Community of West African States 
(ECOWAS) region, climate change has caused a 
change in pattern and duration of rainfall, with 
shorter raining seasons lately, whilst desertifica-
tion and drought have become more persistent.23 
Consequently, countries in the region are consid-
ered highly vulnerable to climate change as they 
are prone to experiencing impacts on agricultural 
productivity and food and energy security.24 
Studies indicate that a temperature change of two 
degree Celsius could result in 40–80% loss of 
cropland conducive for farming and agriculture, 
which could further worsen food insecurity in 
already poor West African countries.25 In order to 
effectively limit and address the catastrophic 

19 Olawuyi (2022)1–10.
20 Ibid.
21 Recently, in 2018, climate change-related disaster – par-
ticularly cyclone  – dumped heavy rain on the Arabian 
Desert which caused locust to breed unnoticed. Strong 
winds in 2019 blew the growing swarms into Yemen’s 
inaccessible conflict zones and then across the Red Sea 
into Somalia, Ethiopia and Kenya, causing several severe 
locust invasions on these countries who were caught 
unprepared. See McConnell (2021).
22 Ellen Wall et al. (2007); Budong Qian et al. (2012).
23 World Bank (2013).
24 Ibid ECREEE (n 20) 5; Oche (2020).
25 World Bank (2013).
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impacts of climate change, the international cli-
mate change regime has emphasized the impor-
tance of cooperating across relevant sectors in 
both the preparation and implementation of the 
National Adaptation Plan (NAP).

Addressing climate change impacts in one 
domain, without addressing trade-offs and 
impacts in other domains, may result in maladap-
tation and ineffectiveness. An approach which 
addresses the impacts of climate change in one 
domain whilst neglecting trade-offs and impacts 
in other domains might prove ineffective. Also, 
given the cross-cutting implications of climate 
change for water, energy and food infrastructure, 
promoting the design of smart and climate- 
resilient infrastructure can enhance efficiency 
and reduce emissions across entire WEF 
domains.26 Infrastructure for climate adaptation 
could be designed for multifunctional purposes 
across the different WEF domains, for example, 
dams for electricity, irrigation and drainage sys-
tems.27 Similarly, given the urgency of climate 
change mitigation and adaptation in vulnerable 
cities of West Africa, there is a need for a coordi-
nated climate action across all key sectors. The 
WEF nexus approach provides an opportunity for 
key stakeholders in water, energy and food sec-
tors to coordinate governance efforts and stream-
line regulatory procedures in a manner that 
fosters the rapid development and implementa-
tion of climate-smart infrastructure investments 
across the three key domains.

13.2.3  The Need for Holistic 
Implementation 
of Sustainable Development 
Goals (SDGs)

The nexus governance approach provides a sys-
temic understanding and view of the trade-offs 
and synergies between the SDGs, and this helps 
to avoid overlapping and duplication of sector- 
specific actions and programmes. Through infor-
mation sharing and cooperation between the 

26 Olawuyi and Nsoh (n.19).
27 Ringler et al. (2013).

different institutions responsible for the various 
SDGs, a country can formulate and implement a 
multiscale, holistic and integrated plan for 
achieving the SDGs.

SDGs include a wide spectrum of topics and 
issues, including poverty, food security, health, 
climate change and gender equality, amongst oth-
ers. Progress towards at least 12 of these 17 goals 
is directly linked with the sustainable use of 
resources such as land, water, energy and food. 
However, progress made in several developing 
countries, in terms of advancing several of the 
SDGs, remains comparably low.28 According to 
the UN, one key reason is that a nexus approach 
has not been adequately considered in framing 
the targets of the SDGs, leaving out the interde-
pendencies, trade-offs and synergies amongst the 
SDGs and their targets.29 For example, in Nigeria, 
practical challenges such as lack of intergovern-
mental coordination and lack of holistic planning 
across relevant sectors continue to stifle progress 
on all of the SDGs.30 Sector-based and piecemeal 
responses to SDG implementation therefore 
remain a key reason for slow progress recorded in 
several of the SDGs in Nigeria and across West 
Africa.31 Poor information exchange, data gaps 
and lack of coordination amongst key stakehold-
ers in the sectors often result in poor planning 
and decision-making, which ultimately results in 
conflicts amongst stakeholders and poor out-
comes in SDG delivery.32 Given the interconnec-
tivity of the targets of goals 2, 6 and 7 on food, 
water and energy, respectively, there is a need to 
coherently implement the applicable legislation 
and policies in investment, human rights, envi-
ronment and agricultural law regimes in order to 
achieve any of the SDGs.

The WEF governance approach provides a 
framework for West African countries to coher-
ently track and monitor progress made in advanc-
ing the SDGs relating to water, energy and food 

28 Olawuyi and Olusegun (2018) 37–60.
29 United Nations (2018).
30 Olawuyi and Olusegun (2018) 37–60.
31 Ibid.
32 Stockholm Resilience Centre (2018) 39–40.
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and to promote holistic responses to challenges 
that impede progress in each sector.

13.2.4  Addressing the Interactions 
Between WEF Projects 
and Human Rights

The need to respect, protect and fulfil human 
rights is a vital aspect of the social pillar of sus-
tainable development.33 Consequently, efforts 
and projects aimed at promoting development 
should not stifle or affect fundamental human 
rights. However, over the last decade, with sev-
eral climate and energy expansion projects being 
associated with negative impacts on human 
rights, especially the right to food, property and 
water, the dangers of sector-based planning have 
become so apparent.34 Several WEF projects have 
been linked with complex human rights viola-
tions in developing countries.35 These human 
rights impacts take several forms and manifest in 
different ways especially compulsory acquisition 
of property as project sites, forced displacement, 
marginalization, exclusion, concentration of 
energy access projects in poor and vulnerable 
communities and governmental repression in 
developing countries.36 In many cases, these 
human rights challenges have been exacerbated 
by lack of integrated planning by key institutions 
responsible for project design and delivery. For 
example, in granting approvals for energy proj-
ects, failure to consider the implications of such 
projects on agricultural lands and food access has 
decelerated progress on food security pro-
grammes.37 Similarly, failure to consider the 
implications of new investments on existing proj-
ects and programmes in other sectors has resulted 
in land grabs and human rights violations.38 For 
example, as seen in the Cameroon BIT (bilateral 
investment treaty) as well as in a number of other 

33 Olawuyi (2018) 73–104.
34 Ibid.
35 Oguamanam (2015) 237–238.
36 Olawuyi (2016) 1–25.
37 Cordes and Bulman (2016) 53–67.
38 Richards (2013).

BITs negotiated by African countries, there have 
been terms included in investment agreements 
which allow investors to utilize as much land, 
forest and water resources in a given area for 
their investment activities during the term of the 
treaty.39 Such provisions not only conflict with 
pre-existing rights of landowners in such com-
munities but could also result in transborder dis-
putes over shared water resources.40 Similarly, 
whilst stabilization clauses are important from an 
investor’s standpoint to mitigate legal and politi-
cal risks that are typically commonplace in 
emerging markets due to change of laws,41 there 
have been instances of overly broad stabilization 
clauses that may make improvements to domestic 
laws on labour, land and human rights to be inap-
plicable to an investment.42

The gaps and prevalent human rights viola-
tions associated with WEF expansion projects 
have highlighted the need for a more integrative, 
transparent and human right approach to WEF 
governance.43 As West African countries increas-
ingly seek to attract investments in WEF sectors, 
there is a need to ensure that human rights safe-
guards are integrated into project approval 
requirements and standards across the sectors in 
order to address adverse human rights impacts. 
For example, approving an agricultural expan-
sion investment may result in land grabs and 
water scarcity and could worsen access to energy 
in poor communities who rely on biomass for 
cooking and heating. Such an outcome may result 
in the violation of several human rights relating 
to environment, water, food and human life.44 To 
address such impacts, the African Union’s 2012 

39 Mbengue and Waltman (2015) 24–30.
40 Cordes and Bulman (2016) 53–67.
41 Maniruzzaman (2008) 127; Kriebaum (2007) 717–744.
42 Gehne and Brillo (2014) 3–5; Olawuyi (2015) 
247–265.
43 Olawuyi and Nsoh (n 19) at 7–8.
44 See, for example, the decision of the African Commission 
in the case of Social and Economic Rights Action Centre 
and the Centre for Economic and Social Rights v Nigeria 
(2001) African Commission on Human and People’s 
Rights, Comm. No. 155/96, which recognizes the obliga-
tion of governments to prevent human rights violations 
resulting from business and commercial activities.
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Resolution on a Human Rights-Based Approach 
to Natural Resources Governance (hereafter the 
African Union Resolution) calls on governments 
to ‘set up independent monitoring and account-
ability mechanisms that ensure that human rights 
are justiciable and extractive industries and inves-
tors legally accountable in the country hosting 
their activities and in the country of legal 
domicile’.45 The WEF governance approach pro-
vides an accountability framework that allows 
regulators to undertake a holistic and systemic 
assessment and monitoring of the human rights 
WEF projects and investments. By reviewing the 
human rights impacts of a project in a wide range 
of interrelated sectors, efforts to advance water, 
energy or food security will reduce human rights 
problems in other sectors. Key challenges that 
limit mutual supportiveness and responsible 
investment in WEF systems must be comprehen-
sively addressed in order to achieve sustainable 
development in these key sectors. The next sec-
tion discusses some of such challenges.

13.3  Law and Governance 
Barriers to Implementing 
WEF Nexus in Nigeria

Drawing lessons from Nigeria, this section devel-
ops a profile of key barriers and challenges that 
limit the implementation of WEF nexus gover-
nance in the African context. Nigeria offers a 
classic example of how WEF governance may be 
stifled by pre-existing sustainability challenges 
which make interoperability and integration 
complex and near unattainable.

45 African Commission on Human and Peoples’ Rights, 
Resolution on a Human Rights-Based Approach to 
Natural Resources Governance (2 May 2012) ACHPR/
Res.224 (LI) (hereafter the African Union Resolution).

See also the Niamey Declaration on Ensuring the 
Upholding of the African Charter in the Extractive 
Industries Sector, ACHPR/Res.367 (LX) (2017), which 
requires all African countries to ‘put in place regulatory 
bodies vested with the relevant powers for ensuring that 
human rights, environmental and labour standards are 
duly respected and environmental and social impacts are 
mitigated’.

13.3.1  Methodology

This study relies primarily on published govern-
ment reports and data in Nigeria that document 
the current scope and status of WEF nexus initia-
tives being implemented to advance integrated 
and coordinated delivery of the SDGs in Nigeria. 
These include publicly accessible legislation, 
policy documents and periodic reports collated 
and released by the Federal Government of 
Nigeria.46 A qualitative analysis of these docu-
ments has allowed conclusions to be drawn on 
how WEF governance programmes and initia-
tives are progressing in Nigeria and the chal-
lenges to their implementation. Furthermore, an 
analytical review of published literature is 
adopted because existing research in the field has 
satisfactorily compiled the importance of WEF 
for advancing the SDGs.47 However, a detailed 
examination of practical challenges facing the 
development and implementation of WEF pro-
grammes in the context of Africa, and specifi-
cally Nigeria, has remained absent.

This article moves the discussion forward by 
examining the current challenges and future 
opportunities for mainstreaming WEF gover-
nance into sustainable development planning in 
Nigeria. Owing to the scope of the study and the 
nature of the methodological approach, the sur-
vey can by no means be regarded as representa-
tive. However, since this survey is combined with 
a review of the literature, this section provides an 
analytical profile of, and insights on, the key 
challenges facing the integration of WEF gover-
nance into the design and implementation of 
WEF projects in the context of Nigeria and how 
lessons from Nigeria can guide other African 
countries to overcome law and governance barri-
ers to WEF planning.

46 Government of Nigeria (2017), Government of Nigeria 
(2020a, b, c).
47 See Olawuyi (2020).
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13.3.2  Results

Despite Nigeria’s abundant water, energy and 
food resources and one of the world’s largest 
exporters of oil and gas resources, it has been 
ranked as one of the world’s poorest countries.48 
A wide range of complex social, economic and 
environmental challenges also mean that prog-
ress in advancing the SDGs remains critically 
slow in Nigeria.49 For example, due to inadequate 
water, sanitation and hygiene (WASH) facilities, 
Nigeria has one of the highest rates of open def-
ecation in the world.50 Similarly, despite Nigeria’s 
vast oil and natural gas resources, electrification 
rate remains critical at 45%, whilst more than 
55% of Nigerians do not have access to electric-
ity and still rely on non-commercial fuels like 
coal dust, wood, animal dung and crop residues 
for cooking, lighting, heating and commercial 
activities.51 Furthermore, food insecurity remains 
a critical challenge in Nigeria with about nine out 
of ten Nigerians being unable to afford a healthy 
diet.52 Furthermore, Nigeria ranks as number two 
in the world in terms of the population of stunted 
and malnourished children.53 In addition to other 
governance challenges such as governmental 
 corruption, conflicts, insecurity and poor mainte-
nance of WEF infrastructures, amongst others, 
Nigeria’s poor sustainable development out-
comes are worsened by lack of integrated and 
holistic implementation of WEF programmes. 
Problems of fragmented laws and institutions, 
weak multi-stakeholder engagement and partici-
pation in WEF projects, inadequate infrastructure 
and technology for knowledge sharing and weak 
capacity for implementing the WEF nexus 
approach continue to limit governance coordina-

48 Adebayo (2018); Government of Nigeria (2020a), stat-
ing that 40.1% of Nigerians live in poverty.
49 Olawuyi and Olusegun (2018) 37–60; Government of 
Nigeria (2017), Government of Nigeria (2020a).
50 Government of Nigeria (2020c).
51  Olawuyi (2022).
52 In the 2020 Global Hunger Index, Nigeria ranked 98th 
out of the 107 countries and was described as having ‘a 
level of hunger that is serious’ Global Hunger Index 
(2021).
53 Bloomberg (2020).

tion across the three sectors. These problems are 
discussed below:

13.3.2.1  Fragmented Laws 
and Institutions

At the core of the WEF nexus governance dis-
course is the idea of integration. Integration of 
management and governance across WEF sys-
tems is crucial to reducing trade-offs and maxi-
mizing the synergies between them.54 However, 
attempts to integrate water, energy and food sys-
tems still have a long way to go in Nigeria.55 In 
Nigeria, as it is in several African countries, most 
institutions – like the various water, energy and 
agriculture departments or agencies  – operate 
under a complex system of unclear mandates and 
obscure funding and do not consult with each 
other.56 This is because they operate under sepa-
rate laws which do not make reference to inter-
secting WEF resources. In Nigeria, for example, 
the laws and institutions governing WEF 
resources are scattered about several different 
statutes, with several departments, water boards 
and basin authorities responsible for licensing 
different projects without considering the inter-
actions and pressures existing between the differ-
ent domains.57 For example, the Petroleum 
Industry Act (2021) which empowers the minis-
ter of petroleum resources to grant prospecting 
and mining licences makes no provisions to con-
sider impacts on water bodies. Similarly, the sev-
eral regulatory bodies created by subsidiary 
regulations to the act do not consider the trade- 
offs on water resources caused by energy produc-
tion processes. At most, what is considered are 
pollution-related issues which are typically reac-
tionary than proactive.58 This increases the ten-

54 Olawuyi (2020) 1–9.
55 Government of Nigeria (2017) 70–72. See also 
Government of Nigeria (2020a) 71–75, which documents 
poor governance and weak regulatory structures as a bar-
rier to the integration and coordination of SDG efforts in 
Nigeria.
56 Government of Nigeria (2017) 70–72; Government of 
Nigeria (2020a) 71–75; also Maupin and Mwanikah Ojoyi 
(2017).
57 Olawuyi and Tubodenyefa (2018).
58 See Petroleum Act (1969), S. 9 (1) para. i.
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dencies for red tape and ‘turf wars’ by ministries 
who should ordinarily work together for the com-
mon goals of advancing WEF programmes, espe-
cially where their respective enabling statutes 
leave doubts about their jurisdictions.59 
Cooperation between WEF ministries has been 
largely on an informal basis, without any clear 
legislative framework for such integration. This 
has resulted in role duplication, limited informa-
tion exchange and the tendency of actors to stay 
in their own confines and become unwilling to 
cooperate with other key sectors that have com-
plementary roles.60 This raises the need for clear, 
comprehensive and specific legislation on coordi-
nation and integration by key WEF actors, in 
order to promote interoperability. The absence of 
linked rules, procedures and obligations on WEF 
nexus governance will not only make it unduly 
difficult to evolve and implement the guiding 
principles of WEF; it will also make regulatory 
supervision difficult and complex.

As West African countries develop strategies 
to address climate change and promote the SDGs, 
a holistic reassessment of existing laws and regu-
lations in WEF sectors will be very important so 
as to address existing gaps. To implement a nexus 
approach to WEF governance, a comprehensive 
linkage of legislation, rules and procedures across 
the WEF domains is essential.61 Recent legisla-
tive developments in the UK and Alberta, Canada, 
suggest that rule linkage across the WEF sectors 
is indeed possible and emerging. For example, 
the UK’s Environmental Permitting (England 
and Wales) Regulations (EPEWR 2016) offers an 
example of innovative legislation that integrates 
the administration of a range of environmental 
regimes. The system requires regulators to con-
trol certain activities that could harm the environ-
ment or human health and covers facilities such 
as the energy industry, waste operations, food 
industry and water discharge and groundwater 
activities. The system also allows a single permit 
to cover more than one regulated facility if they 
are on the same site. Similarly, in Alberta, 

59 Olawuyi and Tubodenyefa (2018).
60 Ibid.
61 Olawuyi (2020).

Canada, Section 2 of the Responsible Energy 
Development Act (REDA 2012) empowers the 
Alberta Energy Regulator (AER) to regulate 
water conservation and management, environ-
mental protection and public lands management 
with respect to energy resource activities in 
Alberta. Section 67(1) also creates an obligation 
on the AER to ensure that its activities are consis-
tent with programmes, policies and work of the 
government in respect of energy resource devel-
opment, public lands management, environmen-
tal management and water management. This 
provision aims to ensure systemic coherence and 
integration of activities and programmes related 
to water, energy and public lands management in 
Alberta. As can be learned from Canada and the 
UK, implementing the WEF nexus approach will 
require West African countries to update existing 
laws and regulations in WEF sectors to promote 
integration of standards and regulatory require-
ments. Whilst country-specific assessments will 
be required to identify how simplifying measures 
can be designed and applied in WEF sectors and 
the possible political barriers, rule integration 
and the elimination of duplicative procedures are 
essential steps towards integrative governance of 
WEF sectors.

13.3.2.2  Weak Multi-Stakeholder 
Engagement 
and Participation in WEF 
Projects

The WEF nexus governance approach aims to 
promote multi-stakeholder partnership, through 
the development of an integrated regulation sys-
tem that allows members of the public and differ-
ent regulatory stakeholders to come together and 
tackle a common issue that no stakeholder would 
have been able to tackle alone.62 Considering the 
essential nature of water, energy and food to the 
human existence, projects that may impact or 
limit access to these resources should involve the 
active participation and engagement of members 
of the public that could be adversely impacted in 
a coordinated and integrated manner. International 
law has increasingly emphasized the need for 

62 Beisheim, N S (2016) 6.
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free, prior informed consents (FPIC) of local 
communities that may be affected by an invest-
ment activity or project prior to its approval or 
implementation.63 Yet in many parts of Africa, 
including Nigeria, the enforcement and imple-
mentation of procedural human rights safeguards 
on participation, access to information, non- 
discrimination and accountability in the design 
and implementation of development projects 
remain weak.64 Whilst virtually all African coun-
tries are signatories to international human rights 
instruments that guarantee these procedural 
rights, the level of domestic implementation 
remains less robust, especially in politically sen-
sitive sectors such as water, energy and food 
sectors.65

Nearly all cases of conflict over land-based 
water, energy and agricultural investments and 
projects arise from projects executed without 
proper consultations with the local communi-
ties.66 For example, one of the key concerns 
expressed with the Mambilla hydropower project 
is the limited consultation of local communities 
by the Nigerian government. Furthermore, the 
dam is expected to displace 100,000 people from 
their ancestral homes and lands which could 
worsen food insecurity in those communities.67 
Similar concerns on lack of consultations, land 
grabs and dislocation of indigenes and residents 
have also been raised with the Zungeru 
Hydropower Dam in Niger State, Nigeria.68 
These communities are not generally opposed to 
such projects or investment, but they know and 
insist upon their rights, even if governments and 
supervisory bodies are unwilling or unable to 
protect them.69 Given the critical and common 
issues that arise with WEF projects, there is a 
need for responsible administrative authorities to 
develop common and coordinated frameworks 

63 Ruggie (2011) paras. 8–12; UNEP (2012) p. 7.
64 Government of Nigeria (2020a) 71–75; Olawuyi (2018) 
73–104.
65 Olawuyi (n.13). pp. 1–15.
66 Ibid.
67 Lammers (2020).
68 Ibid.
69 Olawuyi (2018) 73–104.

that will allow local communities to take part in, 
and influence, decision-making processes relat-
ing to WEF infrastructure projects and how pos-
sible short- and long-term impacts to the local 
communities that rely on land, forest, food and 
water resources in the investment area are to be 
mitigated.70 Over their entire life cycle of WEF 
projects, the channels through which the commu-
nity and key stakeholders who may be affected 
by such projects will access information and 
make inputs must be clear, credible and reliable.

13.3.2.3  Weak Infrastructure 
and Technology 
for Knowledge Sharing

Implementing holistic responses to common and 
multiscale threats to WEF security will require 
effective sharing of data and information, in open 
linked databases and interlinked information and 
communication technology (ICT) systems by 
WEF institutions and actors. Such interlinked 
technological systems will aim to deliver an 
inventory of WEF programmes, facilities, stake-
holders and hazards that are accessible in real 
time all levels of governance in order to facilitate 
timely and integrated decision-making.71 
However, due to lack of modern and interopera-
ble ICT systems, the sharing of vital information 
relating to the nature, scale, overall impact, bud-
geting and statistical data on the scope of WEF 
programmes is often difficult to access across 
sectors in Nigeria.72 The digitalization of govern-
ment processes and records in these and other 
key sectors has progressed very slowly in Nigeria, 
which makes it difficult to develop coherent 
response measures and frameworks that cut 
across sectors. Furthermore, as a recent mapping 
indicates, the reluctance of various government 
actors to disclose relevant information, due to 
internal confidentiality measures, means that ana-
logue modes of storing and processing relevant 

70 Dada (2012) 67–90.
71 Olawuyi (2020) 1–9.
72 Government of Nigeria (2017) 70–72; also Government 
of Nigeria (2020a) 71–75, which notes insufficient data as 
a barrier to the coordination of SDG efforts in Nigeria 
including in WEF sectors.
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information remain prevalent.73 The end result is 
that upscaling ICT systems to enhance system 
modernizations and interoperability has not 
received sustained funding over the last several 
years. The COVID-19 pandemic has particularly 
highlighted the low level of ICT deployment in 
key government functions in Nigeria and the 
need to address this gap in order to improve the 
abilities of stakeholders in WEF sectors to better 
respond to future pandemics and disasters.74

The WEF nexus governance model provides a 
framework for mandating interoperability and 
information sharing across WEF sectors in order 
to enhance the timely and effective planning and 
delivery of urgently needed WEF projects. This 
will require interlinked information sharing plat-
forms and databases which will allow regulators 
across the three domains to access relevant infor-
mation on ongoing programmes and projects in a 
timely manner. Improving data sharing and 
interoperability across the WEF sectors should 
begin with an investigation of system moderniza-
tion opportunities that exist to improve data col-
lection and information sharing in the most 
effective and efficient way. Furthermore, govern-
ments and regulators will need to urgently allo-
cate the required budgetary allocation and 
funding to accelerate investment in modern ICT 
infrastructure across the WEF domains.

13.3.2.4  Capacity Questions
Underlying the concerns relating to lack of open 
and interlinked information sharing system is 
dearth of technical capacity needed to coherently 
apply and interlink investment, human rights and 
environment and agricultural law regimes.75 In 
Nigeria, for example, agriculture, water and 
human rights institutions continue to function 
separately without clear and in-depth consider-
ation of the intersections and linkages of how 
water and agricultural projects may affect human 

73 Olawuyi and Tubondenyefa (2018) pp. 1–25.
74 Olawuyi and Nalule (2020).
75 Manrique Gil and Bandone (2013) pp. 3–12 identifying 
weak institutional capacity as a key reason for the viola-
tion of human rights across Africa pp. 3–12.

rights and vice versa.76 The lack of institutional 
coordination is often fuelled by the absence of a 
formal agenda or obligations to collaborate 
between actors, the lack of fluid programmatic 
activity between agencies and ministries, the lack 
of a coherent agenda between human rights and 
investment interest groups, the unwillingness by 
actors to collaborate across sectors and the 
absence of training and capacity to do so.77 In 
Nigeria, for example, investment treaties are 
negotiated by the Ministry of Foreign Affairs 
which is largely comprised of diplomats, with 
little or no expertise on agriculture, water, envi-
ronment, justice and human rights issues. Without 
cross-sectoral participation or linkage with rele-
vant stakeholders, the end result is that the result-
ing investments may fail to adequately respond to 
complex land allocation and human rights puz-
zles that may result across the WEF sectors.

There is a need for increased training and 
capacity development across key sectors in order 
to enhance the abilities of responsible authorities 
to understand and implement WEF thinking. In 
addition to exposing key stakeholders to training 
on water, energy, food and human rights, there is 
a need for staff exchange and development of 
complimentary roles and functions in order to 
increase interoperability and coordination.78 
Fostering institutional coordination and construc-
tive engagement between stakeholders in foreign 
investment, food, agriculture, energy and human 
rights ministries and agencies, can advance coher-
ent implementation of programmes and projects 
to advance the SDGs.  A multistakeholder 
approach to WEF management can enable rele-
vant agencies and communities  to identify joint 
initiatives and projects that  can be effectively 
designed, financed and implemented together is a 
holistic way.

The above challenges underscore practical 
and on-the-ground challenges that stifle WEF 
nexus governance and overall progress in the 

76 Government of Nigeria (2017) 70–72; Government of 
Nigeria (2020a) pp.  43–45; also Olawuyi and 
Tubondenyefa (2018) pp. 1–25.
77 Ibid.
78 See Olawuyi (n.1).
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realization of the SDGs on water, energy and 
food in Nigeria, as is the case in many other 
developing countries. The next section offers rec-
ommendations on how challenges to WEF nexus 
governance can be addressed through dynamic 
and innovative governance reforms.

13.4  Advancing Responsible 
Investment in Food, Water 
and Energy Sectors

The above gaps that hinder the advancement of 
WEF governance, especially human rights con-
cerns, capacity and infrastructure deficit, discor-
dant legislations and institutional isolation on 
energy, food and water investments, continue to 
exacerbate fragmentations and overlap in the 
implementation of WEF investments in Nigeria 
and in several West African countries.79 Without a 
nexus governance approach, with human rights at 
its core, investment and projects designed to 
advance SDGs on water, energy and food may 
exacerbate scarcity of these resources and pro-
duce complex human rights violations. Lack of 
policy integration will not only compound WEF 
security problems on a grand scale but also frus-
trate concerted efforts to attain associated SDGs 
and increase other protracted WEF-related crises 
at regional and international levels caused by 
migration. A nexus governance approach requires 
that when implementing WEF development proj-
ects and investments, due care must be taken to 
ensure a holistic consideration of the  implications 
of such projects in the context of promoting sus-
tainable development across all sectors. The core 
philosophy behind a nexus governance approach 
is that the long-term feasibility and profitability 
of any investment activity are tied to multiscale 
social, environmental and economic advance-
ment and to address adverse impacts; one must 

79 See Lammers (2020) and also UNCTAD (2017), stating 
that there is fragmentation of the international legal gover-
nance system for investment more broadly.

consider those factors at an initial stage so as to 
avoid shortfalls.80

Accordingly, clear and comprehensive regula-
tory frameworks are required to address the mul-
tidimensional implications of WEF investments 
and projects on human rights, local communities 
and livelihoods. Firstly, appropriate attention is 
required by investors and host states alike to 
ensure that water, energy and agricultural expan-
sion projects and activities aimed at advancing 
WEF security clearly integrate and reference sus-
tainable development standards in areas such as 
business and human rights, corporate social 
responsibility (CSR), labour, environment and 
anti-corruption, amongst others. For example, a 
new generation of international investment agree-
ments (IIAs) and bilateral investment treaties 
(BITs) is emerging that clearly reference and 
integrate these often-neglected social standards.81 
By incorporating international standards and 
norms on human rights into investment treaties in 
WEF sectors, parties can avoid complex disputes 
and protests associated with isolated investment 
treaties that neglect the livelihoods and rights of 
local communities. Furthermore, as international 
law relating to business and human rights contin-
ues to evolve, reforms designed to better improve 
local conditions in investment communities are 
bound to emerge. It is therefore imperative for 
countries to integrate fair and equitable contrac-
tual mechanisms that can allow the state to update 
domestic WEF laws, especially on human rights, 
labour and CSR, without triggering treaty viola-
tions. Equilibrium clauses that allow both parties 
to renegotiate the agreement, in cases of human 
rights violations, will need to be integrated into 

80 See PRI (2020), stating that ‘investment policies should 
promote and facilitate the observance by investors of 
international best practices and applicable instruments of 
responsible business conduct and corporate governance’.
81 For example, Burkina Faso-Canada BIT (2015); 
Colombia-Panama FTA (2013) which clearly reference 
‘internationally recognized standards’ on labour, environ-
ment, human rights and anti-corruption. See also 
Morocco-Nigeria BIT (2016), EFTA-Georgia FTA 
(2016), CETA (2016) and Bosnia and Herzegovina-EFTA 
FTA (2013) which reference SDGs and corporate 
governance.
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BITs and IIAs in order to avoid costly project 
delays, protests and investor-state arbitrations.

Secondly, steps must be put in place to ensure 
that all stakeholders that may be impacted by an 
investment activity are given transparent and ade-
quate opportunities to take part in, and influence, 
decision-making processes leading to the adop-
tion of investment treaties. BITs and IIAs can 
require the host state to demonstrate that the free, 
prior, informed consent of the stakeholders that 
can be impacted by the treaty has been obtained. 
Furthermore, investors should expressly commit 
to providing frequent, timely and detailed report-
ing on how environmental standards are applied 
in project approval, construction and operations 
and closure or decommissioning all through the 
entire life cycle of the project. In addition to con-
ducting EIAs and HRIAs prior to the commence-
ment of the investment activity, such assessments 
should be conducted with the active engagement 
of the public concerned. Besides environmental 
impact assessments (EIAs), social impact assess-
ments (SIAs) should be conducted so as to foster 
acceptance and trust between local communities 
and WEF-related projects. Doing so will forestall 
the likelihood of community protests, sabotage 
and other security-related problems as the host 
communities are more likely to see themselves as 
key stakeholders in the WEF projects.82

Thirdly, ensuring coherence in the design and 
implementation of investment treaty provisions 
on energy, food and water will require the inte-
gration of relevant bodies and agencies. To 
advance institutional coordination and coopera-
tion in the design and implementation of pro-
grammes, projects and policies across relevant 
sectors, gaps to information exchange, resource 
sharing and interoperability must be carefully 
examined and addressed. This can be done by 
establishing a joint committee or task force that 
will coordinate knowledge, expertise and infor-
mation sharing across the sectors.83 For example, 
such a coordinating body with a wide range of 
sectoral experts can be involved in the process of 
treaty negotiation, as well as in key phases of 

82 Lindsay and Kirkpatrick (2019) 113.
83 See Olawuyi, note 1.

project approval and implementation. Similarly, 
enhancing cross-sectoral access to relevant proj-
ect data through data sharing platforms can help 
the relevant actors to detect conflicting projects, 
rules and procedures.

Furthermore, to reduce administrative bureau-
cracies and bottlenecks that delay project imple-
mentation, WEF institutions at domestic levels 
will need to pool resources together through 
multi-stakeholder planning approaches. 
Achieving this will require the establishment and 
empowerment of compliance committees and 
review teams who would be responsible for 
approving projects and monitoring compliance 
across WEF sectors. Such monitoring institutions 
must be independent and should not be easily 
influenced by governmental interests or pressure, 
for example, through a monitoring committee or 
expert review team who would inspect project 
locations to ensure that projects are being exe-
cuted based on approved guidelines and method-
ologies. Such review institutions should be 
equipped with the resources to perform spot 
assessments, fact-findings and investigations, 
such that they can gather first-hand information 
on the true impacts of the investment activity on 
water, food and energy projects and how they 
affect human rights and other sustainability 
issues of host communities. One issue that must 
be considered is the problem of governmental 
repression through withholding of funds required 
to enable such institutions carry out their func-
tions at an optimal level. It is recommended that 
funding for such institutions should be separate 
from state executive budgets in order to ensure 
independence.

Fourthly, investment in research and develop-
ment on water, energy and food infrastructure 
and technologies is required to fill the infrastruc-
ture deficit across WEF sectors. Across West 
Africa, infrastructure for gathering statistical 
data on water, energy and food is mostly lacking 
and, where present, is in dilapidated conditions. 
This makes management and accountability of 
WEF resources difficult or almost impossible. 
This problem is typically institutionalized in 
African countries which relegate basic human 
rights needs such as water and food from the 
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realm of human rights to making them mere 
directive principles of state policy which are non- 
justiciable, thereby creating room for poor gov-
ernment funding and lack of sustained 
implementation.84 Hence, there is the need for 
deliberate and committed funding for infrastruc-
ture development as well as sustained legal and 
institutional framework insulated from regime 
change and neglect. However, this can only be 
achieved if foundational legislation relating to 
WEF needs is viewed from the human rights lens 
and constitutionally recognized, such that citi-
zens can have greater legal authority and safe-
guard to demand for greater investment in WEF 
infrastructure projects. Sustained funding on 
research in WEF sectors can improve the avail-
ability and reliability of statistical data needed to 
improve policymaking and interoperability 
across WEF sectors which will accelerate prog-
ress on the SDGs.

13.5  Conclusion

The attainment of sustainable development, and 
all of the SDGs, will be impossible without water, 
energy and food security. There is therefore an 
urgent need for improved governance of WEF 
resources in order to coherently address multi-
scale threats to their availability, affordability and 
accessibility. The WEF governance approach 
provides a framework for interlinking invest-
ments, legislation and policies relating to WEF to 
accelerate sustainable development and reduce 
adverse human rights impacts. To ensure that 
WEF governance approach moves from theory to 
successful practical integration and adoption, 
fragmented legal structures, inadequate 
 institutional coordination, weak technological 
infrastructure and capacity gaps that stifle the 
development and application of hybrid and linked 
rules, procedures and processes across the sectors 
will have to be comprehensively addressed.

Partnership is required across all levels of 
governance in order to meet the urgent sustain-

84 See, for example, Chapter II, Constitution of the Federal 
Republic of Nigeria (1999) (as amended).

ability threats in critically important WEF sec-
tors. Governments, institutes and consumers 
must build relationships that are based on mutual 
trust, resource exchange and development of 
scalable programmes that reduce role duplication 
and conflictive overlaps. One common factor is 
that investment in innovation and technical sup-
port is vital so that a range of solutions can be 
developed by WEF actors. However, this can 
only happen if the approach is turned into actions 
through sustained funding and investment in 
research, development and innovation pro-
grammes to accelerate the digitization and 
interoperability of key institutions.
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14The Food-Water-Renewable 
Energy Nexus Resource Security 
Examples for Asia-Pacific Cities

K. M. Nazmul Islam and Steven J. Kenway

Abstract

Population growth, economic development, 
and climate change pose critical challenges to 
water, energy, and food security of the cities in 
emerging nations of the Asia-Pacific region. 
The unprecedented urbanization growth in the 
Asia-Pacific region during the past century 
has triggered the need for food-water-energy 
nexus thinking in cities. The biggest 100 cities 
of the Asia-Pacific region together are contrib-
uting annually around 20% of global gross 
domestic product (GDP) and 29% of GDP 
growth. Over half of the populace of this Asia- 
Pacific region will be living in cities by 2025. 
Asia-Pacific region cities will need to increase 
their food supply by 77% by 2050, and conse-
quently, water and energy consumption will 
increase. This chapter deals with the food- 
water- renewable energy nexus in some Asia- 
Pacific cities. The interaction of Sustainable 

Development Goals (SDGs) and food-water- 
energy nexus with a focus on renewable 
energy is mentioned first. The status and prog-
ress of renewable energy use for water, energy, 
and food are then reviewed. Recent research is 
highlighted, and key challenges and opportu-
nities such as fragmented and inconsistent 
policies are discussed. We conclude that cities 
need to make decisions to ensure integrating 
renewable energy for the city-level water- 
energy- food nexus, and achievement of SDGs, 
such as sustainable cities and communities 
(SDG 11) and climate action (SDG 13).

Keywords

Sustainable investment · developing countries 
· WEF nexus · Climate change · Human rights

14.1  Introduction

The food system is an interconnected process of 
agricultural production, food processing and 
transportation, preparation and cooking, and dis-
posal. Throughout this system, water and energy 
are interconnectedly consumed. For example, 
energy is used for (a) irrigation in the agriculture 
phase; (b) water heating, cooling, sterilization, 
softening, and wastewater treatment in the food 
processing phase; and (c) cooking and dishwash-
ing at the household (Islam et al., 2021).
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Why a nexus approach is 
needed?
“Water development and management programmes, if planned properly, 

can serve multiple functions, from contributing to energy and food 

production to helping communities adapt to climate change. A nexus 

approach to sectoral management, through enhanced dialogue, 

collaboration and coordination, is needed to ensure that co-benefits and 

trade-offs are considered and that appropriate safeguards are put in 

place”

UN World Water Development Report 2014 Vol.1.

 

Awareness about this linkage among water, 
energy, and food system is growing; it is now 
widely established that one sector-oriented pol-
icy would inadvertently affect others (say, 
national desalination policy can increase the 
national energy consumption) (Kenway et  al., 
2019a). Hence, to ensure strong sustainability 
along the food system globally, there is a need to 
act and take decisions through integrated 
approaches due to rising food demand from pop-
ulation, economic, and consumption growth 
(Yuan et al., 2021). We need to ensure a balance 
among the water-energy-food systems and differ-
ent goals and interests of associated 
stakeholders.

The notable growth in urbanization around 
the world during the past century has provoked 
the need for water-energy-food nexus thinking 
in cities. The number of people living in cities 
has increased by four times during the last 
60 years. Around 57% of the global population 
now live in the urbanized area compared to 
around 15% in 1900 and 34% in 1960. By 2050, 
it is projected to reach 68% (Ritchie & Roser, 
2018). It took 25 years (1960–1985) to reach the 
urban population of 1–2 billion, while it took 
12 years (2003–2015) for reaching 3–4 billion 
urban population (Satterthwaite, 2020). This 
growth of urbanized people is a major challenge 
to ensure environmental sustainability, making 
the study of the water-energy-food nexus impor-
tant for climate- friendly food systems in cities 
and increasing resource efficiency (Islam et al., 
2021).

Understanding the renewable energy use in 
the context of the water-energy-food nexus in cit-
ies is important for addressing the global chal-
lenge of climate change mitigation (Kennedy 
et al., 2015). Utilizing renewable energy use for 
food systems (agriculture, industrial food pro-
cessing, and cooking as residential end use) is 
particularly critical for large cities, due to their 
sheer size and complexity (Scott et  al., 2015). 
Here, we have discussed the water, energy, and 
food flows of some selected Asia-Pacific cities. 
City-scale correlations are discussed, followed 
by renewable energy perspective in Sustainable 
Development Goals (SDGs). To show the prog-
ress of renewable energy use for water, energy, 
and food, we discussed the renewable energy use 
progress and targets, as well as supporting targets 
at the city scale in the selected Asia-Pacific cities. 
Finally, the challenges and opportunities of water, 
energy, and food nexus focusing on renewable 
energy for holistic resource security are 
highlighted.

14.2  Food-Water-Energy Flows

The selected 18 cities covering high-income, 
upper-middle-income, and lower-middle-income 
emerging nations in the Asia-Pacific region had a 
combined population of 241.5 million in 2016, 
equal to 3.25% of the global population (7.424 
billion). Their combined gross domestic product 
(GDP) was USD 4.063 trillion in 2016, which 
was higher than the population percentage, at 
5.33% of global GDP (USD 76.16 trillion) 
(Table 14.1).

The per capita food consumption in the cities 
of high-income countries of the Asia-Pacific 
regions ranged from 11,720 to 13,470 kJ/person/
day, in comparison with the global average of 
12,300  kJ/person/day in 2015 (FAO, 2003). In 
the cities of the upper-middle-income category, 
the range was 10,630–12,510 kJ/person/day, and 
for the lower-middle-income category, the range 
was 9500–11,630  kJ/person/day (Table  14.1). 
The estimated total water use in 2016 of the 
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selected Asia-Pacific cities was 29,296 GL, 
which is about 1.5% of global water use (2.6 mil-
lion GL) (FAO, 2021). The highest water con-
sumption was in Shanghai (5423 GL with a 
population of 24.5 million), followed by Beijing 
(4508 GL with a population of 21.3 million), 
Tokyo (4325 GL with a population of 38.2 mil-
lion), Mumbai (3550 GL with a population of 
21.4 million), and Delhi (3383 GL with a popula-
tion of 26.5 million). Although Tokyo is the larg-
est megacity, with around 38 million people, its 
water consumption is surpassed by Shanghai and 
Beijing. To give those numbers a perspective, let 
us consider the Wivenhoe Dam (Queensland, 
Australia), which can hold 1165 GL of water at 
the full supply level. So, the annual water con-
sumed in Shanghai, Beijing, and Tokyo is around 
4–5 times higher than the water-holding capacity 
of Wivenhoe Dam (Queensland, Australia) at the 
full supply level.

The direct energy consumption of these 18 
cities was 14,560 PJ, which is ∼4% of global 
energy consumption (393,892 PJ) (IEA, 2021), 
whereas the embodied energy consumption can 
be 3–4 times higher than the direct energy con-
sumption (Long et  al., 2017). Annual energy 
consumption in these cities for 2016 ranges 
from 22 PJ for Kathmandu (population 1.4 mil-
lion) to ∼2776 PJ for Shanghai (population 
24.5 million). Similar to water, energy con-
sumption in Tokyo is surpassed by Shanghai 
and Beijing. Three other cities  – Melbourne, 
Singapore, and Seoul  – consumed annually 
higher than 800 PJ energy. As an example, an 
oil supertanker can hold about 12.2 PJ of oil 
(Kennedy et al., 2015). So, Shanghai consumes 
the energy equivalent to one supertanker in 
around 1.8  days, whereas for Melbourne, the 
energy consumption is equivalent to one super-
tanker in about four days. Direct and indirect 
energy inputs at different stages of the food 
sector globally are around 24% (95,000 PJ/
year) of total global energy consumption in 
2015 (Ferroukhi et  al., 2015). So, considering 
that in these 18 Asia-Pacific cities, direct and 
indirect energy inputs at different stages of the 
food sector were around 3495 PJ.

14.3  City-Scale Analysis of Food- 
Water- Energy Flows

Per capita water use in the selected cities of the 
Asia-Pacific region ranges from 31,025 liters/
person/year for Kathmandu to 221,337 liters/per-
son/year for Shanghai. It is notably higher in 
Shanghai, Beijing, Mumbai, and Delhi when we 
compared water use with dietary inputs. Given 
the total water use, the highest user is in Tokyo, 
Shanghai, Beijing, Mumbai, and Delhi than in 
the other selected cities of the Asia-Pacific region 
when we compared the water use with dietary 
inputs (Fig.  14.1a). Interestingly, cities of the 
high economic country, such as Sydney, 
Melbourne, Singapore, and Seoul, are compara-
tively high water efficient than in the other 
selected cities of the Asia-Pacific region, when 
we compared the water use with dietary inputs 
(Fig. 14.1a). The high water use efficiency is per-
haps because these cities are highly invested in 
water governance, monitoring, and associated 
efficiency schemes. For energy, the opposite pat-
tern is overserved. Cities of high-economic coun-
tries, such as Sydney, Melbourne, and Singapore, 
are comparatively less energy efficient than in the 
other selected cities of the Asia-Pacific region 
when we compared the energy use with dietary 
inputs (Fig. 14.1d).

There is a positive correlation among food, 
water, and energy consumption at the city scale 
for the selected cities of the Asia-Pacific region. 
The causes of cities of high economic countries 
such as those of Sydney, Melbourne, Tokyo, and 
Singapore suggest that energy consumption with 
the increase in food consumption will likely to 
increase in the cities of the low-income and 
middle- income country tremendously.

14.4  Food-Water Renewable 
Energy Perspective on SDGs

The Sustainable Development Goals (SDGs) 
were introduced during the Rio + 20 Conference 
of the United Nations in 2012 (Dincer, 2000). 
SDG 7 is focused on access to affordable, reli-
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Fig. 14.1 City-scale analysis of water-energy-food con-
sumption in the selected cities of the Asia-Pacific region. 
(a) Direct water flow vs. total dietary inputs to the city. (b) 
Per capita water flow vs. per capita dietary inputs to the 

city. (c) Direct energy flow vs. total dietary inputs to the 
city. (d) Per capita energy flow vs. per capita dietary 
inputs to the city. (Source: Authors based on the Table 14.1 
data)

able, sustainable, and modern energy with three 
targets: (i) ensuring universal access to energy 
services (SDG 7.1), (ii) increasing the share of 
renewables in the energy mix (SDG 7.2), and (iii) 
improving energy efficiency (SDG 7.3). While 
SDG 6 is focused on ensuring availability and 
sustainable management of water and sanitation 
for all, SDG 2 is focused on ending hunger, 
achieving food security, improving nutrition, and 
promoting sustainable agriculture. These three 
SDGs are interconnected, for example, to meet 
the food security target (SDG 2); our society also 

needs to comply with the sustainable water target 
(SDG 6) and clean energy target (SDG 7). The 
same interconnection exists between SDG 6 and 
SDG 7 (Fig.  14.2). Hence, to achieve those 
SDGs, nexus consideration is obvious (Gupta, 
2017).

One of the key aspects of SDG 7 is renewable 
energy, and the use of renewable energy to ensure 
food security (SDG 2) and sustainable water and 
sanitation (SDG 6) is critically important for SDG 
11 (sustainable cities and communities), SDG 12 
(responsible consumption and production), and 
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Fig. 14.2 Interconnection of food, water, and energy and direct benefits of renewable energy integration for this inter-
connection on SDGs. (Source: Authors)

SDG 13 (climate action). Globally, energy 
demand will be doubled by 2050, while water and 
food demand rise will be over 50%. Most of this 
growth will be in the cities, and in particular, the 
growth will be in Asia and African regions (FAO, 
2014). Given these challenges, cities around the 
world should make a balance among the compet-
ing needs for limited resources considering the 
greatest global threat of climate change. 
Renewable energy utilization can play a central 
role to overcome these challenges and in achiev-
ing the SDGs mentioned above.

The available renewable energy technologies 
can provide a cost-effective and sustainable sup-
ply of energy. The rapid growth of renewable 
energy technologies can also initiate sustainable 
changes in the water and food sectors due to sub-
stantial spillover effects. Eventually, such 

changes will influence SDGs 11, 12, and 13. For 
example, the diffusion of renewable energy tech-
nologies will reduce 20% of power generation- 
related water withdrawals globally by 2030. 
Power generation-related water withdrawals will 
be reduced by about 50% in the UK from solar 
photovoltaic- and wind energy-based electricity; 
more than 25% in the USA, Germany, and 
Australia; and over 10% in India by 2030 
(Ferroukhi et al., 2015). Water will be also acces-
sible for domestic and agricultural purposes 
because of renewable energy technologies (say, 
renewable energy use for irrigation), thus decou-
pling the growth in the water and food sector 
avoiding fossil fuels (FAO, 2017). Renewable 
integration along with the food system can 
improve efficiency and productivity, and the agri- 
food sector can contribute further to bioenergy 
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development from agricultural residues and food 
wastes (Berardy and Chester, 2017; FAO, 2017). 
This in turn will help toward reducing poverty 
(SDG 1) by transforming rural economies, 
enhance energy security (SDG 7), and contribute 
to other SDGs, such as SDGs 11, 12, and 13.

14.5  Food-Water-Renewable 
Energy Nexus: Status 
and Progress of Renewable 
Energy Use

The population of the Asia-Pacific region is now 
about 4.5 billion, and urbanization is increasing 
with on average 3% annual growth of urban pop-
ulation. This urbanized population growth leads 
to the increase in energy demand in the cities of 
this region due to associated growth in food con-
sumption, industrial production, and transport. In 
the Asia-Pacific regions, countries under the 
high-income category showed higher levels of 
per capita energy consumption (UNESCAP, 
2018). In this region, fossil fuel still dominates 
the final energy consumption (more than 50%). 
When traditional biomass is excluded, the mod-
ern renewable share is growing, but still low 
(Fig. 14.3). Electricity generation in this region is 
largely from coal-based power plants, which rep-

resents more than 50% of the total power genera-
tions (UNESCAP, 2019).

Traditional cooking fuel and technology are 
still dominant in the Asia-Pacific region because 
still around 2.1 billion people (around 47% of the 
total population) rely on it. Traditional cooking 
fuels such as wood, dung, and charcoal are domi-
nant in the rural areas of this region (UNESCAP, 
2018). In 2016, countries such as Australia, 
Japan, Malaysia, New Zealand, Singapore, and 
South Korea had 100% clean cooking  (electricity, 
LPG (liquefied petroleum gas), natural gas, and 
biogas) access rates. The regional rate of access 
to clean cooking was around 53%. In some of the 
middle-income countries (say, China and 
Indonesia), clean cooking access rate was around 
60%, but for other low-income countries in this 
region, the access rate is around 30–40%, well 
below the pace required to achieve universal 
access by 2030 (Fig.  14.4). In the Asia-Pacific 
region, which does not have 100% access to clean 
cooking fuel (electricity, LPG, natural gas, and 
biogas) at the country level, clean cooking fuel 
comparatively dominates in the urban areas 
(Fig. 14.5).

Cities of the high-income countries in this 
region demonstrated priority for energy effi-
ciency and the use of renewable energy, as indi-
cated by the declaration of national- and city-level 

Fig. 14.3 Final energy consumption (in TJ) in Asia-Pacific region by product in 2018. (Data source: IEA, 2021)
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Fig. 14.4 Population percentage with access to clean cooking in selected Asia-Pacific countries, 2016. (Data source: 
UNESCAP, 2018)

Fig. 14.5 Cooking fuel mix in the urban areas of selected Asia-Pacific countries, 2016. (Data source: UNESCAP, 
2018)

targets (UNESCAP, 2019). Those targets have a 
different perspective, such as some of the cities 
have declared renewable energy targets and poli-
cies and some other declared net-zero targets 
(Fig. 14.6). Again, these targets can be classified 
based on their scale and focus, such as city-wide 
and city authority operation or both (Fig. 14.7).

Thirteen cities of Australia declared renewable 
energy targets and policies, and 11 of them have 
100% renewable energy targets. Out of these, 
Adelaide, Sydney, and Newcastle have achieved 
the targets of 100% of renewable energy for 

municipal operations as of 2020. In comparison 
with renewable energy targets, nine cities in 
Australia have other targets such as net-zero 
(Fig.  14.6), which can influence the renewable 
energy use at the city level. Cities in Australia and 
New Zealand have also other enabling targets 
influencing renewable energy at the city level. As 
an example, 114 municipal governments in 
Australia and New Zealand had declared a climate 
emergency by the end of 2020 (REN21, 2021).

Net-zero targets in 103 cities of Japan are 
declared by the end of 2020  in comparison 
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Fig. 14.6 Number of cities with the net-zero target, renewable energy target, and policies in 2020 of selected Asia- 
Pacific cities. (Data source: REN21, 2021)

Fig. 14.7 Number of cities with renewable energy target and their scale in 2020 of selected Asia-pacific cities. Cities 
of Table 14.2 are shown with red color on the map. (Data source: REN21, 2021)

with the 800 cities around the world (REN21, 
2021). So, compared to other cities in the Asia-
Pacific region, Japanese cities are more focused 
on the enabling environment that will influence 
renewable energy use at the city level. However, 

11 cities have also renewable energy targets 
and policies, and 6 of them have a 100% renew-
able target (e.g., Fukushima, Kuzumaki, 
Takarazuka, Tokyo, Yokohama, and Yusuhara) 
(Fig. 14.6).
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In China, most of the city-level targets and 
actions are following the country’s commitment 
to carbon neutrality by 2060. Six cities (e.g., 
Dalian) have net-zero targets as of 2020; there are 
also other targets such as climate neutrality by 
2050 in Rizhao. In Chinese cities, there are some 
measures to popularize solar heating systems. As 
an example, suitable new residential buildings 
with less than 12 floors in Luanzhou need to 
install a solar water heating system. Building 
higher than 12 floors can install solar water heat-
ing system up to the 12th floor. In addition, solar 
district heating systems are also commissioned in 
some of the cities (e.g., Shenzhen, Zhongba, and 
Saga). The country also introduced a geothermal 
heating system at the city level (e.g., Fengxi City) 
(REN21, 2021).

Jakarta in Indonesia is also committed to 
deploying 30% renewables for its power mix by 
2030 (UNFCCC, 2021). Jakarta and Balikpapan 
cities have also net-zero target by 2050 
(Table 14.2). Renewable energy use in the trans-
port sector in the cities (five cities) of South 
Korea is highlighted with renewable energy tar-
gets and policies (Figs. 14.6 and 14.7). Only two 
cities in South Korea have a net-zero target (e.g., 
Dangjin-si and Seoul) (REN21, 2021).

The low-income countries of the Asia-Pacific 
region are also progressing toward the use of 
renewable energy in the cities, but not at the pace 
of high−/middle-income countries. For example, 
India launched a smart city program in 2015. The 
target is to increase solar power generation capac-
ity in an urban area. Solar PV and solar water 
heater mandates are growing in several cities, for 
example, in 2009, the Bangalore municipal util-
ity company started to deny electricity grid access 
to households not equipped with solar water heat-
ers. As a result, 1234 million m2 of solar collector 
area was installed across the city as of 2017. A 
similar approach is followed in cities across 
Karnataka, and now it is the leading Indian state 
for solar water heaters (REN21, 2021). Only 
three cities (e.g., Kolkata, Chennai, and Delhi) in 
India set net-zero targets for 2050. In comparison 
with India under the low-income country of the 
Asia-Pacific region, some other countries are also 

introducing enabling environment like net-zero 
targets at the city level, which will influence the 
renewable energy in their cities. For example, 
Dhaka (Bangladesh), Karachi (Pakistan), and 
Quezon City (Philippines) already set net-zero 
targets (Table 14.2).

14.6  Food-Water Renewable 
Energy Nexus: Research 
Gaps in the Asia-Pacific

China and Australia in the Asia-Pacific region are 
the leading countries of water-energy implication 
assessment within the water, energy, and food 
nexus research arena. China and Australia have 
conducted most studies in this research arena 
representing 17% and 15% of the total nexus 
studies, respectively, after the USA (Islam et al., 
2021). The drivers that influenced such nexus 
research in China are (i) analyzing the challenges 
and opportunities of WrE consumption reduction 
for agricultural water supply (Zhao et al., 2018), 
(ii) analyzing the sustainable development chal-
lenges due to uneven energy and water distribu-
tion (Wang et al., 2018), and (iii) analyzing the 
integrated water and energy sectoral planning 
opportunities (He et al., 2019). In China, among 
the nexus research, energy assessment for water 
use, such as for irrigation in the agriculture phase 
(Zhao et  al., 2018) and industrial process (Gao 
et al., 2019), is notable.

The drivers of water, energy, and food nexus 
assessment in Australia are (i) achieving water 
security rather than energy security because of 
drought conditions (Kenway et al., 2011) and (ii) 
analyzing the energy consumption from desalina-
tion (Kenway & Lam, 2016) and rainwater har-
vesting (Talebpour et  al., 2014). Energy 
implication of water use in Australia was much 
focused on residential hot water use (Kenway 
et al., 2019b), urban water supply (Kenway et al., 
2015), and rainwater harvesting (Siems & Sahin, 
2016). A few studies also quantified irrigation in 
the agriculture phase (Tyson et al., 2012).

A range of water, energy, and food nexus 
studies considered energy assessment and 
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associated GHG (greenhouse gas) emissions 
particularly for agriculture focusing on irriga-
tion (Benbi, 2018), urban water service (Valek 
et  al., 2017), residential end use (Chhipi-
Shrestha et al., 2017), and manufacturing sec-
tor (Chinese et  al., 2017). Technology 
utilization focusing on water provisioning ser-
vices by exploring the different combinations 
of technology at the city level is also explored 
(e.g., desalination plant, hydropower genera-
tion plant, water reclamation, algae production 
in wastewater pond, and gray water recycling) 
(Valek et al., 2017).

Historical change in energy consumption 
under food-water-energy nexus studies was 
mostly conducted for agriculture focusing on irri-
gation (Benbi, 2018) and urban water supply 
(Xie et al., 2018). Very few studies addressed the 
inter-regional flow of energy through the food 
trade (Ramaswami et  al., 2017). However, the 
economic implications of energy consumption 
were considered by only a few studies focusing 
on the residential user (Chini et al., 2016), urban 
water service (Walker et al., 2014), and irrigation 
water supply (Cremades et al., 2016).

So, China and Australia in the Asia-Pacific 
region have more focus on food-water-energy 
nexus research. The key driver that influenced 
such nexus research in these two countries is 
exploring integrated water and energy sectoral 
planning opportunities to solve the resource 
scarcity problem. Of the nexus research, most 
focus is given on analyzing energy implications 
for irrigation water, urban water supply, and 
residential hot water use. There exists a major 
research gap considering the technological (e.g., 
renewable energy use) and economical aspects 
of energy assessment of the food system focus-
ing on the food industry and cooking at the city 
scale. This gap needs to be explored because 
significant financial implications are associated 
with water and energy saving (Keairns et  al., 
2016). Also, the historical evolution of energy 
consumption in the food system at the city level 
and changes in interregional flow need to be 
explored to assess the impacts of water- or 
energy-oriented policy on sustainable food sys-
tem development.

14.7  Food-Water Renewable 
Energy Nexus: Challenges 
and Opportunities

The key challenges are (i) inherent complexity of 
interaction; (ii) lack of knowledge about feed-
back loop, rather than an integrated target; (iii) 
lack of partnerships; (iv) city governance system; 
and (v) individual sectoral target. All of these 
issues are briefly discussed here:
 (i) The inherent complexity of interaction: It is 

difficult to manage the interactions among 
water, energy, and food due to their inherent 
complexity and different stakeholder and 
regulatory authority involvement at differ-
ent levels. Attempt to deal with one compo-
nent of this complex nexus taking 
fragmentary approaches may lead to failure 
or unintended consequences in other com-
ponents (Kenway et al., 2019a).

 (ii) Lack of knowledge about feedback loop: In 
addition, there still exists a large uncertainty 
about the feedback loop (say, respond to 
change in renewable energy use in the food 
system) of the involved systems and across 
the sectors (Islam et al., 2021). The multi-
level feedbacks across the water, energy, 
and food sectors for renewable energy use 
are difficult to identify and manage.

 (iii) Individual sectoral target: In addition, each 
sector (water, energy, and food) has its own 
goals, targets, and national compliance pro-
cedures and key performance indicators 
(KPI). The whole water, energy, and food 
nexus system-oriented policy and strategy 
are still absent (Islam et al., 2021). Hence, 
there is a need to identify how one sector 
goal (say, vegetable-based diet recommen-
dation) can either facilitate or hinder the 
achievement of other sectors (say, water and 
energy efficiency improvement target) at the 
city level.

 (iv) Lack of partnerships: Fragmented, and 
sometimes inconsistent, policies often arise 
due to functional mismatches across sectors 
and stakeholders (Artioli et al., 2017). The 
key reason for such functional mismatches 
is often the narrow focus of the policymaker 

14 The Food-Water-Renewable Energy Nexus Resource Security Examples for Asia-Pacific Cities



272

on optimizing the benefits of one sector and 
overlooking the risks related to other sec-
tors. Integrated water, energy, and food 
nexus strategies are currently absent because 
policy development and implementation are 
fragmented among different government 
entities in the Asia-Pacific regions. Say, the 
agriculture department is focused on agri-
culture activities, the industrial department 
is focused on food industry-related activi-
ties, and the water and energy departments 
have their mandates. That is why, operation-
alization of the water, energy, and food 
nexus approach and renewable energy inte-
gration for this nexus will need streamlining 
interdepartmental strategies and policies 
(Ololade et al., 2017).

 (v) City governance system: Another major 
challenge is governance. The electoral cycle 
of the city-level government is often short 
enough to deal with complex issues of nexus 
management at the city level (Simpson & 
Jewitt, 2019). If there is no continuity of one 
city-level government, the successive gov-
ernments have their ideologies and commit-
ment (e.g., funding policies and institutional 
resource utilization) that hinder the advances 
of renewable energy use for water-energy- 
food nexus at the city level.

There is a huge opportunity to develop nexus 
thinking at the city level by promoting integrative 
and interdisciplinary research. The water-energy- 
food nexus at the city level is unique because of 
the inherent difference between cities. So, such 
research will inform the policymaker about the 
potential opportunities and synergies of renew-
able energy integration for the water-energy-food 
nexus at the city level. The research should focus 
on bridging this knowledge gap at the city level 
for integrated assessment and decision support 
systems by combining different data (say, water, 
energy, and food) and models to assess cross- 
sector impacts and analyzing the feedback loop.

Collaborative planning and multi-stakeholder 
dialogue should be encouraged to explore the 
synergies for renewable energy use for the food- 
water- energy nexus. For such planning, issues 
such as (i) risk of one sector policy to other 

 sectors (water, food, and energy), (ii) regulatory 
reformation for coherent policy, and (iii) water 
and energy footprints of food system business 
enterprises and solutions to minimize impacts 
need to be explored.

The city authority should create and strengthen 
partnerships between national, state, and local 
actors (say, water, energy, and food sector actors) 
to develop long-term urban resilience. In this pro-
cess, the city government system should utilize 
the big data sources (say, city-level input-out 
data, water balance, and energy balance data) to 
connect the hinterlands and the city communities. 
This will ultimately improve the local govern-
ment and city inhabitant’s sustainability literacy.

Finally, a holistic governance system needs to 
develop with shared strategic direction for a 
coherent cross-cutting policy at the city scale. 
The public needs to be engaged to drive the 
change and political commitment for nexus 
thinking at the city level. Hence, a reporting/
accounting system covering the full value and 
costs of water and energy across the city food 
system is needed. As discussed in Sect. 14.4, 
renewable energy use for the food-water-energy 
nexus can play a major role in achieving the 
SDGs through reduction of negative conse-
quences and externalities (e.g., economic, social, 
and environmental) and by increasing resource 
use efficiency. Though renewable energy use for 
food-water-energy nexus at the city level is still 
evolving, Asia-Pacific cities can benefit from an 
integrated strategy at the city level as a pilot 
basis, rather than dealing with the food-water- 
energy nexus challenges individually.

14.8  Conclusion

The economy, society, and environment of the 
Asia-Pacific region will be under tremendous 
pressure and challenges because of the additional 
1.2 billion urban residents by 2050 (UN, 2019). 
Cities should drive the action for climate change 
mitigation and sustainable development to ensure 
resource security. The sustainability of cities in 
Asia-Pacific will determine the future develop-
ment pathways in this region. More strategic 
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approaches as mentioned in the previous section 
are needed to overcome the mismatch between 
short-term and long-term planning for integrating 
renewable energy for food-water-energy nexus. 
Urban challenges in each city of the Asia-Pacific 
are unique. Hence, it is important to recognize 
them by analyzing the challenges mentioned in 
the previous section. Accordingly, their solutions 
should be developed by analyzing country- and 
local-specific scenarios. We conclude that city 
authorities should plan to finance and deploy 
resources by analyzing the key challenges men-
tioned in the previous section from local contexts 
to materialize multiple benefits, such as achiev-
ing clean energy target (SDG 7), while contribut-
ing to sustainable cities and communities (SDG 
11) and climate action (SDG 13).
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Abstract

Cities are prominent in the process of transi-
tion to sustainability due to their high concen-
tration of people and economic activities, 
which make urban centers large consumers of 
resources and large producers of waste. On the 
other hand, cities are centers of knowledge 
and fertile environments for innovation and 
creativity. The complexity of São Paulo’s 
megacity offers fertile ground for developing 
experiments and advancing the transition to 
sustainability through the establishment of an 
innovative system of governance, such as the 
Urban Living Lab (ULL). The ULL can be 
applied, for example, to identify local prob-
lems and knowledge gaps concerning the 

water, energy, and food nexus in cities, a con-
cept that addresses the complex interrelation-
ships between those elements to identify 
synergies and minimize trade-offs to ensure 
more efficient, equitable, and fair use of natu-
ral resources. In addition, the ULL promotes 
the co-production and creative dissemination 
of knowledge to drive change and achieve 
transformative paths to urban sustainability, 
while strengthening the relation between aca-
demia and society. In this chapter, we address 
the relevance of creating a space for the inter-
action of academic and nonacademic actors in 
cities to advance in the process of transition to 
sustainability and the insertion of the concept 
of the nexus in the policy sector as an impor-
tant element for the sustainability of cities. To 
do so, we approach the experience of the ULL 
in the GLOCULL project, a collaboration 
between scientists and actors from the munici-
pality of São Paulo, Brazil, exploring sustain-
able actions related to the nexus.
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15.1  Introduction

The socio-environmental challenges of the con-
temporary era are spreading in different domains 
and at different scales. Characterized by uncer-
tainties and complexities, these challenges 
demand responses and interventions that take 
into account the need for profound changes in the 
socioeconomic system, in the modes of produc-
tion and consumption in areas such as water, 
energy, agriculture, health, transport, and hous-
ing (Coenen et al., 2012; Markard et al., 2012). 
These necessary changes, interpreted as “socio- 
technical transitions,” involve multisectoral 
changes that require the participation of different 
actors. Such transitions do not just include tech-
nological innovations; they also require a general 
reconfiguration of policies, infrastructure, market 
dynamics, production, and consumption prac-
tices (Geels, 2004, 2011).

Cities have played an important role in the 
transition to sustainability due to their high con-
centration of people and economic activities, 
which make urban centers great consumers of 
resources and great producers of waste. On the 
other hand, cities are centers of knowledge and a 
fertile environment for innovation and creativity 
(Brescia & Marshall, 2016). The 2030 Agenda 
for Sustainable Development, for example, 
emphasizes the critical role of cities, with their 
diversity of projects and forms of management, 
as real physical spaces for the implementation of 
the 17 objectives proposed to address the most 
difficult problems that threaten the planet and 
humanity. It is no coincidence that SDG 11 is 
dedicated to cities, with the prospect of “making 
cities and human settlements inclusive, safe, 
resilient, and sustainable.” Moreover, the imple-
mentation plan for the New Urban Agenda estab-
lishes transformative commitments based on the 
social, economic, and environmental dimensions 
of sustainable urban development and is consid-
ered a tool to take advantage of urbanization as a 
transforming element (Frantzeskaki et al., 2017).

Particularly in megacities such as São Paulo, 
Brazil, the transition to urban sustainability 
requires different transformations that can be 
drivers of “radical” changes and contribute to 

sustainable “multidimensional” urban structures 
(McCormick et al., 2013). Governance and plan-
ning, innovation and competitiveness, lifestyle, 
and consumption are considered factors of 
change (McCormick et  al., 2013). On the other 
hand, management of resources such as water, 
energy, and food, mitigation and adaptation to 
climate change, and transport and accessibility to 
housing and public space are understood as sus-
tainable urban structures. A variety of studies 
have addressed the relationships between trans-
port, mobility, environmental issues, public 
health, and climate change (Banister, 2005; Dulal 
et  al., 2011; Jacyna et  al., 2017; Moriarty & 
Honnery, 2013) and, more recently, the water, 
energy, and food nexus (WEF nexus)  – crucial 
themes in the discussion on the transition to 
urban sustainability. The WEF nexus, for exam-
ple, is directly related to the increase in demand 
for resources by the population, mainly in the cit-
ies. This concept was conceived as an attempt to 
address the complex interrelationships that arise 
between water, energy, and food, at different 
scales, strengthening synergies between sectors 
and minimizing trade-offs to ensure more effi-
cient, equitable, and fair use of natural resources 
(Bazilian et  al., 2011; Hoff, 2011). Therefore, 
promoting actions addressing water, energy, and 
food sectors would be of great benefit for the sus-
tainability of cities (EC, 2006; Yuan et al., 2021).

The scholarship recognizes that the transition 
to urban sustainability requires dialogue and 
cooperation between academic and nonacademic 
actors. In this sense, cities are seen as ideal places 
to develop this relationship, since this jurisdic-
tion is where the closest proximity between the 
state and civil society takes place. The way in 
which these nonacademic actors (government 
and civil society) organize, interact, and make 
decisions – the so-called governance process – is 
a central element in the discussion on the transi-
tion to sustainability. It is this interaction, in fact, 
that allows transition experiments to be proposed 
and tested in order to promote transformational 
changes. Transition experiments also include 
those interventions based on existing efforts and 
actions, which make it possible to create new 
actions or guide transitions (Luederitz et  al., 
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2017). Although the idea of   promoting transition 
processes through experiments is not completely 
new, the concept of spaces (real or virtual) that 
facilitate experimentation and learning based on 
the participation and involvement of different 
actors can bring new possibilities both for aca-
demia, which focuses on different ways of pro-
ducing knowledge, and for other actors who 
benefit from the process of building solutions to 
concrete problems.

Some approaches, known as urban laborato-
ries (ULs), have been developed to foster the 
integration of different actors in the process of 
identifying problems and solutions for the sus-
tainability of cities. There are different types of 
ULs, including the Urban Transition Labs 
(Nevens et al., 2013), City Labs (Culwick et al., 
2019), Real-World Labs (Wanner et  al., 2018), 
and Urban Living Labs (Bulkeley et  al., 2016). 
All these UL approaches are temporary or per-
manent think tanks that understand society as a 
laboratory capable of identifying relevant solu-
tion paths. These labs share a common methodol-
ogy that promotes interactions between different 
groups of stakeholders and researchers with a 
focus on societal problem-solving in order to 
help municipalities to find multisectoral solutions 
in a dynamic and complex urban context, which 
significantly increases the chances for successful 
and sustainable urban development (Hansson & 
Polk, 2018; Lehmann, 2018; Wahl et al., 2021). 
Belcher et  al. (2016) conceptualized four key 
aspects of effective UL in order to produce trans-
ferable, useful information bridging different dis-
ciplines and science and society, namely, salience, 
credibility, legitimacy, and effectiveness.

The Urban Living Lab (ULL) is an instru-
ment of urban governance co-created by public 
institutions, civil society, research organiza-
tions, and the private sector, which facilitates 
experimentation and, therefore, the transition to 
sustainability (Bulkeley et  al., 2016). The set-
ting of a ULL provides an interactive platform 
to identify key issues affecting the locality and 
knowledge gaps, foster bilateral cooperation, 
and combine co- design, co-production, and co-
dissemination on the process of co-creation of 
knowledge and information to solve fundamen-

tal issues to achieve sustainability (Bulkeley 
et al., 2016; Mauser et al., 2013). The use of the 
ULL has enormous potential, especially as it 
accommodates the idea of   an experimental 
approach that aims to respond to the challenges 
of urban sustainability and provide necessary 
spaces that facilitate experimentation. However, 
the transition to urban sustainability through 
experiments requires that all participants in the 
experiments recognize the uncertainties as to 
the expected results, avoid unrecognized risks, 
be open to taking advantage of new learning 
opportunities, and prepare for change (Luederitz 
et al., 2017).

In this chapter, we seek to advance the discus-
sion on (a) the relevance of creating a space for 
the interaction of academic and nonacademic 
actors in cities to advance in the process of transi-
tion to sustainability and (b) the insertion of the 
concept of the WEF nexus in the policy sector as 
an opportunity for the sustainability of cities. To 
do so, we address the experience of engagement 
of academic and nonacademic actors that took 
place between the years 2018 and 2021  in the 
GLOCULL project  – “Globally and LOCally- 
sustainable food-water-energy innovation in 
Urban Living Labs” (Forum Belmont/Sugi/JPI) – 
a transdisciplinary research in seven ULL 
(Austria, Brazil, Germany, South Africa, Sweden, 
Netherlands, United States), which combined an 
integrated, model-supported assessment of local- 
global interactions in the WEF nexus. More spe-
cifically, we focus on the actions and dynamics in 
the ULL of the city of São Paulo, Brazil. The 
complexity of the megacity of São Paulo offers 
fertile ground for developing urban sustainability 
experiments, especially to move forward with the 
transition to sustainability through the establish-
ment of an innovative governance system, as pro-
posed by the ULL. This system enables dialogue 
between actors who, in general, still have few 
opportunities to debate and build a “safe space,” 
proposing and testing solutions that would not 
normally be considered. The proposal for a ULL 
can be extended, for example, to the discussion 
on the WEF nexus, expanding the possibilities of 
identifying key issues and knowledge gaps that 
affect the locality.
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15.2  The GLOCULL Project in São 
Paulo, Brazil

Recent analyses indicate a set of challenges in the 
city of São Paulo that still seriously affect com-
munities’ quality of life, such as river and soil 
pollution, lack of sanitation, traffic and noise, soil 
sealing with consequent impact on urban drain-
age, changes in microclimates (e.g., urban heat 
islands), loss of biodiversity, and impacts on pre-
cipitation and water production and storage 
capacity by reservoirs, among others (Bonduki, 
2011; Franco et al., 2015; Jacobi, 2006; Sepe & 
Pereira, 2015). These challenges are closely 
related to the inability of local governments to 
develop public policies and implement urgent 
actions to sustain the city’s growth process and 
carry out the most appropriate territorial planning 
(D’Almeida, 2016; Di Giulio & Vasconcellos, 
2014). This city is a major importer of resources, 
which results in the production of a large amount 
of waste and pollutants that put great pressure on 
the local environment, with high ecological foot-
print (Becker et  al., 2012). In this sense, São 
Paulo, as well as other large urban agglomera-
tions, relies on an unsustainable linear metabo-
lism and needs suitable strategies to guarantee 
water, energy, and food supply.

The Brazilian team of the GLOCULL project 
in São Paulo is based in the School of Public 
Health/University of São Paulo (FSP/USP), in 
collaboration with the São Carlos School of 
Engineering (EESC/USP), and integrates an 
inter- and transdisciplinary group, with postdoc, 
graduate, and undergraduate students as well as 
institutional actors from the local municipality. 
The aim of the project is to produce a participa-
tory assessment of the sustainability of ongoing 
actions in the rural south zone of São Paulo, ana-
lyzing the factors that determine the interdepen-
dence of the nexus systems and the dynamics of 
the territory. This peri-urban and rural area is 
considered strategic for water supply and energy 
and food production for the region, and it is home 
to more than 400 productive agricultural units 
with conventional and, more recently, organic 
production (Ligue os Pontos, 2020). It contains 
several environmental protection areas,  municipal 

natural parks, and indigenous lands, denoting the 
municipal effort for the environmental protection 
of this region.

A particular case of interest of the ULL, and 
one of the main initiatives in progress in the 
southern rural area of the city, is the project 
“Ligue os Pontos” (LoP or “Connect the Dots”). 
This initiative was conceived and coordinated 
through the Municipal Secretariat for Urbanism 
and Licensing of the city of São Paulo and sup-
ported by the Bloomberg Philanthropies since 
2016, when the LoP received the Mayors 
Challenge Latin America and the Caribbean 
awards, and officially ended in July 2021. The 
main goals of the LoP were to (i) contain urban 
sprawl in the south zone of São Paulo by main-
taining the farmers in the area (ii) promote sus-
tainable uses and agriculture, and (iii) preserve 
natural ecosystems. The project operated mainly 
on three fronts: (1) “data and evidence,” collect-
ing data and information about the farmers and 
agricultural properties in the region through a 
census and mapping; (2) “strengthening agricul-
ture,” bringing technical assistance to farmers to 
promote the transition to organic and agroeco-
logical agriculture and improve traditional tech-
niques; and (3) “value chain,” improving market 
access for farmers and seeking alternatives for 
better logistics between food production and 
distribution.

The ULL, specifically, worked with a focus on 
the activities supporting local agriculture, and 
contributed to these actions from a WEF nexus 
perspective, developing sustainability indicators 
that can capture the context of existing conflict 
and the potential responses to be given in the 
interface of these systems. The decision to 
develop the sustainability indicators was made by 
the actors involved at the beginning of the proj-
ect, especially as a necessity revealed by the 
practitioners involved in the municipality and in 
the LoP in producing new data to support local 
actions toward the promotion of better practices 
in agriculture and environmental protection. The 
connection of the researchers and the practitio-
ners came from previous partnerships in building 
indicators for the municipality, which helped the 
team to build this proposal collaboratively since 
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the beginning of the project (see Sect. 15.3 for 
further explanations in this sense).

Our ULL aims to contribute to these actions 
by bringing together several actors from aca-
demic and nonacademic sectors (e.g., representa-
tives from the Municipal Secretariat of Urbanism 
and Licensing, the Municipal Secretariat of 
Environment, the House of Ecological Agriculture 
of the District of Parelheiros, the Environmental 
Protection Areas, and the staff hired by the 
municipality for the LoP project). With a trans-
disciplinary approach (Bulkeley et  al., 2016; 
Mauser et  al., 2013), the ULL engaged actors 
through four main strategies: (i) interactive work-
shops, (ii) participation in meetings of the main 
municipal and local councils, (iii) scientific/tech-
nical meetings, and (iv) fieldwork in the study 
area.

The methodological procedure for the devel-
opment of the sustainability indicators included 
three main phases: (i) identification and mobili-
zation of local actors with interests in the south-
ern region of the city of São Paulo and meetings 
for executive planning and identification of previ-
ous knowledge and common goals, (ii) work-
shops to raise awareness of the WEF nexus and to 
build a model and set of indicators, and (iii) 
validation.

Overall, four activities/workshops were per-
formed to co-produce the sustainability indica-
tors. Workshops 1 (“WEF nexus”) and 2 (“flow 
and causal loop diagram”) were held to raise 
awareness of the WEF nexus concept among all 
the partners of the ULL and to identify the main 
opportunities and barriers regarding water, 
energy, and food in the south zone of São Paulo. 
For the water, energy, and food systems, aspects 
of sociopolitical, infrastructure, uses, logistics, 
source, natural resources, and production catego-
ries were identified. Workshop 3 (“first indica-
tors’ list”) was performed to work on the flows 
and causal loop diagram, which integrates the 
previously identified elements. Through the flows 
and causal loop diagram, the participants 
(researchers and practitioners) were able to iden-
tify a number of possible indicators. After this, 
the process of filling the indicators forms took 
into consideration several quality criteria to 

exclude some indicators. In workshop 4 (“sus-
tainability indicators”), participants added the 
indicators in a broader sustainability model 
(Pressure-State-Impact-Response – PSIR), which 
was chosen by the participants according to their 
own previous experience in using this model. 
This model was then presented to all the partici-
pants, who discussed if there was any missing 
information and if there were overlapping 
indicators.

15.3  Reflecting on the ULL 
Experience

15.3.1  Methodological Process

Data used to inform this chapter is based on 
reports of four workshops performed to co- 
produce sustainability indicators that took place 
between the years of 2019 and 2021 in São Paulo, 
transcripts of five personal interviews with prac-
titioners who work on urban, environmental, and 
agricultural issues in the municipality of São 
Paulo, and notes regarding experiences of the 
ULL’s researchers during the project. The col-
lected data was compiled and organized in five 
main topics, guided by themes in the discussions 
in this chapter: (i) features that facilitate the inte-
gration process, (ii) process of creation of space 
for interaction between actors, (iii) inclusion of 
the WEF nexus approach within the policy sector, 
(iv) barriers and difficulties of the integration 
process, and (v) opportunities created in the pro-
cess for future collaboration among the actors.

15.3.2  Features that Facilitate 
the Integration Process

While transdisciplinary studies acknowledge and 
incorporate multi-stakeholders’ perspectives and 
values, we recognize that aligning purposes, 
expectations, and efforts in a time frame is quite 
challenging, requiring substantial cooperation 
and ongoing adaptation. Previous experiences of 
cooperation among the stakeholders and their 
institutions, face-to-face practice time, and a 
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shared understanding of principles and chal-
lenges regarding co-production favor researchers 
and stakeholders to work together and ultimately 
reshape academic and management structures 
and operational procedures (Roux et  al., 2010). 
In this sense, the longtime and solid relationship 
between the University of São Paulo and the São 
Paulo City Hall, in fact, was a critical aspect that 
facilitated the initial negotiations and dialogues 
among the ULL participants. Many of the practi-
tioners who work at the City Hall and in the LoP 
have already attended or have been involved in 
several training courses provided by the univer-
sity. The School of Public Health, in particular, 
has a well-consolidated experience in offering 
applied courses focused on public health, sanita-
tion, and environmental and urban planning 
aspects. Some of the ULL participants have 
already attended a few of these training courses 
and have engaged in past research projects. Their 
experience of training, research, and learning was 
critical to the formation of a network, engaging 
academic and nonacademic actors in a range of 
experiments, which encouraged the practitioners’ 
engagement in the ULL, and might make possi-
ble the process and the required flexibility to 
incorporate new approaches and research find-
ings into their decision-making and strategic 
planning.

City Halls of large cities, like São Paulo, nor-
mally combine institutional, technological, and 
financial capacity to undertake actions regarding 
urban planning, environmental protection, and 
climate adaptation, for example, and accelerate 
innovative processes. They also usually integrate 
boundary organizations that can connect policy 
to academics, and transnational interactions that 
help to establish regulatory framework, in order 
to boost sustainable actions (Serrao-Neumann 
et  al., 2020; Setzer & de Macedo, 2015). The 
existence of policy entrepreneurs is also a critical 
factor that facilitates the engagement of 
 practitioners in and around policymaking venues 
to promote policy change (Mintrom & Luetjens, 
2017; Uittenbroek et al., 2014). The City Hall of 

São Paulo combines all these aspects, including 
policy entrepreneurs who have the key role of 
identifying knowledge gaps and needs for inter-
ventions and actions, mobilizing change pro-
cesses in the policy system. The inclusion of 
these actors in an action research project (e.g., 
GLOCULL) is decisive for the development of 
information that is credible, salient, and legiti-
mate for the local governments (Wahl et  al., 
2021).

Engaging stakeholders in transdisciplinary 
studies through ULL is easier when ongoing inte-
grated projects and actions focused on enabling 
capacity building and learning are developed. 
That is the case of the LoP, based on an integrated 
approach that sought to increase local sustainable 
agricultural production to preserve the landscape, 
while promoting local social and economic 
development. The network built around the LoP, 
and the engagement of the practitioners with 
local farmers, as well as their commitment to the 
goals of this project, invoked a genuine interest in 
the GLOCULL approach, on the WEF nexus per-
spective, and facilitated their involvement in the 
ULL.  Sufficiently, long duration and requested 
funding are also critical aspects that facilitate the 
integration process in transdisciplinary studies 
(Bergmann et al., 2021). In this sense, the three 
years of the GLOCULL project, funded by the 
São Paulo Research Foundation (Fapesp) – which 
has a positive reputation as a public foundation, 
funded by the taxpayer in the State of São Paulo 
with the mission to support research projects  – 
and the Belmont Forum positively helped the 
commitment of the stakeholders. The highly 
competitive nature of such funding scheme cer-
tainly led the stakeholders to understand the 
innovative perspective of this research project, 
addressing critical and timely problems. Having 
three years to produce and analyze data, reach 
outcomes, and co-develop products and results 
that may have the potential of short-term impact 
was certainly an aspect that encouraged the prac-
titioners to integrate this action research and be 
part of this ULL.
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15.3.3  Creating Space for Interaction 
Between Actors

Dealing with WEF nexus issues, and particularly 
with projects such as LoP or any other action 
aimed at developing sustainable agricultural 
practices in a metropolitan context, requires the 
collaboration of a great number of actors. 
Scholars recognize that integrated approaches are 
crucial when facing such comprehensive and 
complex topics (Blay-Palmer et  al., 2018; 
Dubbeling et  al., 2017). Advocates of environ-
mental integrated policies have been advancing 
in new models of governance for decades, and 
the importance of cooperation between public 
authorities, private sectors, and civil society is 
widely recognized to be an important point for 
sustainable development (Scalia et  al., 2018). 
However, the cross-sectoral coordination and 
collaboration within the public sector are often 
overlooked.

Internal coordination in the public sector, 
both horizontally and vertically, is a fundamen-
tal step to build coherent and integrated strate-
gies. We recognize that internal coherence and 
coordination can be challenging within local 
authorities, no less than the dialogue with rep-
resentatives of the private sectors and civil soci-
ety. In reality, whatever the context, public 
administrations tend to be organized in com-
partmentalized sectors (e.g., ministries, depart-
ments, secretariats). Each of these sectors is 
specialized in specific topics and has distinct 
areas of expertise, specific mandates, and 
objectives to be achieved, and they generally 
compete for the same scarce resources (Benson, 
2011). This is no different in the case of São 
Paulo. On the contrary, things are amplified by 
the size of the metropolis, the extension of its 
territory, and the diversity of its challenges. 
This is matched by an equally massive adminis-
trative machine of 25 secretariats, each respon-
sible for managing a set of actions, programs, 
and public policies related to a specific man-
agement theme (e.g., health, education, social 
assistance, culture, transportation, natural envi-
ronment, urban planning), 32 subprefectures, 
and hundreds of civil servants.

Difficulty in coordination and dialogue 
between different entities is an endemic problem 
in bureaucratic systems of this size. Benson 
(2011, p.  146) distinguishes three main, often 
coexisting, problems that make cooperation 
between government sectors difficult: “i) the dif-
fering worldviews and mandates of sectors; ii) 
the resource allocation and planning processes 
within government; iii) capacity constraints 
within sectors for generating necessary informa-
tion.” These might be due to institutional and 
bureaucratic mechanisms that have been devel-
oped over time and established a way of working 
in silos in the public sector.

In our case, all the actors that took part in the 
ULL, despite working on common issues in the 
same territory, usually do not have many oppor-
tunities, for various reasons, to sit at the same 
table and have regular conversations. In addition, 
they all have very complicated agendas, with 
pressing deadlines and objectives to be achieved, 
which do not allow much time for self-reflection. 
Some of the participants in the ULL reported that 
the GLOCULL project workshops and meetings 
were one of the few opportunities for them to dis-
cuss and get updates about what each one was 
doing. The project was seen as an opportunity to 
strengthen internal relations and adopt a more 
horizontal way of working. The ULL setting in 
particular was considered useful in its offering an 
alternative to the common way of functioning of 
a public administration, in which tasks are sepa-
rated and oriented to obtain specific goals with 
low levels of articulation. Every opportunity to 
reflect on what has been done and exchange ideas 
and impressions with a larger group of people 
allows to broaden the perspective and see new 
possibilities to deal with the municipalities’ chal-
lenges. The chance to be exposed to different 
views and thoughts is critical to avoid making 
recurring mistakes.

Although doubts remain as to whether these 
relationships between actors can be maintained 
after the project ends, we can argue that ULL 
offered the space and time for different actors to 
meet, discuss, and reflect. This is outside the nor-
mal working routine and detached from specific 
and mandatory objectives required by institu-
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tional roles. It is in these opportunities, in which 
participants discuss more freely, that creative 
thinking can occur and different solutions can be 
found.

We do not claim that working in ULL is the 
ultimate solution, but even if the only purpose of 
a ULL was to offer this opportunity to improve 
dialogues and exchange ideas, this would already 
be a successful result. This may also suggest that 
research institutions and researchers could play 
as facilitators by providing these spaces for inter-
action, “breaking down the walls of the univer-
sity,” as one of the ULL partners claimed, being 
more present on the territory and engaged with 
local actors. This is very much in line with what 
some scholars say about the fundamental role of 
researchers in bringing different actors, from dif-
ferent sectors together to co-produced solution- 
focused research (Bréthaut et  al., 2019; Wahl 
et  al., 2021), improving the relations between 
actors and strengthening institutional capacity 
(Bazilian et  al., 2011). Researchers are in the 
position to organize and lead ULL. In particular, 
social scientists, who are able to reveal and take 
into consideration power dynamics in knowledge 
co-production processes, are supporting the pro-
vision of a space where all actors can discuss and 
negotiate in a fair way (Allouche et  al., 2015; 
Williams et al., 2014).

15.3.4  Including the WEF Nexus 
Within the Public Sector

In order to achieve the necessary transformation 
for the WEF nexus and implementation of inno-
vative solutions, the nexus approach should be 
included in the policy sector through the engage-
ment of institutions and actors that mediate envi-
ronmental outcomes in a multi-governance style 
(Venghaus & Hake, 2018). This includes the defi-
nition of clear roles for different sectors and 
actors involved and the identification of specific 
challenges, objectives, and policy integrations, so 
the actions might be more effective and efficient 
(Venghaus & Hake, 2018). One entry point to 
mainstream the WEF nexus in the policy sector 
would be the inclusion of this rationale, for 

instance, in national development plans led by 
ministries and authorities of water, agriculture, 
energy, environment, infrastructure, and urban/
rural planning, which could ultimately influence 
other local plans (Hoff & Kasparek, 2016).

In the GLOCULL project, we sought to main-
tain a permanent contact with the ULL partici-
pants, trying to bring the WEF nexus in the 
discussions, so the nonacademic actors could 
improve their knowledge on the approach and, 
then, could use this material for other plans and 
projects. While the participants recognized that 
the subdivision of responsibilities within munic-
ipal bureaucracies is a critical aspect, causing 
difficulties for effective collaboration, informa-
tion sharing, and coordinated action among 
municipal staff, they appreciated that the WEF 
nexus brings a possible path to improve relations 
within different secretariats and departments. 
They also revealed that this project helped them 
to have a deeper look at some sectoral issues, 
including public policies related to water and 
their relation with energy and rural food produc-
tion, indicating that the nexus approach helps to 
identify connections previously unconsidered. 
This also allowed them to have a closer look into 
the interactions with other plans and actions that 
are currently undergoing in the territory, which 
indicates that one of the most important features 
of the nexus concept is raising new questions 
and interactions between compartmentalized 
projects that might be improved with an integra-
tive rationale.

The sustainability indicators co-produced by 
the ULL members were also an entry point for 
the nexus in the local policies. This activity 
allowed the actors to evaluate the current prog-
ress and sustainability of their undergoing proj-
ects. While the use of the WEF nexus concept 
was considered as an innovative element by the 
participants, they also understood that the work 
on a new concept may be challenging for the 
stakeholders. Nevertheless, they expressed their 
enthusiasm in engaging with this project and co- 
developing the sustainability indicators, suggest-
ing that it is also important to work with new 
logics, improving their actions in the public 
sector.
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Another effort to make the WEF nexus clearer 
was the use of systems thinking. The creation of 
flows and causal loop diagrams helped the par-
ticipants to better visualize the elements and 
interactions of the nexus in the south zone of São 
Paulo. They stated that the flows and causal loop 
diagrams were extremely useful tools to under-
stand the concept of the nexus, to see the interac-
tions, and to locate their activities in a broader 
system/context. Many of them mentioned how it 
was useful to visualize interactions that until then 
were very theoretical and unclear. However, they 
also noted that the exercise can easily become 
very complex, and it requires more rounds of 
reading, discussion, analysis, and readjustments 
to be fully understood. Some participants also 
pointed out that these tools would be highly com-
plex to be used with other social actors (e.g., 
farmers), recommending the adoption of simpler 
systems, while maintaining the visual feature.

15.3.5  Barriers and Difficulties

Participants indicated that there were some diffi-
culties at the beginning of the project to compre-
hend their role in the GLOCULL project. They 
noted that after the first connections, executive 
meetings and interactive workshops helped them 
to better understand their roles. On the other 
hand, participants also revealed that they could 
have had a more proactive participation to deter-
mine responsibilities and objectives, but this did 
not happen mainly due to the lack of time avail-
ability in their agenda.

Some participants recognized that there were 
flaws in the communication process in the ULL, 
since the first discussed goals of the group were 
adjusted along the process and not all the partici-
pants were notified. This makes clear the impor-
tance of establishing transparent modes of 
communication between all the actors. One 
important aspect for the improvement of trust is 
the establishment of formal agreements between 
the actors. In our case, an agreement between the 
university and the Municipal Secretariat of Urban 
Development and Licensing was developed and 
signed, but due to changes in the public 

 administration and bureaucracy, this agreement 
was never fully formalized. This might have 
some impact on the information sharing from the 
municipality and, consequently, on the compila-
tion of the sustainability indicators forms. 
Nevertheless, some participants pointed out that 
a clear establishment of shared responsibilities 
between the actors at the beginning of the process 
was reached, which was helpful for building trust 
within the group.

Other issues were noted by the participants 
regarding time lag in the process. For example, 
stakeholders stated that the timing difference 
between their actions/activities and the academic 
process resulted in less participation in the proj-
ect than they would expect; this was mainly due 
to their busy routine and engagement in many 
other projects. The participants also noticed that 
more interactive activities along the project 
would be helpful to absorb the new concepts and 
approaches. Another critical issue refers to the 
assessment of the results of sustainability proj-
ects, which usually takes longer than the project 
itself. While the assessment of the impacts of the 
LoP project in the territory using the sustainabil-
ity indicators might need some years, since social 
and economic aspects may not have an immedi-
ate change, the projects (LoP and GLOCULL) 
were concluded in 2021/2022. How to assess sus-
tainability impacts of new solutions after projects 
are over is, then, a challenge.

External factors might also have some impacts 
on the ULL and the process of engagement 
between the participants, especially due to the 
Covid-19 crisis. The pandemic limited face-to- 
face interactions, including fieldworks, meetings, 
and workshops in the region and in the munici-
pality. Instead, all interactions were done virtu-
ally, undermining informal dialogues among the 
actors. This fact was considered a relevant aspect 
by the participants, because informal interactions 
help to build trust between the actors involved, 
while virtual meetings make the interactions less 
spontaneous. At the same time, the pandemic 
made it difficult to involve other important local 
actors, including the farmers, whose participation 
was limited to fieldwork, interviews conducted 
by the researchers, and one workshop. Although 
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the initial work plan included a set of workshops 
with the local farmers, they did not happen due to 
social distancing rules and difficulties to access 
the Internet by the farmers. The lack of inclusion 
of local actors in the process was reported as a 
downfall by the ULL participants, who recog-
nized the importance of the insights that might 
have arisen from the close interactions with the 
farmers.

15.3.6  Opportunities for Future 
Research

Working in the format of a ULL can bring short- 
term results regarding the own research process. 
However, there are outcomes that might be devel-
oped over time, even after the end of the project. 
These results are more closely connected to the 
ULL dynamics rather than specific research find-
ings. Indeed, our experience confirms that at the 
foundation of a laboratory, there must be a net-
work of actors with common goals, willing to 
collaborate, and with a solid trust relationship. 
While it can be difficult to maintain active col-
laboration after the end of a project, mainly due 
to the lack of funding, the institutional and inter-
personal relationships that have been built and 
the experiences that have been accumulated are a 
critical capital that can lead to the development of 
new collaborations and projects.

The experience of a ULL can then lead to 
future projects, giving continuity to the previous 
one, or it can create the foundation for develop-
ing new projects that fit the participants’ inter-
ests. Discussion and reflection on ULL results are 
important moments that lead to the formulation 
of new research questions and the beginning of 
new cycles of transdisciplinary research (Mauser 
et al., 2013).

In our case, for example, the “PEGASuS 
Take-It-Further Grant” was a clear opportunity to 
go further in this partnership. The goal of this 
grant, promoted by the Future Earth in partner-
ship with the Belmont Forum and with funding 
from the Gordon and Betty More Foundation’s 
Science Program, is to enhance and accelerate 
the existing Belmont Forum-funded projects, 

including the GLOCULL project. For 12 months, 
participants of the ULL have the opportunity to 
interact and exchange experiences with other 5 
cities from the Global South to increase knowl-
edge of decision-making and sustainability and 
to promote innovation and solutions around WEF 
nexus issues. This was an unexpected develop-
ment of the ULL that was not planned at the 
beginning of the project. Certainly, the funding 
played a key role, but it is equally true that the 
network of actors that has been established with 
the ULL and the agreement to continue working 
together on sustainability issues have been criti-
cal factors to apply and win the grant. We see no 
reason for other similar opportunities not to occur 
in the future under other funding circumstances.

The development of other studies, which run 
parallel to the initial project objectives, is also an 
important unfolding of a ULL.  The discussion 
between academic and nonacademic actors can 
in fact uncover new problems and new research 
questions that were not necessarily conceived in 
the initial proposal (e.g., food deserts, local 
accessibility to healthy food, food security, and 
nutrition of local farmers). In the case of the 
GLOCULL in São Paulo, an undergraduate and a 
PhD research project have been designed and 
developed taking into consideration the discus-
sions and the insights from the ULL. It is impor-
tant to highlight that, while these studies focus on 
issues that are important for the scientific debate 
in the academic community, they also have con-
crete importance for the local reality testified by 
the interest shown by nonacademic actors in the 
ULL. We can say that, at least as far as the defini-
tion of the general objectives of the research is 
concerned, the confrontation and exchange of 
feedback between different actors in the ULL 
have largely contributed to the design of these 
studies.

As a final point, it is worth highlighting how 
the Covid-19 pandemic has prompted researchers 
and other ULL participants to question research 
methods (e.g., how to adapt participatory meth-
ods to socially distanced contexts) and to reflect 
on research questions to be addressed in future 
projects (e.g., impact of the pandemic on local 
food systems, post-pandemic sustainability).
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15.4  Conclusions

This chapter presents the experience of a trans-
disciplinary project in which academics and non-
academics co-produced sustainability indicators 
related to the WEF nexus in the rural area of São 
Paulo, Brazil. The focus was on the relevance of 
creating a space for the interaction of multiple 
actors in cities, in this case, the ULL approach, to 
advance in the process of transition to sustain-
ability, and the insertion of the concept of the 
nexus in the policy sector as an important ele-
ment for the sustainability of cities.

Results revealed the importance of research 
institutions and researchers in creating a space 
for interaction between different actors, since 
practitioners usually have a busy agenda that 
undermines this kind of partnership. Previous 
experiences of collaboration, the existence of 
policy entrepreneurs, and sufficiently long dura-
tion and requested funding for the projects are 
important components that induce a better dia-
logue between researchers and nonacademics. 
The ULL, in this sense, was considered beneficial 
to establish better communication between dif-
ferent sectors in the municipality, especially 
when horizontal, and not only vertical, coordina-
tion within the public system is crucial to develop 
coherent and integrated strategies for the city. 
The WEF nexus approach was also beneficial 
since it calls for an integrative rationale in actions 
and plans of the city while it helps to raise new 
questions and to identify interactions between 
compartmentalized areas of the public sector.

Nonetheless, experiences in transdisciplinary 
projects are not free of challenges. In this case, 
more attention should have been given to com-
munication since the very beginning of the proj-
ect in order to establish a more transparent 
dialogue between actors in the definition of their 
roles and the common goals of the project. Time 
lag between academics and practitioners’ activi-
ties posed another challenge, which impacted the 
nonacademic involvement throughout the pro-
cess. The assessment of sustainability innova-
tions’ impacts in a longer term, after the end of 
the project, is also a critical aspect. It reveals the 
importance of maintaining a permanent contact 

between the different actors in order to continue 
collaboration in new projects and looking for 
new types of funding, both in the university and 
in the municipality. In our ULL, the collaboration 
unfolded new opportunities, with new projects 
and studies, which can promote new cycles of 
transdisciplinary researches. The Covid-19 pan-
demic resulted in several downfalls for this proj-
ect, such as lesser participation of local actors, 
revealing the necessity for any project to be 
adaptable and dynamic throughout the process.

The experience analyzed in this chapter pro-
vides critical insights on how the use of a trans-
disciplinary methodology, such as the ULL, and 
the use of the WEF nexus in the policy sector 
could improve the ability of nonacademic actors 
to better integrate their ongoing actions in the 
city when dealing with social, economic, and 
environmental aspects in their compartmental-
ized agenda. While both perspectives – ULL and 
WEF nexus – may improve the sustainability of 
cities, they also provide room to bring together 
academic and nonacademic actors, revealing new 
questions and opportunities for interactions and 
initiating new cycles of transdisciplinary 
researches. This interactive experience also sheds 
light on the importance of continuing to work on 
collaborative projects in order to improve the 
expertise and skills among the participants, and 
facilitate future co-production projects, engaging 
a range of actors and knowledge in a mutual 
learning process.
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16The Challenges of the Food, Water, 
and Energy Nexus and Potential 
Interlinkages with Instruments 
to Tackle Climate Change: Cases 
of Brazilian Cities

Pedro Roberto Jacobi , Sophia B. N. Picarelli , 
Larissa Miranda Heinisch, 
and Paulo Antonio de Almeida Sinisgalli 

Abstract

The key actions to advance knowledge about 
sustainable and resilient urban governance are 
identifying and analyzing innovative initia-
tives for managing the food, water, and energy 
nexus (FWEN) in cities. Rapid urban changes 
in the world’s cities are placing unprecedented 
demands on energy, water, food, and other 
systems, as each of them offers multiple life- 
supporting services. Identifying intersections 
across a diverse set of social actors and institu-
tions represents a relevant agenda that can 
influence priority outcomes to urban commu-
nities, city regions, and their supporting eco-
systems. It can be seen as a relevant strategy to 

advance toward a more integrated territorial 
planning in cities to strengthen actions to pro-
mote sustainable use of natural resources. 
These drivers have the potential to foster col-
laborative, functional, and transformative 
responses in the contexts of an institutional 
interplay, aiming to encourage co- 
management, bridging organizations, and 
social entrepreneurship among other stake-
holders. From this background research, the 
chapter then presents the cases of the Brazilian 
cities of São José dos Campos and 
Florianópolis within the context of the 
“IFWEN  – Understanding Innovative 
Initiatives for Governing Food, Water and 
Energy Nexus in Cities” project – as a basis to 
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discuss this integrated perspective. The cases 
of São José dos Campos and Florianópolis 
illustrate, respectively, how actions on the 
FWEN for environmental protection and 
organic food production can contribute to the 
debate regarding innovation in urban gover-
nance and potential nexus enhancement. Due 
to the need to keep improving municipal plan-
ning, governance, and implementation of 
effective measures, a discussion is conducted 
regarding the potential of Local Climate 
Action Plans to increase the integration among 
sectors and actors. These insights arise from 
the cases of Recife and Fortaleza and their 
experience to tackle climate change and indi-
cate that it might be possible to also foster the 
FWEN and enhance integrated governance at 
the municipal level. Moreover, this chapter 
also addresses insights from the cities of 
Recife and Fortaleza in Brazil regarding cli-
mate change adaptation and mitigation, focus-
ing on their Local Climate Action Plan update 
under the “Urban-LEDS Phase II” project. 
These plans might be a strategic tool to foster 
FWEN and more integrated governance.

Keywords

Local Climate Action Plans · Integrated 
governance · Adaptation · Mitigation · FWEN

16.1  Introduction and Context

According to the World Economic Forum’s 
(WEF) Global Risks Report (2021), climate 
action failure continues to be one of the main 
highest impact risks of the next decade, together 
with environmental risks, as well as weapons of 
mass destruction, livelihood crises, debt crises, 
and IT infrastructure breakdown, even though 
infectious diseases are in the top spot (WEF, 
2021).

The current COVID-19 global pandemic, 
which is placing unprecedented impacts in so 
many countries and cities (Deslatte et al., 2020; 
Douglas et al., 2020; Harari, 2021), clearly rein-
forces planetary interdependence processes that 

can result in distinct scales of risks around the 
globe (Fortes & Ribeiro, 2014). Issues, such as 
the rapid loss of biodiversity in cities, should be 
considered as part of the need to connect vari-
ables that link water- and foodborne diseases and 
zoonosis (Dasgupta, 2021). The Organization for 
Economic Co-operation and Development 
(OECD) in “building back better” pandemic 
recovery plan highlights the need to invest in sus-
tainable environmental management practices 
and conservation and restoration projects, as it 
can help prevent future pandemics and foster 
resilience and socio-environmental innovation in 
cities.

Fragmentation, technical-administrative barri-
ers, political disputes, social polarization, and 
economic interests, among others, are compo-
nents that bring even more complexity to the 
development and implementation of strategies to 
reduce potential negative risk impacts (Moran, 
2011; Beck, 2018). According to Beck (2018, 
p. 15) “we live in a world that is not only chang-
ing but is metamorphosing, and this implies that 
some things change while others remain static.” 
Thus, the concept of metamorphosis implies the 
destabilization of certainties of modern society. 
In current times, global risks create new forms of 
communities, and the public is increasingly inter-
twined by globalization. These in turn make 
global risks visible and political, as is the case of 
the COVID-19 pandemic. Within this changing 
reality, complexity demands the strengthening of 
hybrid scientific objects; the breaking down of 
knowledge boundaries, and hierarchies of knowl-
edge, which is effective through cross sections 
and collaborative dynamics, as it challenges 
advances in disciplinary boundaries; and fertiliz-
ing exchanges, to promote awareness for change 
and uncertainty (Jacobi et al., 2020).

Urban areas can account for around 70% of 
CO2 emissions from global energy use (Seto 
et  al., 2014). Hosting more than half of the 
world’s population, cities concentrate most of the 
built assets and economic activities, reinforcing 
their vulnerability to climate change. Impacts 
caused by climate changes are already being felt 
in urban areas and have been increasing in recent 
years, such as rising temperatures, rising sea lev-

P. R. Jacobi et al.
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els, heat islands, floods, water and food short-
ages, and extreme events. Most Brazilian cities 
also face challenges associated with patterns of 
development and urban expansion (Klug et  al., 
2016). Changes in the hydrological cycle by 
global warming tend to accentuate these existing 
challenges and risks, such as floods, landslides, 
heat waves, and drinking water supply (PBMC, 
2016).

Evaluations of these interrelationships 
between systems and complex problems, such as 
climate change, pandemics, and so many social 
challenges, are not simple, especially for the 
management of urban areas. However, some 
approaches reinforce that to seek better solutions 
to complex problems, it is important to consider 
broad, systemic, interdisciplinary, multisectoral, 
and participatory aspects, such as the concept of 
the water-energy-food nexus (Schulterbrandt- 
Gragg et al., 2018).

Under the Brazilian context, the Ministry of 
Regional Development is currently developing 
the National Policy of Urban Development, 
which aims to provide a more strategic vision of 
the diverse Brazilian territory, adopting a multi-
level, inter-federative, inter-sectoral, and interin-
stitutional approach, and a systemic perspective, 
which incorporates cross-cutting themes and 
dimensions of economic development (Bruno, 
2020). It is also important to mention some of the 
main planning and management instruments 
already established by national laws, which have 
potential linkages with water-energy-food nexus, 
such as the Municipal Master Plan (Plano 
Diretor), Municipal Sanitation Plan, Municipal 
Urban Mobility Plan, Municipal Plan for Disaster 
Risks Reduction, Mata Atlantica Municipal Plan, 
and Municipal Housing Plan of Social Interest. 
Even though national laws do not establish them, 
some Brazilian municipalities further approve 
specific municipal laws or instruments to develop 
and implement plans that can support to tackle 
local challenges, such as the Municipal 
Sustainability Development Laws, Food Security 
Laws, Urban Forestry Plan, Water Security Plan, 
Payment for Environmental Services Municipal 
Laws, Energy Efficiency Plan, and Local Climate 
Action Plans (LCAP), among others (CNM, 

2014; Costa & Favarão, 2016). Regarding the 
LCAP, this chapter considers insights from two 
Brazilian cities’ recent experience – Recife and 
Fortaleza  – related to the development of their 
Local Climate Action Plans, especially in terms 
of the potential to strengthen the possible syner-
gies between municipal sectors and increase co- 
benefits and nexus logics. All initiatives present a 
direct engagement of ICLEI – Local Governments 
for Sustainability – which provided access to the 
content development.

The interlinkage reflections consider if the 
FWEN can be increased through climate change 
planning instruments at the local level  – since 
these instruments might present a potential to 
overcome some sectorial barriers and find inno-
vative and more inclusive approaches to increase 
an effective and more efficient overlap between 
sectors aiming to enhance the co-benefits for 
social-environmental aspects.

In the section that follows, we present the 
study cases of two Brazilian cities – Florianópolis 
and São José dos Campos  – under the nexus 
logic. Both cases present a stronger focus in one 
specific nexus’ sector and also great potential to 
scale up the integration with other sectors and 
especially under a more integrated municipal 
governance. Then a discussion, based on the 
reflections and insights from the Local Climate 
Action Plans’ experiences and background 
research and analysis, is presented. This chapter 
is focused on presenting and investigating spe-
cific empirical examples, focusing on the nexus 
governance in resource provision at city levels, if 
potential synergies can be fostered by the climate 
change agenda, considering different scales, from 
the global and national into regional and city 
levels.

This chapter contributes to scientific investi-
gations which aim to identify ways to improve 
the nexus at the Brazilian municipal level and the 
potential enhancement of results that can arise 
from the “nexus approach,” according to the 
description of the editors of this book – as multi-
dimensional means that seeks to understand the 
interrelationships and interdependencies between 
water, energy, and food with climate change, tak-
ing into account complex and nonlinear aspects.

16 The Challenges of the Food, Water, and Energy Nexus and Potential Interlinkages with Instruments…
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16.2  Evaluation of Two Brazilian 
Nexus Case Studies

This chapter was based mainly on the case review, 
analyses, and cross-check with literature. In this 
section, especially the cases of Florianópolis and 
São José dos Campos developed under the 
IFWEN project were further described to evalu-
ate if the water-energy-food nexus is already 
being applied at their specific initiatives.

The “IFWEN  – Understanding Innovative 
Initiatives for Governing Food, Water and Energy 
Nexus in Cities” project – is a two-year project 
(2019–2021) financed by the Belmont Forum, 
JPI Urban Europe e EU Horizon 2020. And it is 
implemented by the Fundação Getúlio Vargas 
(FGV); Yale University; ICLEI, Local 
Governments for Sustainability; The Nature of 
the Cities (TNOC); Stockholm Resilience Centre 
(SRC); Ming-Chuan University (MCU); and 
MIT CoLab.1

The IFWEN project has the following key 
objectives:

 1. Assessing the changes in trade-offs of food- 
water- energy nexus (FWEN) in the Green and 
Blue Infrastructure (GBI) and their associa-
tion with spatial planning and governance in 
cities using empirical cases.

 2. Understanding the barriers that hinder innova-
tive and integrated FWEN approaches using 
GBI at different scales and specifically look-
ing for the standard features of diverse inter-
ventions, as well as how successful GBI-based 
innovations that changed the nexus took place, 
which capabilities cities had to innovate and 
how they develop those capabilities and 
approaches used to overcome the barriers that 
make the implementation more difficult in 
practice.

 3. Designing a framework, a guide of best prac-
tices, and tools to foster IFWEN using GBI 
with better urban interventions and decision- 
making processes (Fig. 16.1).

1 https://ifwen.org/what-it-is-ifwen/

The project has case studies in eight cities 
across three regions (South America, Africa, and 
Asia): Antananarivo (Madagascar), Dodoma 
(Tanzania), Florianópolis (Brazil), Gangtok 
(India), Johannesburg (South Africa), Lilongwe 
(Malawi), Nagpur (India), and São José dos 
Campos (Brazil). This chapter will focus on the 
discussion in the Brazilian cities – Florianópolis 
and São José dos Campos cases – especially con-
cerning the work led by ICLEI South American 
Secretariat. To analyze these contexts and con-
solidate study cases, the methods applied 
included surveys, interviews, field visits, litera-
ture reviews, and desktop research.

The surveys were applied in an initial phase of 
the research, before the conduction of interviews. 
They included questions regarding the panorama 
of the city, such as its jurisdiction, geographic, 
socioeconomic, demographic, financial aspects, 
and legal and institutional matters that affect the 
FWEN.  The surveys were answered separately 
by each city through an appointed representative 
who acted as a focal point within the municipal-
ity to gather the requested information from dif-
ferent departments and areas of expertise.

Regarding the interviews, these were con-
ducted with the focal point and representatives 
for each municipality after the survey application 
to deepen the knowledge on the city’s context and 
innovation initiatives on the FWEN.  Questions 
included inquiries on the municipal departments 
involved with the nexus and GBI, key local chal-
lenges, identifying the innovative initiatives and 
enabling capabilities that allowed for the nexus, 
and knowledge management mechanisms on the 
thematic. The interviews were conducted both 
virtually and in person, in the latter case enabling 
site visits to better understand the city context 
and the specific innovative initiatives identified.

The description and evaluation that follows 
from both Brazilian cases consider that the nexus 
concept challenges existing structures, sector 
policies, and procedures to innovate traditional 
silo thinking and promote new dynamics of coor-
dination. It is necessary to modify the prevalent 
logic based on “divided responsibilities that often 
result in poorly coordinated investments, 
increased costs and underutilized infrastructure 

P. R. Jacobi et al.
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Fig. 16.1 Examples of GBI in the FWEN in the City of São José dos Campos. (Source: Elaborated by the authors 
within the IFWEN project work)

and facilities” (BMZ, 2014). The great challenge 
is to connect policies, practices, organizations, 
and institutions to work together horizontally and 
vertically to optimize resource use (Hezri, 2016). 
This requires capacity and institution-building on 
multiple levels to strengthen articulated gover-
nance with connectivity and integration of 
resource systems by shedding light on the possi-
ble synergies or trade-offs that might exist 
between different resources (C.  Zhang et  al., 
2018).

16.2.1  Florianópolis, State of Santa 
Catarina, Brazil

16.2.1.1  Context
Florianópolis is located in the southern region of 
Brazil and is the capital of the State of Santa 
Catarina. Its population is mainly urban (96.21%) 
estimated at 492.977 inhabitants in 2018, the 
17th densest capital of Brazil with 627.24 hab./
km2 (IBGE, 2010a, b). The city is highly depen-
dent on resources from the surrounding munici-
palities in the continent, which implies less 
efficiency and more complex processes, espe-
cially regarding FWEN and the trade-offs 
between these services, the nexus. Dependence 
from metropolitan/regional and federal spheres 
of government to support the supply of FWEN in 

Florianópolis is a central challenge faced by the 
city. For instance, the leading electric energy sup-
plier of the municipality is the Centrais Elétricas 
de Santa Catarina (CELESC), the company 
responsible for powering the State of Santa 
Catarina and 92.7% of the households in 
Florianópolis (BID et  al., 2015). As well as 
power, water resources are also majorly provided 
to the city from continental sources by the 
Catarinense Company for Water and Sanitation 
(Companhia Catarinense de Água e Saneamento – 
CASAN). Food provision also heavily depends 
on continental sources – food production makes 
up less than 1% of the local economic activity, 
and the 22 municipalities that constitute the 
Florianópolis’ Metropolitan Nucleus provide 
Florianópolis and for that are known as the 
“Green Belt.” Tourism contributes to the econ-
omy of the city; this activity pressures the FWEN 
distribution net and accelerates the importation 
rates of resources to the city, as well as waste 
production.

16.2.1.2  Florianópolis Case Study
The case for the Florianópolis context was orga-
nized through semi-structured exploratory inter-
views and analysis with the city technical focal 
points to identify innovative approaches related 
to the FWEN (at least one sector as strong com-
ponents). Also, the case should demonstrate a 
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potential for GBI positive impacts and should be 
associated with municipal planning instruments 
and governance within the city. It consists of ini-
tiatives especially regarding the Municipal Urban 
Agriculture Program (MUAP  – Programa 
Municipal de Agricultura Urbana). This program 
was established in Florianópolis in June 2017 
through a decree,2 to promote urban agroecologi-
cal practices to produce and process food effi-
ciently and locally, incentivizing access to 
healthy and low-cost food produced with agro-
ecological methodologies within the urban con-
text. Also, the MUAP aims at supporting local 
organic food producers to commercialize prod-
ucts directly, reducing production chains and 
transportation requirements. By doing so, the 
project envisions enhancing the co-benefits from 
these practices, such as repurposing land use 
within the urban context, maintaining clean and 
illegal littering of accessible urban areas, and 
promoting community participation and engage-
ment (CEPAGRO, 2016).

The Revolução dos Baldinhos, “Bucket 
Revolution,” was also key for triggering this ini-
tiative. In 2008, professionals from the Health 
Center in the Monte Cristo neighborhood, one of 
the most vulnerable and poor areas in the conti-
nental portion of Florianópolis, assembled with 
the Centro de Estudos e Promoção da Agricultura 
de Grupo (CEPAGRO) and local school and 
nursery representatives to discuss strategies for 
facing disease-spreading pests and illegal litter-
ing (of mainly organic materials) that caused it. 
This initiative has generated a net of workers 
responsible for collecting organic matter from 
houses, processing it, and distributing the com-
posted matter in the urban gardens of the region.

Municipality representatives have identified 
these successful efforts as key for developing 
MUAP and addressing citywide challenges men-
tioned above, such as independence of food pro-
duction, food security, and waste management. 
MUAP is funded through specific project notices 

2 https://leismunicipais.com.br/a/sc/f/florianopolis/
d e c r e t o / 2 0 1 7 / 1 7 6 9 / 1 7 6 8 8 /
decreto-n-17688-2017-dispoe-sobre-a-criacao-do- 
programa-municipal-de-agricultura-urbana?q=17688

and receives support from the project coordina-
tors, such as the Companhia de Melhoramentos 
da Capital (COMCAP), responsible for provid-
ing technical support for the maintenance of the 
gardens as wood chips for covering the compost-
ing piles and seedling. Also, the program sup-
ports the Street Fair at the Alfandega Square at 
the center of the city. This allows food producers 
to sell products directly to consumers, shortening 
production circuits and enhancing the autonomy 
of the municipality in food production.

The initiative has provided the city with the 
possibility to reuse organic waste by composting 
the material and repurposing it as fertilizer for 
organic urban gardens. By doing so, the city has 
achieved (1) greater independence for food pro-
duction at the local scale, increasing food safety 
and security, (2) greater independence for waste 
management, and (3) less waste destined to land-
fills (Florianópolis was a pioneer city on this 
aspect, being the first Brazilian city to approve a 
municipal law in 20193). These direct impacts 
could potentially generate associated co-benefits, 
such as the following:

 1. Reduction of GHG emissions due to a smaller 
volume of food input to landfills and reduced 
transportation of food from the continental to 
the insular portion of the island.

 2. Increased water quality and quantity due to 
reduction on landfill by-products reaching 
aquifers:

 2.1. More permeable surfaces on urban cen-
ters reducing flooding events.

 3. Reduced energy use due to the shorter pro-
duction chain.

 4. Qualities provided by urban green areas, such 
as better air quality, water infiltration, and 
micro-climate regulation, and provision of 
habitat for urban fauna.

3 https://leismunicipais.com.br/a/sc/f/florianopolis/lei- 
o r d i n a r i a / 2 0 1 9 / 1 0 5 1 / 1 0 5 0 1 /
l e i - o r d i n a r i a - n - 1 0 5 0 1 - 2 0 1 9 - d i s p o e - s o b r e - a - 
obrigatoriedade- da-reciclagem-de-residuos-solidos- 
organicos-no-municipio-de-florianopolis
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https://leismunicipais.com.br/a/sc/f/florianopolis/lei-ordinaria/2019/1051/10501/lei-ordinaria-n-10501-2019-dispoe-sobre-a-obrigatoriedade-da-reciclagem-de-residuos-solidos-organicos-no-municipio-de-florianopolis
https://leismunicipais.com.br/a/sc/f/florianopolis/lei-ordinaria/2019/1051/10501/lei-ordinaria-n-10501-2019-dispoe-sobre-a-obrigatoriedade-da-reciclagem-de-residuos-solidos-organicos-no-municipio-de-florianopolis
https://leismunicipais.com.br/a/sc/f/florianopolis/lei-ordinaria/2019/1051/10501/lei-ordinaria-n-10501-2019-dispoe-sobre-a-obrigatoriedade-da-reciclagem-de-residuos-solidos-organicos-no-municipio-de-florianopolis
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In Florianópolis, the most substantial FWEN 
sector is related to the food sector. The case study 
is already an initiative focusing on food security 
and the improvement of local agroecological 
practices. More linkages were identified between 
water and energy sectors, such as related sustain-
able local food production leading to water qual-
ity maintenance and reduction in energy demand 
due to optimization of production chains and 
transportation. A direct link with all the three 
nexus sectors was not identified. It is also impor-
tant to highlight that waste, although not a sector 
of the FWEN, appears as an important compo-
nent, in this case, fostering the use of organic 
compost for gardens and agriculture under circu-
lar development principles and avoiding organic 
waste in landfills.

The image below represents the interlinkages 
and preponderance of nexus sectors related to 
Florianópolis analysis (Fig. 16.2).

16.2.2  São José dos Campos, State 
of São Paulo, Brazil

16.2.2.1  Context
São José dos Campos (SJC) is located in the east-
ern portion of the State of São Paulo, and it is the 
main municipality in the Metropolitan Region of 

Vale do Paraíba. The Paraíba Valley is situated 
between the cities of São Paulo and Rio de 
Janeiro and stands out for concentrating a consid-
erable part of the regional GDP (gross domestic 
product). It is also known for being the most 
important aeronautical and aerospace hub in 
Latin America and hosting important federal sci-
entific research institutes, technology companies, 
universities, colleges, and training centers to 
develop labor skills. Due to these aspects, the city 
is considered a hub of innovation in the region. In 
the Brazilian context, even though SJC is the fifth 
most populous city in the State of São Paulo with 
629.921 people (2010) (IBGE, 2010a, b), the 
population density of the municipality is small 
compared to other large urban centers in Brazil. 
SJC is situated in a privileged area within the 
State of São Paulo that allows access to water 
sources – both for supplying the population and 
with hydroelectric potential – and to floodplains 
used for food production. Still, the development 
and urbanization history of the city have been 
heavily dependent on the nearby centers  – São 
Paulo and Minas Gerais – and resulted in a pro-
found dependence of São José dos Campos on 
important food, water, and energy. Also, enlight-
ening the nexus between these elements and trac-
ing more efficient technologies and policies to do 
so are a central challenge.

Although the city does not have programs or 
policies explicitly aimed at the FWEN, SJC was 
chosen for this study due to the initiatives that 
indirectly target this nexus. The initiatives that 
have the most potential to generate a positive 
impact in this area are the incentives for innova-
tion (such as the recently built innovation center 
and the municipal law to encourage innovation), 
the protected areas of the municipality, and the 
programs for environmental compensation.

16.2.2.2  São José dos Campos Case 
Study

The municipality of São José dos Campos has 
some relevant examples of developing programs 
and initiatives that explore and enhance its geo-
spatial potentials, aligning conservation with 
technological development in public programs 
undertaken regarding FWEN elements. Also, the 

Fig. 16.2 Current integration and preponderance of 
nexus sectors from the Florianópolis study case. (Source: 
Elaborated by the authors)
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city has invested in projects that employ the 
potential of reforestation and conservation as 
GBI, an innovative strategy within the public 
arena in Brazil. Among these strategies existent 
in SJC toward a self-sufficient, technological, 
and sustainable city are portrayed below, two are 
included in this chapter, and were selected for 
deeper analysis within the IFWEN project 
through semi-structured exploratory interviews 
and analysis with the city technical focal points, 
due to their innovative approaches in the nexus (if 
not possible to all three thematic with at least one 
as strong components), related to GBI positive 
impacts, and associated with spatial planning and 
governance in the city: (I) the Alluvial Plains of 
the Rivers Paraíba do Sul and Jaguari Protected 
Area and (II) the Municipal Program for Payment 
of Environmental Services  – Programa Mais 
Água (More Water Program).

 I. The Alluvial Plains of the Rivers Paraíba do 
Sul and Jaguari Environmental Protected 
Area.

This municipal protected area was established 
in 1984 by the São José’s Municipal Master Plan 
(Prefeitura de São José dos Campos, 1984) and 
currently is also known as the Banhado 
Environmental Protection Area (Banhado EPA), 
which is a sustainable use category under the 
Sistema Nacional de Unidades de Conservação 
da Natureza (SNUC) – the official Brazilian set 
of rules and procedures to create, implement, and 
manage protected areas. This is an innovative 
policy that supported conservancy in a context of 
growing urbanization trends (Fantin, 2005) and 
that guaranteed the protection of this area of cru-
cial ecological importance for the maintenance 
and provision of essential environmental ecosys-
tem services and quality of life of citizens, within 
this urban center: retention and processing of 
sediments, water quality, erosion and silting up 
control, filtering of toxins and sediments, 
recharge and discharge of aquifers, and buffering 
zone for floods (Figueroa, 1996). Moreover, this 
is an important area for the SJC population’s 
quality of life, promoting key ecosystem services 

such as being an important feature of the city’s 
landscape and improving air quality.

Therefore, restrictions on land use in these 
areas directly preserve these functions, improv-
ing water, soil, and air quality and improving 
flood mitigation capacity. Moreover, the Banhado 
EPA has been categorized as a “Zone One envi-
ronmental protected area” by the SJC master 
plan, which is a category aimed at protecting 
areas that occupy the margins of rivers with 
hydromorphic formation and that are highly and 
naturally susceptible to floods. This legislation 
also permitted that the land use in this area can be 
partially destined for livestock and agricultural 
research and production (Prefeitura de São José 
dos Campos, 2019), reinforcing the food pillar of 
the FWEN and its correlation with GBI and 
water.

 II. Municipal Program for Payment of 
Environmental Services  – Programa Mais 
Água.

A municipal law4 established in 2012 the 
Programa Mais Água (More Water Program). 
This program aims at promoting the conservation 
of areas with native vegetation in São José dos 
Campos and encourages sustainable practices in 
rural areas to protect water springs in the region, 
seeking increased water availability. Rural land-
owners need to commit to the program and fol-
low the regulations regarding conservation of 
native vegetation and restoration of permanently 
protected areas (Áreas de Preservação 
Permanentes – APP) as well as the adoption of 
sustainable models of production to obtain mon-
etary returns according to a standardized score 
(Prefeitura de São José dos Campos, 2014).

It is a premise to the program that the conser-
vation of these green areas is essential for ensur-
ing water provision safety and quality to the city 
of SJC (Prefeitura de São José dos Campos, 
2015). Therefore, by offering monetary incen-
tives to the landowners in the region, the program 
acknowledges the many ecosystem services pro-

4  h t t p s : / / s e r v i c o s 2 . s j c . s p . g o v. b r / l e g i s l a c a o /
Leis/2012/8703.pdf
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vided by the preserved areas, especially as water 
cycle regulation systems. Despite focusing on the 
potential of forests as green infrastructure for 
water regulation, the program also presents a 
clear relationship with food production in the 
region, as the majority of the areas contemplated 
by the program are destined for livestock produc-
tion – 60% (Prefeitura de São José dos Campos, 
2017). Properties with more sustainable practices 
(no pesticide use and organic production) are bet-
ter evaluated by the standardized tests (Prefeitura 
de São José dos Campos, 2015) and get a higher 
reward.

The content from the case of São José dos 
Campos is mostly related to the water sector. The 
initiatives focus on the environmental manage-
ment of protected areas and payment for ecosys-
tem services related to water and springs 
conservation. The stronger identified link is 
between water and food sectors since there is a 
promotion of sustainable practices in rural areas 
to protect water springs in the region, seeking 
increased water availability. Another relevant 
observation is that none of the actions presented 
a direct link with all the three nexus sectors.

The image below represents the interlinkages 
and preponderance of nexus sectors related to the 
São José dos Campos analysis (Fig. 16.3).

16.3  Discussion

In his analysis of the WEF, Covarrubias (2021: 
18) emphasizes that “the relationships for city 
authorities is different for either water, energy or 
food, because of the different geographic scales, 
and because of the division of governance respon-
sibilities for each of these flows take place at dif-
ferent contexts.” And as Covarrubias (2019) 
points out, this requires innovative and cross- 
sectorial systems of provisioning. What can be 
observed is that the prevailing logic is that city 
planning and governance still approach resources 
such as WEF as separate domains, ignoring their 
interconnectedness (Hoff, 2011; Howels & 
Rogner, 2014).

The nexus approach is also presented as a gov-
ernance scheme that proposes a broader dialogue 
between stakeholders aiming to balance the 
trade-offs between water-energy-food sectors 
(Hoff, 2011). However, Brazilian municipalities 
still face many challenges developing, especially 
implementing, more integrated municipal plans 
and their corresponding actions. Moreover, it is 
crucial to find ways to improve local planning 
and governance processes (Benites-Lazaro & 
Giatti, 2020; Cabral, 2018).

This issue of local governance fragmentation 
can be noticed in the cases of Florianopolis and 
São José dos Campos. Despite being innovative 
initiatives, they still focus more strongly on one 
FWEN component and have more autonomous 
characteristics, not yet integrating a range of dif-
ferent municipal departments and stakeholders. 
A holistic approach to tackling global challenges 
could be a way to foster the integration between 
distinct challenges and opportunities at the local 
level.

The FWEN has become an important refer-
ence to urban planning and represents a new per-
ception (Hoff, 2011) due to its potential to 
promote effective adaptation (Rasul & Sharma, 
2015; Gondhalekar & Ramsauer, 2017) and inno-

Fig. 16.3 Current integration and preponderance of 
nexus sectors from the São José dos Campos study case. 
(Source: Elaborated by the authors)
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vative urban development. Considering the 
effects of climate change on increasing demands 
for natural resources and insecurities in water, 
energy, and food supply, it is imperative to avoid 
failures in management and governance strate-
gies (Fernandes Torres et al., 2019).

Despite not being a legal obligation for 
Brazilian municipalities, local leaders have 
become more aware that urgent efforts are 
required to scale up climate action, dealing with 
climate change mitigation, adaptation, and resil-
ience (Arikan et  al., 2020), and are developing 
local instruments to tackle climate change.

So far, most efforts by cities to respond to cli-
mate change have focused on mitigation (i.e., 
reduction of greenhouse gas emissions (GHG)) 
and much less on adaptation (i.e., strategies to 
reduce exposure and susceptibility and improve 
the coping capacity of communities to hazards) 
as these strategies imply taking a precautionary 
and anticipatory approach (Broto & Bulkeley, 
2012; Torres, 2020; Neder et al., 2021, Di Giulio 
et al., 2017; Di Giulio et al., 2018). However, the 
implementation of adaptation plans is urgent. 
Changes in global climate are already underway, 
and social, infrastructural, and economic costs of 
inaction are high (Geneletti & Zardo, 2015), 
directly affecting water-energy-food sectors.

Aiming to increase local climate actions, the 
Global Covenant of Mayors for Climate and 
Energy (GCoM) is one of the largest movements 
engaging municipalities in this agenda. This 
global alliance for city climate leadership has 
raised the commitment of over 10,000 cities and 
local governments that share a long-term vision 
of supporting voluntary action to combat climate 
change. Cities that join the GCoM should 
advance with their specific climate compliance: 
pledge to develop a greenhouse gas emission 
inventory and assess climate risks and set mea-
surable emission targets, ambitious climate adap-
tation goals, and sustainable energy access goals 
in line with the Paris Agreement. Signatories 
agree to formally adopt plans and targets within 
3  years of signing the commitment (GCoM, 
2021). The Urban-LEDS project is one of the 
global initiatives that directly contributes to 
GCoM, collaborating to achieve climate compli-

ance. And in Brazil, it provided specific support 
to Recife and Fortaleza to develop their current 
Local Climate Action Plans, connected to their 
respective municipal laws.

Besides the methods applied within the 
IFWEN project scope for both Brazilian cases, 
aiming to find instruments that can support 
Brazilian municipalities to enhance their plan-
ning and governance strategies, an exploratory 
question was elaborated: can municipal instru-
ments to tackle climate change increase the inter-
connectivity of specific water-energy-food 
sectors at the local level?

For this specific purpose, additional literature 
review and qualitative analysis were conducted 
on the topics of climate change adaptation and 
mitigation, focusing on the experience of two 
Brazilian cities – Recife and Fortaleza – which 
used the same methodology to update their Local 
Climate Action Plan under the Urban-LEDS 
Phase II project.

The Urban Low Emissions Development 
Strategy (Urban-LEDS) addresses integrated 
low-emission and resilient development in more 
than 60 cities in 8 countries: Brazil, India, 
Indonesia, and South Africa (from Phase I) and 
Bangladesh, Colombia, Lao PDR, and Rwanda 
(added in Phase II). In Brazil, selected cities, 
such as Recife and Fortaleza, received tailor- 
made guidance and capacity building to consoli-
date or develop comprehensive Urban-LEDS and 
integrated climate action plans using ICLEI’s 
GreenClimateCities (GCC) methodology. The 
project is funded by the European Commission, 
coordinated globally by the Climate Change 
Planning Unit of the UN-Habitat, and imple-
mented by the ICLEI – Local Governments for 
Sustainability.5

In this section, considerations were made in 
terms of the Florianópolis and São José dos 
Campos cases described previously, and discus-
sions regarding potential interlinkages with plan-
ning instruments to tackle climate change were 
raised, using examples from Fortaleza and 
Recife.

5 https://urban-leds.org/

P. R. Jacobi et al.

https://urban-leds.org/


299

This combined process resulted in the analysis 
and discussion presented in this chapter.

16.3.1  Insights from Local Climate 
Action Plans as a Tool 
to Increase the Nexus 
Potential

Aware of the fact that climate change can affect 
different aspects of the municipal dynamics, 
especially emphasizing the existing challenges, 
Recife and Fortaleza updated throughout 2020 
their Local Climate Action Plans (LCAPs), hav-
ing as the main goal the neutralization of GHG 
emissions by 2050 and improvement of their citi-
zens’ life quality (ICLEI, 2020a, b).

The LCAPs demonstrate how the city strategi-
cally plans to reduce GHG emissions and adapt 
to the consequences of climate change. It aims to 
provide an alignment between sectors and munic-
ipal departments, existing legislation, planned 
projects, and actions. It is an executive, instru-
mental, and dynamic document that presents the 
city’s level of ambition in planning climate 
change mitigation and adaptation (ICLEI, 2020a, 
b).

The process to develop the plans is part of the 
GreenClimateCities (GCC) methodology, com-
posed of nine steps in three phases – analyze, act, 
and accelerate – outlining how climate risks and 
vulnerabilities can be assessed and options (to 
achieve low-to-no emission development and cli-
mate adaptive development) can be identified and 
integrated into urban development policies, 
plans, and instruments. It is also associated with 
measuring, reporting, and verification (MRV) 
logic and consists of a wide range of resources, 
tools, and guidance to support local and regional 
governments to deliver ambitious climate action.

The plan is further based on UN-Habitat’s 
guiding principles which state that climate action 
plans should be ambitious, inclusive, fair, com-
prehensive, integrated, relevant, feasible, 
evidence- based, transparent, and verifiable 
(Un-Habitat, 2015).

Taking into account the guidelines of the GCC 
methodology and the UN-Habitat’s principles for 

climate action plans, relevant actors from both 
cities’ public sector and civil society were identi-
fied to contribute to the plan development 
directly.

The main steps for the content of both cities’ 
plan development were the following:

 (a) Analysis of legislation in place at the city, 
state, and national levels related to climate 
aspects.

 (b) Identification of existing commitments, sec-
toral plans, instruments, and other docu-
ments that demonstrate the city’s commitment 
to the climate agenda.

 (c) Interviews with public managers and offi-
cers, representing the following sectors/
departments: urban planning, infrastructure, 
finance, education, transport and mobility, 
sanitation, housing, and environmental and 
urban services.

 (d) Evaluation of GHG emission scenarios 
through municipal emission inventories 
(using the Global Protocol for Community- 
Scale GHG Emissions – GPC methodology). 
The most recent emission inventory results 
were defined as the baseline for the projec-
tion of future emission scenarios. Evaluation 
of the municipal climate risk assessment, 
which identifies the main climate hazards 
and potential social impacts, is also present-
ing projection under future scenarios.

 (e) Meeting with representatives of Recife and 
Fortaleza’s youth leaders, to collect percep-
tions and suggestions from the different real-
ities of the city, contributing to the refinement 
of principles and actions.

 (f) Organization of participatory workshops and 
formal meetings with Sustainability and 
Climate Change Municipal Committees  – 
COMCLIMA, GECLIMA, and 
FORCLIMA – in addition to representatives 
from academia, the third sector, civil society, 
and the private sector to present, prioritize, 
and validate the main actions to be consid-
ered by both plans (ICLEI, 2020a, b).

Four strategic axes were defined as priorities 
for mitigation and adaptation to climate change 
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in both cities, detailing the goals, targets, actions, 
and results aiming to achieve the ambitious sce-
nario outlined according to the baseline and 
strongly avoiding the business-as-usual (BAU) 
scenario. The four axes are energy, sanitation, 
mobility, and resilience (ICLEI, 2020a, b).

Analyzing these four main axes defined as pri-
orities to tackle climate change at the municipali-
ties’ jurisdictions, its related goals, targets, and 
actions defined under both LCAPs present con-
siderations for a specific question: can municipal 
instruments to tackle climate change increase the 
interconnectivity of specific water-energy-food 
sectors at the local level?

16.3.2  Can Municipal Instruments 
to Tackle Climate Change 
Increase the Interconnectivity 
of Specific Water-Energy-Food 
Sectors at the Local Level?

The information was organized from Fortaleza 
and Recife, under a table that brings together the 
main sectors of nexus (water-energy-food) and 
LCAP axes (energy, sanitation, mobility, and 
resilience).

The analysis only used the information avail-
able in the documents, and any interpretation of 
further reflections was made in terms of potential 
results or unfolding that could result from con-
crete implementation:

• In Table 16.1, the specific content of the goals, 
targets, and actions, specified under Recife 
and Fortaleza LCAPs, of energy, sanitation, 
mobility, and resilience is presented in the 
lines and located under the corresponding 
“nexus column.” Merged cells represent a 
content that corresponds to two nexus 
sectors.

The organization of the content from the 
goals, targets, and actions established under the 
four axes of the LCAPs from Recife and Fortaleza 
(energy, sanitation, mobility, and resilience) 
allowed visualization of the linkages with the 
water-energy-food nexus sectors. Only the con-

tent related to at least one sector of the nexus was 
inserted in the table.

The outcomes show that most of the contents 
is related to the water sector. The majority of the 
identified linkages are between the water and 
energy sectors. This might be related to one of 
the main goals of the LCAPs which is the neu-
tralization of GHG emissions by 2050. Another 
relevant observation is that none of the actions 
presented a direct link with all the three nexus 
sectors. It is important to note that the analysis 
only used the information written in the 
documents.

The image below represents the interlinkages 
and preponderance of nexus sectors related to 
Recife and Fortaleza analysis (Fig. 16.4).

Two actions that already present a link 
between two nexus sectors were chosen, from 
Recife and Fortaleza Local Climate Action Plans, 
to evaluate if possible results, or unfoldings 
related to concrete implementation, could pro-
vide further reflections on the three nexus sectors 
integration. The examples are shown here:

• Implementing ecological sanitation measures, 
such as biological treatment micro-station or 
constructed wetland, can generate organic 
waste/elements that could be used to produce 
compost for community gardens and agrofor-
estry, among others, which would then link 
also with the food sector.

• Implementing low-impact development (LID) 
measures for water management in urban 
watersheds to reduce the speed of rainwater 
runoff, increase water infiltration into the soil, 
and provide alternative sources for non- 
primary uses. These could reduce the con-
sumption of energy related to water or 
wastewater pumping and/or increase water 
availability in reservoirs for energy genera-
tion, which would then link also with the 
energy sector.

Following this exercise, one action was cho-
sen from Florianópolis and São José dos Campos 
cases, which already present a link between two 
nexus sectors, to evaluate if potential results, or 
unfoldings related to concrete implementation, 
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Table 16.1 Analysis of Recife and Fortaleza regarding the FWEN sectors and Local Climate Action Plan axes

Nexus sectors
Food Water Energy

Local 
Climate 
Action 
Plan 
Axes

Sanitation Install, by 2024 (Rec and 
For), composting plant(s) 
with targeted products for 
community gardens and/or 
organic agriculture, and 
schools, associating with 
environmental education 
initiatives

Universalize sewage services with the assurance that the 
treatment of wastewater is carbon neutral by 2050, also 
increasing the use of methane for energy generation (Rec 
and For)
Implement and evaluate the benefits of other ecological 
sanitation measures, such as biological treatment micro- 
station, constructed wetland, evapotranspiration tanks, etc. 
(Rec and For).

Reduce, by 2050, waste 
disposal in landfills up to 50% 
(Rec) and 60.6% (For).
Ensure that the methane 
emitted by the decomposition 
of waste in landfills is burned 
or used for energy in 60% by 
2030 and 100% from 2037 
(Rec) and 50% by 2030 and 
100% by 2D40 (For)

Energy Ensure, by 2037 (Rec) and by 2040 (For), 100% of 
electricity supplied is from renewable sources

Reduce energy consumption in 
all economic sectors by 20% 
(Rec) and 27,6% (For) by 
2050, compared to the BAU 
scenario

Mobility Strengthen the resilience 
capacity of public 
transport systems upon 
extreme weather events 
(Rec)

Ensure that the public transport 
fleet is composed of 100% 
electric vehicles by 2050 (For 
and Rec)

Assess, by 2023, the results of the solar boat project and 
the potential business model for scalability (Rec)
Promote, by 2037, the 
necessary interventions 
to enable the navigability 
of the Capibaribe and 
Beberibe rivers (Rec)

(continued)

16 The Challenges of the Food, Water, and Energy Nexus and Potential Interlinkages with Instruments…



302

Table 16.1 (continued)

Nexus sectors
Food Water Energy

Resilience Foster integrated water 
management to reduce 
climate risks and 
guarantee water security 
(Rec)
Ensure access and supply 
of drinking water to the 
entire population by 
2025 (Rec).
Identify water bodies that 
can undergo 
revitalization and 
renaturalization 
processes by 2023 (Rec)
Create an Urban Water 
Committee to promote 
coordination between the 
institutions responsible 
for supply, sewage, and 
drainage (For)

Implement LIDs in urban watersheds to reduce the speed 
of runoff of rainwater, increase water infiltration into the 
soil, and provide alternative sources for non-primary uses, 
such as green roofs, rain gardens, bio-swales, cisterns, 
wetlands, permeable paving, etc. (For)
Promote systemic management of green areas, including 
afforestation, urban agriculture, municipal parks, and 
APPs (Rec and For)
Promote practices of ecological agriculture and 
agroforestry systems, providing technical support (Rec)
Recognize urban agriculture initiatives that value gender 
equity and cultural diversity (Rec)

Source: Elaborated by the authors.
(For) content-specific from the city of Fortaleza; (Rec) content-specific from the city of Recife

Fig. 16.4 Current integration and preponderance of nexus sectors considered under Recife and Fortaleza Local Climate 
Action Plans. (Source: Elaborated by the authors)
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could provide further reflections on the three 
nexus sectors integration. The examples are 
shown here:

Florianópolis
• The use of organic compost for gardens and 

urban agriculture could also generate renew-
able energy through biogas and reduce waste 
in landfills that do not capture the methane, 
which would then link also with the energy 
sector.

São José dos Campos
• Promote sustainable agroecological practices 

in rural areas to protect water springs in the 
region; seeking increased water availability 
can also increase water availability in reser-
voirs for energy generation.
These examples above demonstrate that it 

might be possible to increase the integration 
between the FWEN sectors, through a specific 
GBI measure which could also be included under 
more cross-cutting municipal instruments, such 
as Local Climate Action Plans, therefore rein-
forcing the role of integrated instruments in pro-
moting broader governance of municipal aspects.

The cases analyzed under this section present 
that the nexus logic can be enhanced in some 
aspects. According to the image below, one of the 
main potentials of the nexus approach is to 
increase the integration between sectors. The 
cases present one stronger sector  – integrating 
with another sector, but no concrete integration 
between the three of them, as predicted in a high 

integration nexus circumstance, was identified 
(Fig. 16.5).

According to Covarrubias (2020), this lack of 
integration presents an important possibility to 
improve the overall sustainability performances 
of urban infrastructures and governance.

The innovation approaches, specifically focus-
ing on GBI, from Florianópolis and São José dos 
Campos, already demonstrate some original 
improvements in more sustainable urban mea-
sures. These are also tackling other important 
specific aspects for local context such as waste 
management, in the case of Florianópolis, and 
economic mechanisms, such as the payment for 
environmental services to small-scale farmers in 
São José dos Campos.

These examples imply a clear understanding 
that an “urban nexus” approach assumes that 
socio-material flows interact and relate to one 
another in promoting cross-sectoral policies 
toward the attainment of a synergic urban sus-
tainable development within a context of climate 
change. The main challenge is to overcome the 
prevailing logic based on addressing and formu-
lating policies in silos that do not guarantee 
simultaneous attainment of WEF security as well 
as environmental sustainability (Bhaduri et  al., 
2015: 726).

Interdisciplinary approaches to urban nexus 
can support more collaborative efforts across sec-
tors, scales, and jurisdictions, enabling new 
technical- scientific and societal capacities to 
anticipate changes and effectively respond to 
emerging risks (Sperling & Berke, 2017). 

Fig. 16.5 General three types of nexus sectors integration. (Source: Adapted from Sperling and Berke 2017)
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Especially with the analyses of the case from 
Recife and Fortaleza, the process to develop 
Local Climate Action Plans also presents a poten-
tial to use this multidisciplinary municipal instru-
ment to foster this sectoral integration.

16.4  Conclusion

Municipal governments face complex challenges 
and can be directly or indirectly influenced by 
global circumstances, as explored under this 
chapter, especially by climate change or global 
pandemics, such as COVID-19. Also, facing an 
internal scenario in the public administration of 
lack of financial resources, technical capacity, 
mid-long-term strategic planning, traditional silo 
thinking, and operating, it is imperative to find 
better ways to improve existing dynamics.

The Brazilian cases presented in this article 
demonstrate improvements in parts of these 
complex approaches and also indicate potential 
ways to keep increasing more effective integra-
tion. The reflections arising from the analysis of 
the Local Climate Action Plan (LCAP) develop-
ment methodology indicate a good potential to 
bring different actors, especially related to 
nexus sectors, to the same table to define strate-
gic actions to tackle climate change at the local 
level. It is important to note that, currently, the 
main LCAP goals still have a stronger focus on 
GHG emission reduction. However, increasing 
the capacity to adapt to extreme weather events 
and improve the overall resilience of the terri-
tory, its citizens, and local systems is also an 
important highlight that is being considered in 
the recent versions of these plans. In future 
plans’ versions, there might be more balance 
between mitigation and adaptation goals, tack-
ling other nexus aspects.

An important point to be considered under the 
Brazilian context is that the concept associated 
with WEF does not recognize inequalities in 
access to water, energy, and food. These aspects 
should be considered as relevant components in 
building pathways in the sense of sustainability. 
Also, it maintains the importance associated with 

the demands of human needs, disregarding the 
pressures on ecosystems and their services that 
could put at risk biodiversity conservation or 
increase climate emergency.

Cities can be seen as nodes that demand 
increasing resources. It is crucial to articulate 
sectors, actors, resources, infrastructures, poli-
cies, and utility services to reach a satisfactory 
level for the provisioning of water, energy, and 
food. Finding ways to unite bottom-up, top- 
down, multilevel, multi-sectoral, and multi-actor 
efforts that together can improve local gover-
nance seems to be a common imperative from the 
nexus and climate approaches at the local level. 
As some cities have been experimenting, initia-
tives in this direction represent an innovative 
trend that depends very strongly on the role of 
local authorities. And their understanding of what 
is at stake by establishing an articulated and inte-
grative network of socio-institutional agenda of 
transformations directed toward a more equitable 
and sustainable future.
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Abstract

Food loss and waste is a global problem that 
affects several countries on all continents. The 
closer to the demand side of the supply chain, 
the greater the impact of food losses and waste 
in economic, environmental, nutritional, and 
social terms. This occurs mainly because it 
has a significant impact from the embedded 
emissions, labor, water usage, financial invest-
ments, and other resources and process associ-
ated with food production, processing, 
transport, and retailing. This chapter describes 
the food bank operation and discusses the 
challenges faced by a food bank in the munici-
pality of São Paulo to redistribute food that 
would be discarded. It focuses on efforts pro-
moted to shorten and improve supply chain 
coordination and improve food and nutritional 

security to vulnerable urban communities, 
being an alternative to lessen the impacts on 
climate change and other environmental, eco-
nomic, and social issues related to sustainabil-
ity. Implications for achieving the SDGs and 
an agenda for future research are proposed. 
The relevance of this discussion lies in the fact 
that to achieve the objectives of the Agenda 
2030 and to be able to promote changes in 
relation to climate change, it is necessary to 
know the possible interventions to reduce 
food waste, how they work, and the challenges 
faced and their impacts.

Keywords

Food waste · Food redistribution · Food banks 
· Emissions · SDGs

17.1  Introduction

Food loss and waste (FLW) can be defined as a 
decrease in the quantity or quality of food along 
the food supply chain. Empirically, it considers 
food losses as occurring along the food supply 
chain from harvest/slaughter/catchup to, but not 
including, the retail level. Food waste, on the 
other hand, occurs at the retail and consumption 
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level (FAO, 2019, p. 14). Both FLW have become 
a major global issue that threatens sustainable 
food systems and generates negative externalities 
in economic, environmental, nutritional, and 
social terms (Campoy-Muñoz et  al., 2017; 
Kazancoglu et al., 2018; Papargyropoulou et al., 
2014; Thyberg & Tonjes, 2016; United Nations 
Environment Programme, 2021).

Regarding the environmental aspect, the 
impacts of FLW on water resources and climate 
change are widely identified by academic litera-
ture. The interrelationship between these various 
elements is discussed in the literature as the food- 
water- energy nexus. This concept emerged in 
response to climate change and social changes 
including population growth, economic growth, 
globalization, and urbanization (Hoff, 2011) 
causing increased pressure on water, energy, and 
food resources. As these resources have complex 
interactions, these pressures lead to an increasing 
number of trade-offs among them. Demands for 
water, energy, and food are estimated to increase 
by 40%, 50%, and 35%, respectively, by 2030 
(US NIC  – United States National Intelligence 
Council, 2012). There are several studies seeking 
to better understand this complex phenomenon, 
the impact, and possible interventions. Endo 
et  al. (2017) provide a good review of studies 
evaluating water-food nexus, water-energy nexus, 
and water-energy-food nexus. When it comes 
specifically to food waste analyses, for example, 
many studies calculate the greenhouse gas emis-
sions due to wasted food using life cycle assess-
ment (LCA) (Venkat, 2011) or the impact on 
water resources (Chapagain & James, 2013). It is 
possible to identify studies conducted in Sweden 
(Brancoli et  al., 2020), the UK (Quested et  al., 
2011), and the United States (Venkat, 2011), 
among others. These studies found that the closer 
to the demand side of the supply chain, the greater 
the impact of FLW. This occurs mainly because it 
has a significant impact from the embedded emis-
sions, labor, water usage, financial investments, 
and other resources and process associated with 
food production, processing, transport, and retail-
ing (Garnett, 2008). For this reason, food waste 
has a more negative impact than food losses. 
Therefore, this chapter will focus on food waste.

The greater impact of food waste in the final 
stages of supply chains has a significant implica-
tion for large urban centers, as their supply chains 
are generally extended and food travel longer dis-
tances. This is the case of the city of São Paulo, 
the largest financial and economic center of the 
Brazil and South America. Managing food sup-
ply in large urban cities, such as São Paulo, is not 
a trivial task. According to Kawano et al. (2012), 
it involves aspects of large distances, perishabil-
ity, and supply chain coordination. When the sup-
ply process is not efficient, it can generate high 
levels of food waste. São Paulo presents a situa-
tion that reflects the case of almost 50 megacities 
in the world, such as Tokyo (Japan), Jakarta 
(Indonesia), Shanghai (China), New York (United 
States), Mexico City (Mexico), Delhi (India), and 
Moscow (Russia), among others.

Actions aimed at reducing food waste in large 
urban centers can bring benefits related to cli-
mate change, water use, and other environmental, 
economic, and social aspects. A new agenda 
recently pulled together these efforts to reduce 
food waste in the 2030 Agenda for Sustainable 
Development, which must be adopted by all UN 
(United Nations) member countries. The 2030 
Agenda addresses areas of crucial importance to 
humanity and to the planet, such as ensuring sus-
tainable production and consumption patterns 
and achieving food security. The United Nations 
Sustainable Development Goal (SDG) Target 
12.3 is “by 2030, halve per capita global food 
waste at the retail and consumer levels and reduce 
food losses along production and supply chains, 
including post-harvest losses” (UN General 
Assembly, 2015). One billion extra people could 
be fed if FLW is reduced by half (Kummu et al., 
2012). Reducing FLW also has the potential to 
contribute to SDG 2 (to end hunger, the achieve-
ment of food security and improved nutrition), 
SDG 6 (sustainable water management), SDG 13 
(climate change), SDG 14 (marine resources), 
SDG 15 (terrestrial ecosystems, forestry, biodi-
versity), and many other SDGs (FAO, 2019).

In this sense, food waste prevention generates 
the best positive impact regarding environmental, 
economic, and social aspects. The next preferred 
option to handle this problem would be food 
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redistributing to vulnerable people, in the case of 
foods that still conserve quality and nutritional 
value for human consumption (USEPA, 2018). 
The Food Recovery Hierarchy elaborated by the 
US Environmental Protection Agency (USEPA, 
2018) is available in Fig. 17.1.

Regarding food redistribution, Brazil is inter-
nationally recognized for its well-structured food 
bank network. The Brazilian Network of Food 
Banks was created to strengthen and integrate the 
performance of food banks and help the reduc-
tion and prevention of food waste. Currently, 
there are 249 food banks identified by the net-
work. Food banks receive donations of food 
 considered to be nonstandard for marketing but 
adequate for consumption. Food is passed on to 
nonprofit civil society institutions that produce 
and distribute free meals to people in situation of 
food vulnerability (Henz & Porpino, 2017). 
According to data provided last year by the 
Brazilian government, these establishments 
redistributed 59 thousand tons of food in the 
country, supplying 5,894,201 people in a situa-
tion of social and economic vulnerability, and 
helped 17,182 social institutions (CAISAN, 
2021).

The role of managing a public food bank 
poses many challenges. Food banks are the main 

intermediary for receiving donations from pro-
ducers, processors, distributors, and retailers. 
The food bank has a main role to select what is fit 
for consumption and redistribution among chari-
ties, nursing homes, schools, or low-income 
social groups. There are several barriers to 
improving the management of a food bank by a 
municipality such as regulation, urban logistics, 
assurance of nutrition quality of donations, and 
lack of resources, among many others.

This chapter describes food bank operation 
and discuss the challenges faced by a food bank 
in the municipality of São Paulo to redistribute 
food that would be discarded. It focuses on efforts 
promoted to shorten and improve supply chain 
coordination and improve food and nutritional 
security to vulnerable urban communities, being 
an alternative to lessen the impacts on climate 
change and other environmental, economic, and 
social issues related to sustainability. Implications 
for achieving the SDGs and an agenda for future 
research are proposed. The relevance of this dis-
cussion lies in the fact that to achieve the objec-
tives of the Agenda 2030 and to be able to 
promote changes in relation to climate change, it 
is necessary to know the possible interventions to 
reduce food waste, how they work, and the chal-
lenges faced and their impacts.

Fig. 17.1 Food 
recovery hierarchy. 
(Source: USEPA, 2018)
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17.2  Literature Background

It is estimated that 25–33% of all the food pro-
duced in the world is either lost or wasted 
(Gustavsson et  al., 2011). The waste of food 
impacts directly the supply and demand, increas-
ing the value of food and consequently contribut-
ing to spread food poverty worldwide. There are 
other collateral effects that can be observed 
because of food waste. As an example, we have 
the increase of water consumption and the envi-
ronmental exhaustion of resources, besides the 
increase of generation of carbon dioxide (CO2) 
equivalent emissions with no counterpart 
(Baglioni et  al., 2016). Almost 50% of organic 
resources captured are wasted, and when observ-
ing organic contributors to CO2 emissions, food 
waste is the highest contributor (Brenes-Peralta 
et al., 2020). Consequently, the disregard for food 
waste causes economic, social, and environmen-
tal constraints.

Estimates suggest that 8–10% of global green-
house gas emissions are associated with food that 
is not consumed (United Nations Environment 
Programme, 2021). It represents a waste of 
resources used in production, such as land, water, 
labor, energy, and inputs to produce food that is 
also wasted. It also leads to unnecessary CO2 
emissions and air pollution caused by farm 
machinery and trucks that transport food. 
Moreover, food waste represents a loss of eco-
nomic value of the food produced (Gustavsson 
et al., 2011; Kummu et al., 2012; Lundqvist et al., 
2008; Nellemann et al., 2009).

The food waste in Brazil has particularities 
when compared to other developing countries, as 
the lack of quantitative data in Brazil is an issue 
and the estimation of how much food the country 
wasted is scarce of precise explanations. Besides 
a considerable harvest lost, similar to other 
emerging countries, the amount of food that 
Brazilian households put away is high. To under-
stant this context, we need to consider some cul-
tural aspects, like cooking large portions more 
than necessary, which is a sign of wealth, which 
make families willing to have abundant food 
stocks which are highly valued (Porpino, 2016). 
The hyperinflation that Brazil faced in the early 

1980s and 1990s forced people, especially low- 
income families, to maintain monthly food stock-
piling in the house.

Strategies to tackle FLW are therefore needed 
to achieve environmentally sustainable food pro-
duction (Foley et al., 2011) while ensuring food 
security (Godfray et  al., 2010). A reduction of 
FLW would have a substantial positive effect on 
natural and societal resources. It would not only 
avoid pressure on scarce natural resources but 
would also decrease the need to raise food pro-
duction to meet the 2050 population demand 
(FAO, 2013; Parfitt et al., 2010). In fact, one bil-
lion extra people could be fed if half reduced 
FLW. It is considered one of the most promising 
measures to improve food security in the coming 
decades (Kummu et al., 2012).

The Universal Declaration of Human Rights, 
proclaimed at the General Assembly of the 
United Nations in 1948, states the fundamental 
human rights to be universally protected and that 
includes the right to access adequate food 
(General Assembly of the United Nations, 1948). 
According to the Food and Agricultural 
Organization (FAO) of the United Nations, “food 
security exists when all people at all times have 
physical, social and economic access to suffi-
cient, safe and nutritious food to meet dietary 
needs and food preferences for an active and 
healthy life” (FAO, 2009, p. 8).

When analyzing the Brazilian reality before 
COVID-19, the Brazilian Institute of Geography 
and Statistics (IBGE, 2013) reports that 22.6% of 
the Brazilian population were in food insecurity 
situation. When considering urban areas, IBGE 
evaluated that 6.8% of the residences were in the 
food insecurity spectrum. Paradoxically, food 
waste reaches 1.3 billion tons per year world-
wide, and FAO (2020) estimates that the food 
production will need to increase about 50% by 
2050 to feed the growing world population con-
sidering that the rates of food loss and waste will 
be maintained.

For this reason, Brazil promotes actions aimed 
at food insecurity, even when the problem is also 
very widespread in terms of environmental 
impacts. It is in this context that food banks 
emerge. In 1993, the food security and nutrition 
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public policies started to be under the responsi-
bility of the Ministry of Social Development. The 
ministry established the creation of the National 
Council for Food Security (CONSEA), and after 
that, several governmental initiatives were 
adopted to reduce food insecurity and improve 
access to food. In the early 2000s, CONSEA cre-
ated the National System of Food Security and 
Nutrition (SISAN) and launched the National 
Policy of Food Security and Nutrition (PNSAN), 
two national plans, and held five national confer-
ences (Machado, 2017). In June 2020, because of 
the pandemic crises, the Act #14.016 to establish 
the responsibility of food donors was approved, 
guarantying they will not be legally responsible 
for any problems, unless bad faith is proven.

In this sense, food banks are important instru-
ments to reduce food waste. Food bank is defined 
as a food supply and security initiative that must 
capture and redistribute food from donation and, 
therefore, without commercial value, but safe for 
human consumption. Food banks can be consid-
ered the link between supply and demand in food 
supply chains. In Brazil, the food bank program 
is part of the integrated policies developed by the 
Operational Network of the National Food and 
Nutritional Security System.

The definition of Ordinance No. 17, of April 
17, 2016, which establishes the Brazilian 
Network of Food Bank (BNFOOD BANKS), 
states the objective of food banks as (BRASIL, 
2016):

[…] supply initiative, which aims to combat hun-
ger and food insecurity through the collection of 
donations of food that would be wasted along the 
production chain. Such initiatives can be Public – 
under the management and responsibility of sub-
national entities, in other words, states and 
municipalities – or they can be Private – under the 
management of non-profit social interest civil soci-
ety organizations. (BRASIL, 2016)

Regarding the operational structure of the 
food banks, the Brazilian Food Bank Network 
presents the following definition:

§1 […] physical and / or logistical structures that 
offer the capture service and / or free reception and 
distribution of foodstuffs from donations from the 
sectors private and/or public and which are directed 

to public or private institutions characterized as 
providers of social assistance, protection and 
defense services education and justice units, health 
establishments and other health units food and 
nutrition.‘§ 2 ° The logistical structures mentioned 
in § 1 refer to methodologies of the type ‘Urban 
harvest’, which are characterized by the immediate 
collection and delivery of food donated, excluding 
the need for a physical location for storage. 
(BRAZIL, 2016)

Since food banks are nonprofit organizations, 
the mechanisms developed by them to promote 
their mission can be rudimentary depending on 
the sponsors and local regulations involved. In 
the context of humanitarian supply chains, redis-
tribution of food via food banks addresses envi-
ronmental, economic, and social objectives 
(Facchini et al., 2018). Martins et al. (2019) con-
sider the diversity of objectives may cause con-
flicts, since the food bank needs (a) to be efficient 
(maximizing the fundraising and redistribution at 
the lowest cost possible), (b) to promote social 
sustainability (reaching the greatest number of 
social assistance institutions and attending them 
in the fairest way possible), and (c) to mitigate 
the environmental impact (reducing CO2 emis-
sions through the reduction of food losses).

The food bank structure as humanitarian sup-
ply chain includes a strong correlation to logistic 
issues and components, what suggests the impor-
tance of operationalizing the logistic system in 
order to promote access to food for vulnerable 
population. As nonprofit systems, the resources 
(financial, logistical, and structural, among oth-
ers) are often nonrecurring besides scarce; in 
other words, food banks are exposed to a consid-
erable uncertainty and risk (Fianu & Davis, 
2018). Additionally, as a humanitarian initiative, 
the resources acquired and managed by these 
organizations need to be well allocated, and these 
allocations need to be transparent to the civil 
society. Consequently, it is important to under-
stand and monitor key drivers of the performance 
that can help to improve the operations (Martins 
et al., 2019).

Matzembacher et  al. (2021) emphasize the 
importance of institutional stakeholders to lead 
the agenda whose objective is food loss reducing 
or food redistribution. The authors observed 
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systematically the stakeholder’s interactions, 
which involve deliberating and deciding how to 
solve operating problems. However, the pro-
cesses to coordinate and legitimize multiple 
stakeholders can be costly, especially when the 
stakeholders have different compliance standards 
and interests. It is in this context that better 
understanding how food waste redistribution 
occurs through food banks, what challenges they 
face, and implications for achieving the 
Sustainable Development Goals is relevant: they 
are essential to reduce the negative environmen-
tal, social, and economic impacts of food waste.

17.3  Methods

The municipality of São Paulo’s food bank case 
study was elaborated based on two in-depth inter-
views with the food bank manager carried out 
virtually during April and May 2020, a virtual 
meeting with the sustainability manager from 
one of the largest retail chains in Brazil and main 
donor to this food bank in June 2020, and a webi-
nar with NGOs (nongovernment organizations) 
that receive the food bank donations in November 
2020. The data analysis was exploratory, aiming 
to understand main challenges during the 
COVID-19, and was crossed with public data 
available (websites, reports, and articles in news-
papers). Then, a narrative was elaborated and dis-
cussed with the food bank staff and is partially 
reproduced in the section below. The case presen-
tation aims to illustrate the main theoretical 
discussion.

17.4  Case: The Operation 
and Challenges Faced by 
a Food Bank 
in the Municipality of São 
Paulo

The food bank of the city of São Paulo is a public 
institution that aims to purchase food from family 
farming and collect food from the food indus-
tries, retail chains, and wholesalers that are food 
considered to be nonstandard for marketing but 

adequate for consumption. These foods are 
donated to assistance entities, previously associ-
ated with the food bank. Their mission is to con-
tribute to reduce hunger and food waste in the 
municipality of São Paulo. This food redistribu-
tion allows the nutritional complementation of 
meals served to thousands of children, youth, 
adults, and the elderly daily.

Any person, physical or legal, company, or 
public agency can become a food donor. The 
food bank team receives the food, selects those 
that are suitable for consumption, and delivers 
them to the assistance entities. These entities are 
in charge of distributing the food to the popula-
tion, either through ready meals or direct transfer 
to low-income families. In return, the entities 
participate in training and educational activities 
related to food handling, preparation, etc.

The food bank manager understands that its 
value proposition is to help companies that pro-
duce and distribute food in social projects 
against hunger in the country and to preserve the 
environment by reducing organic waste. In addi-
tion to redistributing food, this food bank also 
works with companies and schools. The purpose 
is to raise awareness to generate a permanent 
culture change in relation to food waste, in addi-
tion to encouraging more people to donate food. 
The lectures have themes related to healthy eat-
ing, nutrition, full use of food, and dissemina-
tion of the work made by the food bank talking 
about social and food waste recovery 
indicators.

The food bank does not formally assess 
whether its operations are linked to a positive 
environmental impact. The data available informs 
that considering the year 2019, an average of 32 
tons of food is collected per month. After evaluat-
ing products with sanitary conditions for con-
sumption, the monthly donation average is 23 
tons of food per month. They focus more on 
social issues, emphasizing that their action jointly 
addresses the problem of hunger and social 
exclusion. The distribution of food satisfies the 
basic need, while their educational actions pro-
mote greater use of the nutrients provided, 
enabling a more tasty and balanced diet. 
According to them, the impact of their action is 

L. M. Vieira et al.



315

that the hunger cycle is interrupted and the cycle 
of social inclusion is favored. Therefore, the 
focus of their action is to contribute directly to 
SDG 2 – to end hunger, the achievement of food 
security and improved nutrition  – even though 
the impacts of their action permeate the goals 
related to, for example, food waste reduction, 
sustainable water management, climate change, 
terrestrial ecosystems, forestry, and biodiversity. 
Despite this, their action is crucial to improving 
the use of natural resources, being able to con-
tribute directly to reducing greenhouse gas 
emissions.

An example of food redistribution made by 
the food bank that generates a shortening of the 
chain in a large urban town is described as fol-
lows. The municipality of São Paulo has been 
performing a campaign to combat food waste. 
Within this campaign, a pilot project has recently 
been initiated to redistribute surplus food from 
street markets that would otherwise have been 
thrown away, either because they were not sold 
due to lack of demand or because the appearance 
of the food was ugly even though it had good 
nutritional value. The city of São Paulo has 
almost 900 street markets that are organized by 
vendors in different streets every day supplying 
fresh food to citizens. It is a traditional distribu-
tion channel that provides food near urban 
households.

As of mid-April 2019, before the pandemic, 
eight street markets were involved, with the ini-
tial ambition to expand it. On average, 120–
200 kg of food is collected at each street market, 
sometimes up to 250  kg depending on the day 
and situation. The food waste from the street 
market is collected, measured, and transported to 
the municipal food bank, where more than 300 
charity institutions can retrieve and redistribute it 
to people in need.

The pilot project is financed by the municipal-
ity of São Paulo. The municipality initiated this 
project to redistribute the food that was previ-
ously being thrown away after the street markets 
close and driven to landfills. The environmental 
impact related to carbon footprint, water foot-
print, land use, and biodiversity, as well as mak-
ing economic assessments, and social impact of 

throwing this food waste have never been 
measured.

Food bank managers mention that the cause of 
the problem in street fairs is related to supply 
chain coordination and logistics. In their percep-
tion, the street market vendors go to CEAGESP 
(main wholesaler in São Paulo and the largest 
one in Latin America) every day to buy the food 
they intend to sell and do not have any space to 
store it after the street market closes. Most of 
them are usually unable to bring the food from 
one street market to another unless they have cold 
storage or another place to sell the products that 
isn’t a street market, like a small grocery store or 
other. Technology and food cooling problems are 
common in Brazil, especially in small producers, 
traders, and street vendors. This process might 
however differ depending on the price of the 
products sold. Vendors selling more expensive 
products have a greater incentive to retrieve their 
products, while vendors selling cheaper prod-
ucts – like lettuce – will probably opt to throw it 
away. After discussions with street vendors, the 
municipality of São Paulo found that food waste 
is considered by these individuals as a problem 
inherent to food commercialization, that is, they 
don’t care about that since they understand that 
it’s something that is expected to happen. They 
are aware at the time of purchase that they will 
have to throw some food away, but according to 
them, they are unable to buy less since a larger 
quantity presents better at the market and gives 
the customer an impression of quality. Moreover, 
the vendors have expressed that it is difficult to 
buy smaller quantities at CEAGESP. The whole-
salers come to the terminal market expecting to 
sell their whole trucks, so if the vendors request 
smaller quantities, they will charge higher prices 
for less quantity of food.

According to the São Paulo municipality rep-
resentatives, it has been easy to get the street ven-
dors involved in the project. The food bank team 
has simply showed a promotional video about the 
project, and the street vendors have immediately 
been willing to cooperate and give their surplus 
food to the food banks. The video shows both 
other vendors donating food and thereafter the 
people who are being helped by their donations. 
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Because of the geographical constraints due to 
the location of the food bank, the project has only 
taken place in downtown São Paulo. The variety 
of products received might vary if the collections 
were to take place in the periphery, but it is 
believed that the street vendors’ attitude toward 
redistribution would be the same.

The collection of the surplus food at the street 
markets is done by two employees on each street 
market by giving the vendors boxes in which they 
can collect food that is edible but that they will 
not be able to sell during the day. From what was 
observed, workers from the municipality arrive at 
1 pm to deliver these boxes at the markets and 
thereafter collect them as the vendors succes-
sively close their stalls for the day. On the market 
observed, a large majority of the stall vendors 
choose to donate their surplus. The three vendors 
interviewed stated that they buy their fruits three 
times a week and store them in their trucks. Alike 
the vendors interviewed on previous markets that 
were not part of the pilot project, these vendors 
explained that they try to sell as much as possible 
by reducing the price but what they cannot sell 
and will not be fit for selling the following day is 
donated. The effort that they put on the clearance 
sale seems to vary however with one vendor stat-
ing that he gradually lowers the price and finally 
donates the rest whereas another vendor prefers 
to donate rather than to sell at a very low price. 
This also enables him to offer fresher products to 
his customers.

The project has increased the amount of food 
collected by charities to more than 400 during 
the pandemic. The connection between charity 
institutions and street markets is direct  so that 
they can be in charge of collecting without 
involvement from the municipality. The initial 
proposal was for the fairs to supply the entities 
that receive the food directly to reduce processes 
and the risk of food loss, but these systems were 
not well accepted. The model that worked was 
the food bank receiving these products from the 
fair, sorting the quality of food for consumption 
and then donating to the entities. The negative 
point of this model is that it requires more dedi-
cation of the team’s time and a greater need to 
move the food. Since there are over 800 street 

markets in São Paulo, the odds of there being 
one close to each of the 400 charities are very 
high. This would in time enable the redistribu-
tion of food to have a greater geographical 
spread since it is currently limited to the proxim-
ity of the sole municipal food bank that exists in 
the city. The participating charities are trained in 
relation to food cleaning and storing and utiliza-
tion of the whole products but mainly the mea-
surement of the collected food before they start 
operating. This is so that the municipality can 
still have control over how much food is col-
lected and what is done with it.

The biggest challenge for the food bank is the 
variability of the volume of food available for the 
charities. The food that is collected from the 
street markets is brought to the location by the 
food bank employees and thereafter sorted, 
cleaned, and quality checked. The fruits and veg-
etables are thereafter stored in cold storage for 
the charities to collect. All the donated food is 
quantified by direct weighing. This is done both 
before and after it is sorted, creating data on both 
the edible and inedible food donated. The waste 
generated by the food collected from the market 
is only 1% of what is collected, much lower than 
the supermarkets’ 25%. This is surprising due to 
the fact that all of the street markets’ products are 
perishable while the supermarkets’ products are 
not, but it is explained that the supermarkets’ 
products have been displayed longer and handled 
more by the customer which results in more dam-
ages. The data the municipality currently consid-
ers to be lacking is of the food that isn’t collected, 
how much of it is still edible but in worse quality, 
and how much is avoidable.

The food bank also faces other issues in its 
operation, such as the following:

 (1) There is no system for the periodic distribu-
tion of donated food among the institutions – 
lack of predictability in donation.

 (2) There is a difficulty for the associated institu-
tion to withdraw the donation, as they do not 
have financial resources for hiring transpor-
tation – this limits donations.

 (3) Donations are made without considering the 
“profile” of the institutions.
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 (4) There is difficulty in disseminating and rais-
ing awareness of the purpose and importance 
of public facilities as is the case of this food 
bank to potential donors and the city hall 
itself.

 (5) The reports with the data of the donations 
received are prepared without criteria of 
periodicity and visual standard – lack of vis-
ibility about donations and food waste 
reduction.

 (6) There are overload and centralization of the 
team.

Some project proposals to improve the pro-
cesses of the food bank that are being discussed 
and/or developed are the elaboration of a web-
site to provide information and attract more 
donations, make a standardization of food 
donated according to the needs of the entities, 
create the routes and periodic collection of 
donations organized by proximity to the donor 
establishments, and establish partnerships with 
food delivery companies and the industry. 
However, in order to advance in these future 
projects, the food bank first needs to solve some 
of its operational problems. Overcoming these 
problems is essential to scale and increase the 
environmental, social, and economic impact of 
this food bank.

17.5  Implications for Achieving 
the SDGs and an Agenda 
for Future Research

The first step in the discussion between food 
redistribution and its impact on reaching SDGs 
(e.g., SDGs 2, 6, 12, 13, 14, and 15) is to under-
stand how food banks can help achieve these 
goals. In addition to knowing the mode of opera-
tion and the challenges faced by these initiatives 
such as the one described, the case presented 
related to the food bank in the municipality of 
São Paulo brings some lessons related to the 
necessity to consider four important elements: 
(1) the replication of these initiatives, (2) coop-
eration between different stakeholders, (3) inclu-
sion in public policies related to sustainability, 

and (4) measurement of the impact of this type of 
intervention.

The initiative by the food bank in the munici-
pality of São Paulo could be replicated by other 
food banks in Brazil in relation to collaboration 
with street markets. It is a necessary action to 
promote change maximization. Hoolohan et  al. 
(2018) agree on the importance of scale to pro-
mote changes that impact on the water-energy- 
food nexus and, consequently, on reaching SDGs. 
According to Perrini et al. (2010), replication of 
these initiatives increases impact and induces 
social change. Disseminating case studies helps 
to foster this type of initiative, but it is necessary 
that the managers of these food banks be attentive 
to this type of opportunity and develop coopera-
tion with other stakeholders.

Cooperation between different stakeholders is 
an element of success in this Brazilian initiative. 
The literature emphasizes the importance of col-
laborative approaches between supply chain 
stakeholders and governments as essential for the 
implementation of the innovation processes that 
minimize the trade-offs when it comes to water- 
energy- food nexus (da Rosa et  al., 2021). This 
logic is also valid for food banks. Kibler et  al. 
(2018) also propose that a sustainable manage-
ment of food waste involves varied mechanisms 
and actors at multiple levels of governance, since 
food waste influences the capacity to reach SDGs 
as collective decision-making at the societal level 
regarding methods of food production and con-
sumption. However, as proposed by 
Matzembacher et  al. (2021), the processes to 
coordinate and legitimize multiple stakeholders’ 
relations can be costly, especially when they have 
different compliance standards and interests. 
Therefore, it is proposed that cooperation needs 
to be well planned and integrated in a way that is 
beneficial to everyone and manages to mitigate, 
as far as possible, conflicting interests, to be pos-
sible in the long term.

In this sense, the inclusion of public policies 
plays an important role. As proposed by Kibler 
et  al. (2018), government is a key component, 
since it has a direct impact on the food-energy- 
water system through its regulatory powers over 
land use and through its allocation of resources 
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for policy and programmatic initiatives. In the 
case analyzed, the initiative was possible because 
it arose from a cooperation between the munici-
pality of São Paulo and different stakeholders. 
This type of action needs to be encouraged by the 
government, discussed, and included in a broader 
sustainability agenda, not only regulatory but 
incentive policies.

Actions that seek the replication of these ini-
tiatives through cooperation between different 
stakeholders and public policies need to consider 
that food waste is a complex problem, with an 
impact on climate, biodiversity, energy, and soil 
and water issues, and that solutions need to be 
holistic. De Laurentiis et  al. (2016) give a few 
examples: food production requires water directly 
to grow crops. This water usually requires pump-
ing and treating, which requires energy; in turn 
electricity production is dependent on water for 
cooling and steam generation. Energy and water 
are further required for processing, packaging, 
transport and storage, preparation from the end 
user, and ultimately final disposal of food. This is 
the water-energy-food nexus. According to Lal 
(2016), there has been a growing emphasis on the 
adoption of the nexus approach for addressing 
complex problems because of the widespread 
realization that the focus thus far has been on 
only one component, which has often aggravated 
the problems and exacerbated adverse conse-
quences. The big goal is to maximize synergies 
and minimize trade-offs (De Laurentiis et  al., 
2016; Lal, 2016). One way to minimize these 
trade-offs is associated especially with environ-
mental innovation (da Rosa et al., 2021).

One question that needs to be highlighted is 
that current studies on the food-energy-water 
nexus seeking to provide pathways to reach 
SDGs do not capture effects on human health 
(Slorach et  al., 2020) and other social-related 
issues. The contradictions between food poverty 
and insecurity affecting a large section of the 
global population and the everyday wastage of 
food must also be considered as part of this 
nexus. In fact, the understanding that food waste 
is part of a more complex problem brings up 
questions about human health, since the initia-
tive by the food bank in the municipality of São 

Paulo helps to solve the problem of food insecu-
rity and hunger by redistributing food and pro-
moting education initiatives. This is extremely 
relevant for a nation like Brazil and many other 
countries. For example, the 2018 report by the 
United Nations (UN) Food and Agriculture 
Organization (FAO) highlights the rise in global 
percentage of hunger for the third consecutive 
year, and according to the World Health 
Organization (2021), globally, nearly 80% of 
children live in countries where at least one data 
point on stunting, wasting, and overweight is 
less than five years old. The coronavirus 2019 
disease (COVID-19) pandemic increased these 
global food insecurity alerts, since it led to food 
shortages, increased food prices, and loss of 
income (Paslakis et  al., 2020). Therefore, food 
waste is more complex as it is part of food-
energy-water-health nexus.

An issue that draws attention in relation to the 
operation of the food bank in the municipality of 
São Paulo is that, although there is some data 
regarding the operation of this initiative, there is 
no measurement of the environmental impact 
caused by them. To date, there is no knowledge 
of studies or actions that have measured the 
potential positive impact of these initiatives in 
relation to carbon footprint, water footprint, land 
use, and biodiversity, as well as making eco-
nomic assessments, and social impact. This 
observation provided by our case is aligned with 
Kibler et  al. (2018), who identified that little is 
known about the energy and water consumed in 
managing food waste. Some authors (e.g., see De 
Laurentiis et  al., 2016; Eriksson et  al., 2015; 
Matzembacher et al., 2020) understand that LCA 
is considered to be a major tool for measurement 
when it comes to food waste issues and to guide 
a shift toward sustainable food systems. The 
example presented showed evidence that the food 
bank itself does not perceive its potential to help 
Brazil to achieve the SDGs nor is not able to 
measure its environmental positive impact. 
Research funding agencies and academics may 
be aware of this gap. Making these measurements 
is essential to help achieve the objectives of the 
Agenda 2030 but also to analyze the feasibility of 
promoting such initiatives, investing resources in 
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research, cooperation activities, and the formula-
tion of public policies.

In addition, the environmental impact of 
throwing food waste into landfills, as it was 
before the pilot project, was never measured. 
This continues to occur at many other street mar-
kets, both in the municipality of São Paulo and in 
the country. Certainly, redistributing food waste 
in a large city such as São Paulo has a significant 
impact, as would be the case in large urban cen-
ters. Studies that correctly assess the impact of 
this are needed to assess the need to expand this 
initiative and support the government. Without 
measuring, it is not possible to know the size of 
the problem and the potential for possible inter-
ventions. To find out how the nations are pro-
gressing in relation to the SDGs, it is imperative 
to measure the starting point and the progress 
made. This is a lesson that this case brings to 
Brazil and maybe this issue also happens in other 
big cities and countries.

Finally, food waste redistribution and implica-
tions for achieving SDGs considering the food- 
energy- water (and health) nexus are an important 
topic of study and discussion. Future research 
should continue to examine these efforts to 
reduce food waste and deal with hunger and food 
insecurity. Research could focus on quantifying 
and measuring the impacts of redistribution 
actions and other interventions that seek to reduce 
food waste. Furthermore, studies of the food- 
energy- water nexus could integrate the dimen-
sion of health or other social impacts, which are 
closely related. Moreover, future studies could 
investigate how to promote the replication of 
these initiatives through public policies and how 
to make governance capable of reducing conflict-
ing interests, generating mutual benefits, and 
being long-lasting. The sum between replication 
of interventions and long durability of these 
actions are essential elements on reaching SDGs.
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