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   Foreword   

 It is a pleasure that we write this short foreword to what we believe is an important 
book from a technological, policy, organizational, and sociological perspective. 
Environmental challenges such as pollution, climate change, water and natural 
resources depletion, and dwindling biodiversity are real threats to the survival of our 
civilization, and there is a need to learn how to act now. Fortunately this is exactly 
what this book does: presenting results from real-life cases and simultaneously 
providing theory, methodologies, and tools that can help us move forward toward 
increased awareness of how eco-innovation can help us support sustainable economic 
growth and save our planet for future generations. 

 The concept of eco-innovation is not one that will go away easily due to the 
many pressures we have put on ourselves and our environment. Human beings 
create most of the world’s problems, but they are also the ones that have the ability 
to solve them. We need to realize that we all live on one world and that the resources 
and our time on this world are fi nite. There is no one to help us to live and continue 
to thrive on our planet, besides ourselves, as humans. Thus, human ingenuity, 
creativity, and innovation are needed, not only for our generation, but for future 
generations. This is why we wholeheartedly support this effort to address eco-
innovation concerns and the many dimensions in which it appears. 

 The concept of eco-innovation is dynamic. We know that what is accepted practice 
today was very likely innovative at some time. This philosophy implies that what is 
innovative today is something we will live with for many generations. Eco- 
innovation with the focus on environmental sustainability is not just for convenience 
and making our lives easier, but is necessary for our long-term survival. Its role in 
society has only increased and gained in importance as anthropogenic causes to 
environmental degradation have increased. We have posited that green growth is 
necessary in many of our writings. We also have hope that ecological modernization 
through eco-innovation is a way to address the concerns of man’s impact on the 
environment. But we should also critically examine these beliefs, our very own 
beliefs, to not become lax and hope that our crises will be solved on faith alone. 
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 We should also be aware that man’s ingenuity, although arguably limitless, will 
also require adoption, adaptation, and implementation. But our thoughts, actions, 
and ingenuity cannot be completed in a vacuum. Putting together a compendium of 
thoughts through an edited volume can help us to think more creatively. Each chapter 
in this book can convey a wonderful new insight or set of insights. We believe the 
reader should also look at the compendium of ideas that are fostered throughout and 
integrate them themselves. The book and its ideas together should be an eco- 
innovation to the creative minds of humans. To be able to link similar and disparate 
ideas presented is the process of creation and creativity. When reading through this 
book, do skip around, jump from chapter to chapter, and go back. Let your mind 
rewire and reorganize the works, and you will fi nd that new ideas will fl ourish. 

 Whether you are a veteran scholar with decades of experience or knowledge or 
an ingénue in a very localized ecological drama just becoming aware of these topics 
for the fi rst time, there is something for you. We cannot anticipate the perspectives 
of the readers of this book. We cannot control who will and will not read this book. 
But for those who do take the interest and time, we ask that you share your thoughts. 
Build on what you read in these pages, do your own research, and provide your own 
thoughts through writings and words. We know we live in a socially and virtually 
connected world, and this allows for greater and more rapid dissemination of the 
ideas of eco-innovation. Share your thoughts about these pages. Write a blog, post 
on one of your favorite social media sites, and leave a hard copy of this book on your 
living room table. The ideas presented here need to be diffused, and we encourage 
you to take advantage of our world’s wonderful ideas from these pages and share. 

 The editors of this work, Susana Garrido Azevedo, Marcus Brandenburg, Helena 
Carvalho, and Virgílio Cruz-Machado, have established and continue to develop an 
astonishing record in eco-innovation and other organizational and natural environ-
mental topics. As editors of the Springer series on Greening of Industry Networks, 
we are lucky and proud to have them agree to such a project. We have also learned 
much from their writings, and this compilation of high-quality chapters has made us 
anticipate the wonderful perspectives that we can integrate into our own thoughts. 
Critical awareness is an important step toward support for changes to policy and 
practice. This is why this book is important because it offers the basis for an integral, 
critical approach to eco-innovation, sustainability, and policy. Our hope and strong 
recommendation for the future is, therefore, that the readers of the book be inspired 
to seize this opportunity that eco-innovation offers.  

        Worcester ,  MA ,  USA          Joseph     Sarkis   
       London, Egham Surrey ,  UK       Diego     Vazquez-Brust      

Foreword
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    Abstract     To achieve business sustainability, companies must perform a set of 
changes not only in their internal processes but also in the large-scale level of busi-
ness ecosystems. This change of paradigm from individual to macro level requires 
an understanding of new drivers of innovation as a way to improve and look for new 
business dynamics, to minimize the negative environmental externalities, and to 
keep the economic performance of companies. This chapter aims to summarize 
recent developments and future trends of eco-innovation in theory and application 
from its usual forms of incremental to more radical and systematic innovation. 
A brief introduction of eco-innovation and a terminological foundation consisting 
of adequate defi nitions of specifi c or ambiguous terms are given. It illustrates how 
models and frameworks for eco-innovation and its applications can support the eco-
logical business modernization and how it can promote win-win situations among 
the different stakeholders. Beyond this, the chapter introduces and discusses the 
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  Keywords     Innovation   •   Sustainability   •   Ecological   •   Business development  

1.1         Introduction 

 The rise of sustainability and green growth agendas in corporate management 
 context is increasingly leading companies to revisit the concepts of value and profi t-
ability that drive their business models. Actually there are mainly two critical 
 reasons for an increased need for green growth and sustainable development: (1) the 
emerging economies with their increasing demand for resources and (2) the neces-
sity to decouple economic growth from the natural resources consumption by 
 fostered resource productivity. However, the present pace of resource effi ciency 
gains and incremental businesses improvements is too slow to respond to the need 
for decoupling since they are not suffi cient to tackle the challenges. New or modi-
fi ed processes, techniques, practices, systems, and products are required to avoid or 
to reduce environmental harms and to promote the business sustainability. These 
factors have fostered the relevance of environmental aspects in innovation manage-
ment, which can be comprehended as eco-innovation. 

 Developments and future directions of eco-innovation research and its  application 
issues are outlined in this chapter. Selected publications on theory and applications 
of eco-innovations will be discussed and brought into context to the other chapters 
of the book at hand.  

1.2     Developments of Eco-innovation Research 

 Only little research on the area of eco-innovation is found before 1990 (Schiederig 
et al.  2012 ). To assess the relevance of this scientifi c fi eld, a keyword-based 
search 1  for related research publications has been performed in the Google 
Scholar database. The obtained results show that eco-innovation – including the 
issues of environmental or green innovation – has become a hot topic for 
researchers since 2000. The database search resulted in a total of 15,350 publica-
tions, out of which only 1,004 were published before 2000. Since then, the 
annual number of published papers shows a continuous growth and began to 
boost in 2007 (see Fig.  1.1 ).

   Scientifi c literature on eco-innovation ranges from descriptions of innovation 
developments and diffusions over multilevel interactions between technological 
niches and socio-technological landscapes to the transition of management theories 
and coevolution of socioeconomic systems (Ekins  2010 ). 

 Schiederig et al. ( 2012 ) give a thorough review of related literature. The authors 
observe that nearly two thirds of all papers on eco-innovation are published in 

1   The search was based on the keywords “eco-innovation,” “environmental innovation,” and “green 
innovation” and performed on May 9, 2013. 
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journals that are related to business, administration, fi nance, or economics, while 
only one fourth of the manuscripts were found in periodicals on social sciences, arts, 
or humanities. The remaining 10 % of all publications are related to engineering, 
 computer sciences, and mathematics. Furthermore, Schiederig et al. ( 2012 )  identifi ed 
that only 15 journals published more than 10 papers on eco-innovation and that 
 Journal of Cleaner Production  and  Business Strategy and the Environment  represent 
the periodicals with the highest relevance for this research area. Among the innova-
tion management journals, the authors identify  Technological Forecasting and Social 
Change  and  Research Policy  as being highly relevant for eco-innovation research. 
Furthermore, the authors identify ten leading eco-innovation research institutions 2  
and detect that eight of the ten are located in Germany, Italy, or the Netherlands.  

1.3     Terminology and Characteristics of Eco-innovation 

 Although inventions and innovations are both characterized by novelty, the 
 introduction into the marketplace, i.e., the economic utilization, is a distinctive fea-
ture of innovation (Rennings  2000 ). The Organisation of Economic Co-operation 
and Development (OECD) ( 1997 ) categorizes innovations into product, process, 
and organizational innovations. Referring to Schumpeter ( 1934 ), Hellström 
( 2007 ) added novelties on demand and on supply market side as further categories. 
With regard to the degree of novelty, radical innovations are distinguished from 

2   Based on the number of publications written by the leading researcher. 

  Fig. 1.1    Annual number of published papers       
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incremental or marginal ones (Freeman and Soete  1997 ). Taking into account the 
extent of change that a system undergoes, component or modular innovations which 
do not modify the system but only some of its modules can be separated from archi-
tectural or systemic ones that result in more comprehensive system changes 
(Henderson and Clark  1990 ). 

 The inclusion of environmental aspects into the discussion of innovation leads to 
the comparably new area of environmental, green, or eco-innovation. Schiederig 
et al. ( 2012 ) found that the fi rst expression was favored in the 1990s while the latter 
two notions were increasingly used within the last 5 years. Furthermore, the authors 
compared different scientifi c defi nitions that were suggested as a terminological 
basis for this research area. In the following, several defi nitions are briefl y summar-
ized to illustrate the terminological variety. 

 Fussler and James ( 1996 ) defi ne eco-innovation as “new products and processes 
which provide customer and business value but signifi cantly decrease environmen-
tal impacts.” Driessen and Hillebrand ( 2002 ) state that green innovation “does not 
have to be developed with the goal of reducing the environmental burden” but it 
“does however, yield signifi cant environmental benefi ts.” Kemp and Pearson ( 2007 ) 
extend the view on eco-innovation from products and processes to the “assimilation 
or exploitation of a (…) service or management or business method” and include 
the consideration of the life cycle aspect. Oltra and Saint Jean ( 2009 ) defi ne envir-
onmental innovation as “innovations that consist of new or modifi ed processes, 
practices, systems and products which benefi t the environment and so contribute to 
environmental sustainability.” Arundel and Kemp ( 2009 ) emphasize that eco- 
innovations “can be motivated by economic or environmental considerations.” 
These examples illustrate the broad variety of notations. The terms “eco- innovation,” 
“environmental innovation,” and “green innovation” are used interchangeably, and 
the perception of the related fi eld has broadened from a focus on “greened” products 
or processes to the coherence of environmental aspects of physical items, virtual 
structures, and organizational procedures. 

 Taking into account the terminological heterogeneity arising from these various 
defi nitions, defi ning characteristics of eco-innovations are now distilled. Figure  1.2  
illustrates dimensions and impacts of eco-innovations.

   Rennings ( 2000 ) perceives eco-innovations as new approaches that help reduce 
environmental burdens or achieve ecological targets and differentiate between 
technological, organizational, social, and institutional ones. Including the economic 
perspective, Ekins ( 2010 ) considers an eco-innovation as being both economically 
and environmentally benefi cial. Striving for more comprehensiveness, Schiederig 
et al. ( 2012 ) identify six defi ning characteristics of an eco-, environmental, or green 
innovation. The authors regard it as an object (product, process, service, or method) 
which is characterized by its market orientation (satisfaction of need or competitive 
market position) as well as its environmental benefi t over its whole life cycle and 
which sets a new innovation or green standard to the company although its primary 
intention may be environmental or economic.  
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1.4     Models and Frameworks Supporting Eco-innovation 

 Emphasizing the need for methodological pluralism and multidisciplinarity, 
Rennings ( 2000 ) divides eco-innovation research into neoclassical economics that 
are deterministic and adequate to analyze incremental changes and into (co-)evolu-
tionary concepts which cover uncertainties and enable the assessment of radical 
innovations. From neoclassical economy perspective, eco-innovation can be ana-
lyzed by two main pillars: the environmental economy and the innovation economy. 
According to the environmental economy, environmental policies should coerce the 
companies to realize the environmental innovations that create value on the market. 
Such policies emphasize the superiority of market-based instruments, such as taxes 
and marketable licenses, compared to cost-ineffi cient and quickly vanishing regula-
tory tools. Rennings ( 2000 ) points out that the resulting contributions to eco- 
innovation do not take into account the complexity of innovation management 
within a company. Innovation economics, the other pillar of neoclassical econom-
ics, is characterized by double externalities resulting from positive spillovers during 
the innovation and diffusion phases, i.e., reducing external environmental costs of 
production or products. Therefore, policies and regulations considering the environ-
mental and innovation economies should be coordinated to promote eco-innovation 
among companies. Since companies are part of extended business ecosystem, with 
feedback cycles and evolution paths, (co-)evolutionary concepts are also used to 
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  Fig. 1.2    Dimensions and impacts of eco-innovation       
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explain the eco-innovation trajectories. This perspective links eco-innovation to the 
biological terms of selection and variation and to technological change and follows 
broader approaches. Rennings ( 2000 ) suggests that research on eco-innovation 
should combine neoclassical and evolutionary models. 

1.4.1     Drivers of Eco-innovation 

 Rennings ( 2000 ) identifi es technology push, regulatory push, and market pull as the 
three determinants of eco-innovation. 

  Technology push : Green technology mechanisms are related to the end-of-pipe 
technologies, process-integrated cleaner technologies, environmental research and 
development (R&D), or green product innovations (Demirel and Kesidou  2011 ; 
Ekins  2010 ). Machiba ( 2010 ) proposes a framework of eco-innovation that distin-
guishes primarily technology-related changes from primarily non-technological 
ones. In this framework, the incremental-radical categorization of eco-innovation 
mechanisms is narrowed down to the eco-innovation mechanisms of modifi cation 
(resulting from small adjustments of products or processes), redesign (referring to 
signifi cant changes of existing products), alternatives (substituting existing solu-
tions), and creation (describing entirely new approaches). These mechanisms are 
assigned to eco-innovation targets, which are primarily related to either technologi-
cal changes of products and processes or non-technological changes of  marketing 
methods, organizations, and institutions. Machiba ( 2010 ) points out that non- 
technological change stemming from creation will lead to higher environmental 
benefi ts but also to more coordination diffi culties. 

  Regulatory push : Ekins ( 2010 ) distinguishes between “hard” policy instruments 
comprising incentive-/market-based instruments and regulatory instruments and “soft” 
instruments consisting of voluntary/self-regulation agreements and information-/ 
education-based instruments. The author compares the employment of these policies 
in Japan, the United States, and Europe based on several case studies from various 
industries. It is observed that a large majority of observations was related to product 
innovation technologies in context to classic regulation which was often comple-
mented by incentive-/market-based instruments. In the three assessed US cases, classic 
regulations were always employed and in one case complemented by incentive-/ 
market-based instruments resulting in mixed successes regarding the induced innovation. 
Better results regarding the induced innovation were observed in three cases from 
Japan, in which the two “hard” policy instruments were combined and in one case 
complemented by information-based policies. Employing one of the two “hard” policy 
instruments in different European countries induced innovation very well, while less 
promising results were achieved in Europe by only using voluntary policies. 

 In a survey of 289 UK companies, Demirel and Kesidou ( 2011 ) elaborate on the 
determinants of eco-innovations with regard to the companies’ investments into 
green technologies. Regarding external factors, the authors detect that environmental 
regulations signifi cantly infl uence the investments into end-of-pipe technologies or 
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product innovations while process-integrated cleaner technologies remain  unaffected. 
Contrastingly, no signifi cant impact on any of the three green technologies resulted 
from environmental taxes. Regarding internal factors, effi ciency signifi cantly infl u-
ences investments into end-of-pipe or process-integrated cleaner technologies 
( effi ciency of machinery) as well as investments into product innovation and 
 ecological R&D (cost effi ciency), while corporate social responsibility failed to 
show signifi cant infl uences on any of the eco-innovation investments. The observed 
effects of environmental management systems were comparable to those observed 
for environmental regulations. 

  Market pull : In a survey of more than 1,200 UK residents, Darnall et al. ( 2012 ) 
focus on the reasons why consumers choose to buy environmentally benefi cial 
products. The authors detect that trust of government and environmental NGOs 
foster the consumers’ willingness of green purchases while self-promoted green 
claims of private business are not able to increase a consumers’ green consumption. 
Furthermore, the authors’ fi ndings support the conjecture that the consumers’ 
awareness, knowledge, and affection, for environmental issues, can amplify their 
readiness for green consumption. 

 Jansson ( 2011 ) focuses on alternative fuel vehicles (AFVs) to assess the green 
buying behavior of Swedish consumers. In a survey of 642 car owners, the author 
conclude that, compared to users of “conventional” gasoline- or diesel-powered 
cars, owners of AFVs show higher levels of environmentally related personal and 
social norms. Unlike owners of “conventional” cars, AFV adopters have more posi-
tive attitudes towards “eco-cars,” are more novelty seeking, and assess the risk of an 
AFV as being low. Furthermore, adopters perceive that AFVs offer higher relative 
advantages compared to “conventional” vehicles and that AFVs are more compat-
ible to their personal values. 

 In another related survey of 1,832 car owners in Sweden, Jansson et al. ( 2010 ) 
detect that personal values, beliefs, and norms do not only infl uence the adoption to 
eco-innovation but also affect the green curtailment behaviors such as resource con-
servation or recycling.  

1.4.2     New Approaches and Extensions 

 Many organizations implement eco-innovation in cooperation with other companies 
belonging to the same production value chain, such as suppliers and manufacturers, 
but also with actors belonging to the entire business ecosystem, e.g., universities or 
shareholders. Such alliances are seen as win-win opportunities for all groups of actors. 
This behavior highlights the importance of the corporate governance type to the eco- 
innovation implementation. In this context implementing cross-sector innovations or 
open innovations is particularly challenging since it requires the adoption of new tech-
nical, organizational, and also institutional arrangements by different stakeholders of 
the involved sectors. Part I “Models and Frameworks Supporting Eco- Innovation” of 
the book at hand comprises various approaches to face these challenges. 

1 Developments and Directions of Eco-innovation
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 In Chap.   2    , Kloiber and Priewasser provide insights on cross-industry  innovations. 
A conceptual framework is proposed to support the systematical implementation of 
eco- innovation across industries. To obtain a detailed search strategy for environ-
mental solutions that overcome organizational boundaries, theoretical consider-
ations are added to cross-industry innovation models of Gassmann and Zeschky 
( 2008 ) and Kalogerakis et al. ( 2005 ). The resulting framework consists of fi ve major 
steps: (1) strategy analysis, (2) problem abstraction, (3) search for analogies, (4) 
assessment, and (5) adaptation. Furthermore, tools and methods are suggested to 
attain the objective of each phase. 

 Companies employ the open-innovation paradigm and interact with a range of 
different actors, from customers, suppliers, competitors, research institutes, and uni-
versities to support the creation and transference of knowledge among them. The 
open-innovation model is particularly critical as the innovation system infl uences 
the decision on the geographic sourcing concept of global value chains. Hence, 
there is a need to build knowledge on environmental aspects of innovation and to 
share it among the key actors of business ecosystems. In Chap.   3    , Cabrita et al. 
 discuss eco-innovations in a knowledge-based development perspective. The 
authors point out that acquiring, creating, developing, storing, and applying knowl-
edge is crucial for a sustainable economic, social, and environmental development. 
A conceptual framework is proposed to integrate the eco-innovation concept and 
knowledge- based development perspective. According to these authors, innovation 
is extremely dependent on the availability of knowledge. Therefore, the complexity 
created by the explosion of richness and reach of knowledge has to be recognized 
and managed to ensure successful innovation. Knowledge management provides 
the tools, processes, and platforms that ensure the availability and accessibility of 
competences. 

 Chapters   2     and   3     highlight the necessity to adopt a systematic approach to eco- 
innovation development in order to continuously improve a company’s ability to 
cope with regulations of its markets and environmental issues of its consumers. 
A proper work environment that fosters innovation within companies is an impor-
tant driver of the sustainability of the business ecosystems. Moreover, the exis-
tence of frameworks for the development, evaluation, and assessment of 
eco-innovations is vital to understand and develop radical and systematic eco-
innovation initiatives within a particular company and across different industrial 
sectors. In Chap.   4    , Gremyr et al. propose a conceptual framework that picks up 
this managerial necessity and supports the development and assessment of radical 
eco-innovations. The framework named “Encore” synthesizes ideas and concepts 
from eco-innovation, quality management and life cycle assessment into a set of 
key principles and practices. It is illustrated by a hypothetical example related to 
the carbonated beverage industry. 

 In Chap.   5    , Navas introduces the Theory of Inventive Problem Solving (TRIZ) 
method in context to eco-innovations. The author illustrates tools and techniques for 
the implementation and application of different TRIZ levels to support radical eco- 
innovations. Furthermore, engineering parameters and invention principles of TRIZ 
are discussed.   
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1.5     Application of Eco-innovation 

 Eco-innovation does not only represent a state-of-the-art in the theoretical fi elds of 
research, but also has developed to a considerable area of economic practice. In this 
section, the macroeconomic relevance of eco-innovation is illustrated and its appli-
cations and impacts on company level are outlined. 

1.5.1     Eco-innovation in Macroeconomic Contexts 

 Motivated by regulatory pull, amplifi ed by market push and enabled by technology 
pull, the environmental goods and service industry, has developed to a sector of 
considerable (macro)economic relevance. Most OECD countries consider eco- 
innovation as both environmentally and economically relevant (Ekins  2010 ). 
In 2005, the global market of the abatement goods and service industry, for instance, 
accounted for US $653 billion and approximately 4 million jobs with a potential of 
further growth (David and Sinclair-Desgagné  2010 ; Sinclair-Desgagné  2008 ). 

 Ekins ( 2010 ) gives a comprehensive overview over the European environmental 
industries. The author used the EU ( 2006 ) fi gures that categorize the environmental 
goods and services industry into two main groups: (1) “pollution management 
group” comprising eco-industry sectors that manage material streams from pro-
cesses managed by humans (the technosphere) to nature, typically using “end of 
pipe” technology including cleaner technologies and products (it includes solid 
waste management and recycling, wastewater treatment, and air pollution control, 
among other industries), and (2) “resource management group” comprising a more 
preventive approach to managing material streams from nature to the technosphere. 
It includes water supply, renewable energy production, and eco-construction, among 
others industries. In 2004, the size of the environmental industry in the European 
Union (EU-25) was € 227 billion with Germany (€ 66 bn), France (€ 45 bn), 
UK (€ 21 bn) and Italy (€ 19 bn) as the four economies with the largest eco-industry 
sector (Ekins  2010 ). Two thirds of the sector revenues were related to pollution 
management activities, mostly to management of solid waste or of wastewater (both 
€ 52 bn). Resource management activities, especially water supply (€ 45 bn), repre-
sented another one third (Ekins  2010 ). These revenue proportions match with the 
3.4 million employees that are attributed to the eco-industries: about 2.2 m jobs are 
related to pollution management, mainly to management of solid waste (1.0 m jobs) 
or wastewater (0.8 m jobs), while the water supply sector (0.5 m jobs) accounts for 
the largest share of jobs in the resource management activities. 

 In nine in-depth case studies conducted at American, French, and German compa-
nies, Wagner and Llerena ( 2011 ) observe only few culture differences with regard to 
determinants of eco-innovations and conclude that sectoral contexts matter compara-
tively more. Furthermore, the authors emphasize the relevance of non-government 
organizations (NGOs) for eco-innovation and the need for more related research.  
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1.5.2     Eco-innovation on the Microeconomic Level 

 Wagner and Llerena ( 2011 ) identify that eco-innovation within companies is often 
a bottom-up activity which, however, needs subsequent support from top 
 management. Informal mechanisms of eco-innovation can substitute a systematic 
integration of environmental aspects in the innovation processes. Hence, the authors 
identify a gatekeeper function of top management which is complemented by 
individual employees that actually work on green innovations. 

 In a survey of environmental new product development (ENPD) projects in 
North American companies of different industries, Pujari ( 2006 ) investigates on 
infl uencing factors of market performance. The author identifi es statistically signifi -
cant relationships between market performance and several infl uencing factors. In 
particular, positive impacts on ENPD performance stemming from cross- functional 
coordination, from supplier involvement, from activities of design-for- environment 
or life cycle analysis, and from market focus were observed. 

 Cortez and Cudia ( 2012 ) assess Japanese automotive and electronics companies 
to elaborate on the coherence of environmental innovations and fi nancial 
 performance. Based on data published between 2001 and 2010 in fi nancial and 
 sustainability reports of 18 companies, the authors detect a positive association 
between eco-innovations and net revenues. For the automotive industry, the authors 
fi nd that eco-innovations positively affect net profi t, assets, and equity and vice 
versa. For the electronics industry, positive infl uences between eco-innovations and 
long-term debts were observed.  

1.5.3     Surveys and Case Studies on Eco-innovation Deployment 

 The understating of eco-innovation in macro- and microeconomic contexts is  illustrated 
by a set of empirical studies in Part II “Application: Surveys and Case Studies on 
Eco-innovation Deployment” of the book at hand. Chapters   6    ,   7    ,   8    ,   9    ,   10    ,   11     and   12     
exemplify the deployment of eco-innovation practices among companies from dif-
ferent sectors and countries by surveys, secondary data analyses, case studies, and 
clinical research. 

 In Chap.   6    , da Silva et al. analyze secondary data from the Portuguese Community 
Innovation Survey to assess eco-innovations at Portuguese companies of various sec-
tors. The authors elaborate on (1) the infl uence of the introduction of eco- innovation 
practices by manufacturing companies on their propensity to innovation and (2) the 
contribution of internal drivers, e.g., procedures to identify and reduce  environmental 
impacts regularly, and external factors, e.g., existing environmental regulations or 
fi scal duties on pollution, for the eco-innovation behavior of the manufacturing 
industry. The results highlight four factors which stimulate or limit eco-innovative 
capability in manufacturing industry, namely, environmental benefi ts in the com-
pany, environmental benefi ts in after-sales, and external and internal factors. 
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 In Chap.   7    , Carvalho presents a cross-sector survey on eco-innovative activities 
in Brazilian companies carried out in 2012. The quantitative, descriptive, and 
explanatory methodology employs precise measurement to analyze eco-innovations 
of Brazilian companies and to characterize eco-innovative companies, the determin-
ants, types, and results of eco-innovations and the existence of cooperative arrange-
ments for eco-innovation. The results highlight the existence of two groups within 
the sample: (1) a largest group reactively responds to pressures from their main 
stakeholders; and (2) a smallest group performs radical innovations. The research 
reveals that organizational eco-innovations are the most often implemented type of 
eco- innovation initiatives, followed by the introduction of new technologies. The new 
products were the less representative type of eco-innovation. Moreover, the results 
show that most eco-innovative companies    also conduct systematic in-house R&D 
activities and participate in cooperative arrangements for innovation. The author 
 performs a detailed discussion of the results unfolding existing literature revealing 
the key variables related to eco-innovations. 

 Chapter   8     assesses the eco-innovation in Brazilian companies of the cellulose, 
paper, and paper product industry. Maçaneiro and Kindl conduct a survey at 117 
companies and a cluster analysis to classify companies according to their eco-
innovative strategy. As a result, a taxonomy for eco-innovation strategies compris-
ing four categories is proposed: reactive organizations, indifferent organizations, 
proactive organizations, and eco-innovative organizations. The authors also provide 
a defi nition of external and internal factors that infl uence the adoption of these 
strategies. 

 Chapter   9     consolidates the existing conceptualizations by adapting a typology of 
eco-innovation under consideration of products, production processes, organiza-
tional processes, users, the value chain, and governance. Sarasini et al. analyze 
secondary data from annual and sustainability reports of 92 large Swedish companies. 
The authors highlight that large companies focus their eco-innovative effort on 
internal measures related to product and process changes. The authors detect that 
companies are less adept at collaborating with suppliers, users, and other external 
partners that can boost eco-innovation. As a conclusion, recommendations for poli-
cymakers are derived. 

 The rise of sustainability and green growth agendas in corporate management 
context is increasingly leading companies to revisit the concepts of value and 
 profi tability that drive their business models. There is a need for new or modifi ed 
processes, techniques, practices, systems, and products to avoid or to reduce envi-
ronmental harms and to promote the business sustainability. Coordinate actions 
between corporate environmental management systems are likely to increase effect-
iveness and effi ciency of interorganizational exchanges. In this context, Daddi et al. 
describe a case study in Chap.   10     which is related to four industrial clusters of a 
fashion supply chain in the Tuscany region (Italy). A cluster approach based on 
environmental management systems and life cycle assessment tools is developed. 
The approach relies on a cooperative and modular life cycle management of com-
mon environmental problems among four clusters that are linked with each other as 
part of the same supply chain. The results highlight that companies located in the 
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clusters under study are able to use this integrated process to improve their environ-
mental competitiveness. Furthermore, companies can benefi t from support tools 
that are derived from this cooperative approach. 

 The business model perspective offers a comprehensive way to understand how 
eco-innovation can be induced and diffused to enable systemic changes and busi-
ness transformation. The focus on business models allows a better understanding 
of how environmental value is captured and turned into profi table products and 
services that deliver convenience and satisfaction to users. In this context, measur-
ing and comparing environmental and economic benefi ts of eco-innovation is criti-
cal to support and promote new initiatives. As a consequence, the integration of 
eco- innovation with the existing managerial tools and methodologies becomes a 
less challenging task for managers and policy makers. 

 In Chap.   11    , Bikfalvi et al. present a case study of a new technology business 
venture focusing on energy management systems and its evolution over a decade. 
The case study illustrates the evolution of innovation types and the company’s busi-
ness model trajectory through different stages, from pure product or service orienta-
tion, to joint product-service modes of operations, and ultimately to continuously 
evolving product- related services. 

 Companies need to redesign the value fl ows to make eco-innovation in the 
 business ecosystem benefi cial for all involved parties. Chapter   12     focuses on how to 
develop business models which promote eco-innovation. Tsvetkova et al. present 
the results of two research projects in a Finnish municipality. In these projects, a 
 sustainable local biogas-for-traffi c solution and the respective boundary-spanning 
business model were developed in cooperation with major ecosystem stakeholders. 
The authors combined clinical research and design science approaches to assure an 
iterative research process with tight cooperation among business actors. Challenges 
and opportunities in implementing a biogas-for-traffi c ecosystem are revealed, and 
a sustainable business solution is designed under consideration of stakeholders’ 
requirements.   

1.6     Future Directions: Eco-innovation Initiatives 

 The fi nal Part III “Future Directions: Eco-innovation Initiatives” of the book at hand 
provides novel perspectives about eco-innovation initiatives. In Chap.   13    , Gillis and 
Cudney propose a new methodology for eco-friendly construction of buildings as an 
example of an organizational innovation to implement new management systems 
and tools. In the building commissioning process, the quality function deployment, 
a traditional quality management tool, is utilized to meet requirements of leadership 
in energy and environmental design (that promotes green, effi cient, and sustainable 
design and construction). This new eco-innovative model provides a greater oppor-
tunity for the commissioning authority to ensure that the owner achieves their sus-
tainability and effi ciency goals with the fi nal building construction. 
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 In Chap.   14    , Mosgaard et al. focus on modular product design in context to 
 radical and systemic eco-innovation. In a case study based on action research in the 
Scandinavian shipbuilding industry, the authors show how to innovate traditional 
steel ferries by a transformative technology. In this context, organizational, econom-
ical, and institutional changes are required. A modifi ed organization results from 
the integration of new actors, while open-source and non-commercial business 
approaches lead to economic adaptations. To address institutional changes, a purely 
competitive behavior between different actors is adapted to a more collaborative 
approach. 

 The creation of win-win situations that resolve confl ictive economical and envi-
ronmental objectives is in focus of Chap.   15    . Bogatyrev and Bogatyreva outline 
BioTRIZ as an eco-innovation methodology which combines the concept of biomi-
metics, i.e., copying living nature by technology, and TRIZ. To this end they combine 
a set of BioTRIZ axioms considering biomimetics (e.g., axiom of simplifi cation) and 
eco-engineering (e.g., axiom of maximization of useful function) with a set of 
BioTRIZ rules for eco-innovation. The authors propose this methodology as a way 
to deal with contradictions between biology and technology, because its main 
mechanism is based on revealing confl icting requirements and a win-win resolution. 
The implementation of the BioTRIZ axioms is illustrated at a case example of archi-
tectural design and layout of an eco-park which is pollinated by bumblebees.  

1.7     Conclusion 

 Despite its novelty, eco-innovation has developed to a decisive area of scientifi c 
research and industrial application. Driven by technology and regulatory push as 
well as by market pull, eco-innovation enables economic success without com-
promising on environmental issues. 

 Highlights of the book comprise state-of-the-art models for a comprehensive 
management of eco-innovations and its applications as well as novel fi ndings from 
empirical research. The suggested models allow for implementing eco-innovation 
processes on a cross-industry level and extending the topical focus from purely eco-
logical factors to the multidimensional concept of sustainability which combines 
economic and environmental criteria with social aspects. From the academic per-
spective, focused approaches to eco-innovation are broadened to more general ones. 
From the practitioners’ point of view, these approaches support the implementation 
of eco-innovation practices on an interorganizational level while taking into account 
industry-specifi c particularities of each company. 

 Empirically, the book highlights novel insights and trends of eco-innovation 
management from various European and Latin American countries and several 
industry sectors. In this context, determinants, drivers, and infl uencing factors of 
eco-innovations are elaborated, and a typology of eco-innovation strategies and 
processes is derived. 

1 Developments and Directions of Eco-innovation
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 The book at hand offers new approaches, illustrates various application areas, 
and points towards future directions of this highly relevant topic thereby providing 
new insights into eco-innovation for researchers and practitioners. Limitations of 
the book point towards future research perspectives on eco-innovation. From the 
conceptual perspective, the suggested conceptual frameworks can be disaggregated 
to greater detail. This would foster the implementation of these models in manage-
rial practice. Furthermore, empirical research is recommended to test the suggested 
frameworks in industrial application or to elaborate on eco-innovations in other 
cultural or geographical contexts. Beyond this, future eco-innovation research could 
take into account grassroots innovation or eco-innovation in and for developing 
countries or prevalent technical bifurcations. Besides, formal modeling and opera-
tions research represent methodologies that are worth being employed in context to 
eco-innovation.     
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2.1         Introduction 

 Global trade, rapid technology change, and short product life cycles have all led to 
increasing competition over the past decades. These developments are forcing 
 companies to rethink their traditional internal innovation strategy in order to differenti-
ate themselves from their competitors (Lichtenthaler  2011 ; Stötzel et al.  2011 ). 
Consequently, open innovation has been proposed as a new concept for the  management 
of innovation (Chesbrough  2003 ; Gassmann  2006 ). Empirical research demonstrates 
that collaborations across organizational boundaries – by the use of a wide range of exter-
nal actors and sources – have a positive impact on a company’s innovation performance 
(Laursen and Salter  2006 ). 

 The eco-industry consists of companies who “produce goods and services to 
measure, prevent, limit, minimize or correct environmental damage” and which are 
less environmentally harmful than the use of relevant alternative products and ser-
vices (OECD/Eurostat  1999 ). Due to a high degree of maturity 1  in many fi elds of 
this industry, breakthrough innovations are required. These so-called radical innov-
ations are defi ned as innovations that go beyond incremental changes in products, 
processes, and business models. New methodologies and frameworks are needed to 
move toward green growth because incremental improvements are not enough to 
counterbalance the population growth and the global increase in resource consump-
tion (Jones et al.  2001 ; von Weizsäcker et al.  1999 ). 

 Creating innovations between companies of distant industries is a new phenom-
enon in both theory and practice in respect to a step-change open innovation 
approach. These so-called cross-industry innovations (CII) can be technologies, 
patents, specifi c knowledge, business processes or whole business models (Enkel 
and Gassmann  2010 ). Imitation and reworking of already existing solutions from 
other industries can also contribute signifi cantly to the development of breakthrough 
innovations in the eco-industry. Highly novel innovations lead to lower develop-
ment time, lower project risks, and higher growth rates and margins. Despite these 
advantages, companies tend to implement the cross-industry innovation approach 
very rarely and/or unsystematically (Enkel and Dürmüller  2011 ). Consequently, this 
phenomenon has led to the research question of this paper as being: “How can com-
panies implement cross-industry innovations systematically in the fuzzy front end 
of the eco-innovation process?” 

 This chapter is structured as follows: Firstly, we defi ne the term radical eco- 
innovation. In a subsequent step, we review current literature on open innovation 
and cross-industry innovations, and we illustrate an example of a company who 
developed a radical eco-innovation successfully by implementing the “cross- industry 
innovation framework.” Then, we present a step-by-step process which helps 

1   For example, eco-products in the area of air pollution prevention, water quality control, material 
recycling and energy effi ciency improvements are well established and have reached advanced 
technological levels. 
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companies, and especially innovation managers, to systematically implement eco-
innovations across industries in the fuzzy front end of the innovation process.  

2.2     Theoretical Background on Cross-Industry Innovation 

2.2.1     Eco-innovation: A Conceptual Approach 

 One way of classifying innovation in general, and one that particularly suits eco- 
innovation classifi cation, is to refer to the target area of which is aimed at being 
changed. Referring to the Oslo Manual (OECD/Eurostat  2005 ), we can distinguish 
between:

•    Product innovation  
•   Process innovation  
•   Organizational or business model innovation  
•   Marketing innovation    

 Furthermore, innovations can also be distinguished as to their degree of originality:

•     Incremental innovations  aim at modifying and improving existing technologies 
or processes to a higher level of resource effi ciency or emissions reduction, with-
out fundamentally changing the relevant technology base. Presently, this is the 
dominant type of innovation in enterprises (OECD  2011 ).  

•    Radical innovations , however, lead to a profound change, either in specifi c fi elds 
of technology processes and products or to larger-scale shifts in the overlying 
systemic context (Gjoksi  2011 ; OECD  2011 ). Both radical technology and sys-
tems changes can also be referred to as  transformative innovations  (Stirling et al. 
 2009 ). Radical innovations, in terms of environmental benign technologies, rep-
resent technical solutions which are signifi cantly different from their predeces-
sors and are able to raise the technological system to a new economic-ecological 
equilibrium (Gjoksi  2011 ). Examples of radical innovations include the follow-
ing: the development of automatically functioning biomass pellet heating devices 
as an alternative for oil-fi red heating installations, the creation of biopolymers 
from starch or sugar plants instead of the use of petrochemical-based polymers or 
the generation of biodiesel and other liquid biogenic energy carriers from cellu-
lose (as opposed to biofuels from oil plants). A number of other examples are 
given by OECD et al. ( 2012 ).  

•    Systemic innovations  often involve technological breakthrough innovations and 
lead to an increased organizational complexity (Nuij  2001 ). They typically 
include a reconfi guration, for example, of complementary infrastructures or 
product-service systems. Taking place beyond the boundaries of companies or 
organizations, they represent a multi-actor process (Stirling et al.  2009 ). Thus, 
innovations of this type often require a social and cultural change, adopting new 
values and behavioral patterns, on behalf of both the producer and the consumer 
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(OECD et al.  2012 ). Examples of systemic innovations are as follows: the 
“cradle- to-cradle concept,” comprising of closed resource input to waste output 
loops, or fundamentally new urban mobility systems that are primarily based on 
public transportation or bike traffi c. Even the recently promoted implementation 
of e-mobility requires essential preconditions that can create changes in the traf-
fi c system.    

 Originally, the concept of eco-innovation focused on progress in the fi eld of 
technology and process, with an intention to reduce environmental impacts of eco-
nomic activities. These environmental technologies applied to managing pollution 
(e.g., air pollution control, waste management), lessening of polluting, and lessen-
ing of resource-intensive products and services (e.g., fuel cells) and ways of manag-
ing resources more effi ciently (e.g., water supply, energy-saving technologies) 
(European Commission  2004 ). 

 In time, eco-innovation awareness has essentially broadened, particularly where 
the following aspects are concerned:

•    Eco-innovation does not only apply to clean and resource-effi cient technologies 
that are specifi cally aimed at reducing environmental harm. Every product or 
service generating an environmental benefi t (reduced use of natural resources 
and lower use of noxious emissions and waste) in relation to relevant alternatives 
should be recognized as an eco-innovation (Kemp and Pearson  2007 ).  

•   Eco-innovation encompasses all environmental improvements across the whole 
product life cycle, concerning the way they are designed, produced, used, reused, 
and recycled (EIO  2011 ).  

•   Eco-innovation, in a broader perspective, also embraces environmentally orien-
tated organizational and marketing approaches, including eco-innovative busi-
ness models which can have effects on the consumer behavior (EIO  2013 ).  

•   Finally, eco-innovation can be established on a cross-entrepreneurial systems 
level. Here, eco-innovations improve or create entirely new product or service 
systems with a reduced overall environmental impact. Examples of this are as 
follows: new housing concepts, new mobility systems, and even up to modeling 
“green cites” (EIO  2013 ).    

 Concentrating on most of these additional aspects, and with reference to the 
OECD general defi nition of innovation described in the Oslo Manual (OECD  2005 ), 
the expert group of the Eco-Innovation Observatory defi nes eco-innovation as the 
following:

  Eco-innovation is the introduction of any new or signifi cantly improved product (good or 
service), process, organizational change or marketing solution that reduces the use of natu-
ral resources (including materials, energy, water, and land) and decreases the release of 
harmful substances across the whole life-cycle. (EIO  2011 ) 

   From a political perspective, eco-innovation closely corresponds to the environ-
mental sustainability approach, which is based on increasing resource effi ciency, 
dematerialization, and reduction of waste and emissions and fi nally leading to a well-
maintained balance between the economy and the ecological system (Pujari  2004 ). 

M. Kloiber and R. Priewasser



23

 A specifi cally eco-innovation-related and better functioning taxonomy,  refl ecting 
the different roles of eco-innovative approaches on a greening market, is delivered 
by  Andersen , who suggests fi ve categories of eco-innovations (European Environment 
Agency  2006 ; Andersen  2008 ):

•     Add-on eco-innovations.  These innovations represent improvements in pollution 
and resource controlling or managing technologies and services. Progress in 
those fi elds normally has limited infl uence on existing production and consump-
tion practices.  

•    Integrated eco-innovations.  This kind of innovations deals with cleaner techno-
logical processes and more environmentally sound products. These innovations 
bear an increase of energy and resource effi ciency, lead to a higher level in prod-
uct or material recycling or promote the substitution of environmentally harmful 
substances.  

•    Alternative product eco-innovations.  They offer new technological paths in the 
production or product design. Examples of alternative product eco-innovations 
are e-cars and respectively e-bikes as an alternative to conventionally driven 
vehicles or heat pumps opposed to conventional heating devices.  

•    Macro-organizational eco-innovations.  These innovations entail new solutions 
for more environmentally friendly ways of organizing production and consump-
tion on systemic level of economic or social structures. New functional struc-
tures of that kind are, for instance, industrial symbiosis (meaning energy, 
resource, and recycling networks of companies) or new ways of mobility such as 
car sharing.  

•    General-purpose eco-effi cient innovations.  Certain technologies affect the econ-
omy fundamentally as they lay behind and feed into other technological innov-
ations, leading to an entirely new techno-economic paradigm. In their fundamental 
character, changes in those general-purpose technologies will also have major 
effects on eco-innovations. This holds true, for example, in biotechnology, nano-
technology, or information and communication technology.    

 Stricter environmental specifi cations to processes and products, combined with 
an increasingly tight global competition, are the main reasons why the key strategy 
of many companies is to create breakthrough eco-innovations. Therefore, the next 
chapter concentrates on the creation of radical cross-industry innovations in techno-
logically and environmentally friendly products.  

2.2.2     Cross-Industry Innovation Through Analogical 
Problem Solving 

 In the past, most companies were focused on internal research and development 
(R&D) activities and managing their internally developed products which were dis-
tributed by the organization. This type of innovation strategy, which limited interac-
tion with external partners, is defi ned as closed innovation strategy. In contrast to 
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this closed strategy, a new innovation framework has evolved. The open innovation 
concept can be seen as an open system, as innovative companies use a wide range 
of external actors and sources to help them to create new innovations (Laursen and 
Salter  2006 ; Chesbrough  2006a ,  b ). Chesbrough ( 2006a ) defi nes open innovation as 
“the use of purposive infl ows and outfl ows of knowledge to accelerate internal 
 innovation, and expand the markets for external use of innovation, respectively” 
(Chesbrough  2006a ,  b ). 

 There are diverse potentials of open innovation. Firstly – through  accommodating 
for the fl ow of external knowledge transfer into the company – it could lead to 
shorter innovation cycles, lower development costs and the opening up of new mar-
kets and to the reduction of market and technological uncertainty in the innovation 
process. Secondly, profi ts can be generated by licensing intellectual property and/or 
multiplying technology through the transfer of internal ideas to other companies 
(Gassmann and Enkel  2004 ; Leimeister et al.  2010 ). These numerous potential 
benefi ts signify different open innovation strategies. 

 Gassmann and Enkel ( 2004 ) identifi ed three core open innovation processes:

    1.     Outside-in process : the aim is to enhance the company’s knowledge base by 
 integrating the innovative knowledge of external actors.   

   2.     Inside-out process : earning profi ts by transferring ideas to the outside 
environment.   

   3.     Coupled process : linking outside-in and inside-out processes by working in 
 alliances with complementary companies.    

  Recent empirical studies demonstrate that an open innovation strategy provides 
the ideas and resources that help organizations gain and exploit innovative oppor-
tunities to a much greater extent (Laursen and Salter  2006 ). 

 Companies can interact with a range of different external actors, and they can 
transfer external knowledge from customers, suppliers, competitors, research insti-
tutes, and universities. Analogical problem solutions and novel ideas can also be 
successfully found among distant industries (Enkel and Gassmann  2010 ; Reichwald 
and Piller  2006 ). This open innovation strategy leads to cross-industry innovations. 

 Innovations can be described as the outcome of the linkage of different elements 
of knowledge that have not been connected before (Hargadon  2002 ; Geschka et al. 
 1994 ). Up until now companies have often concentrated on internal knowledge 
when searching for new innovations. As it is diffi cult for the employees to overcome 
established thinking patterns, they search mainly for solutions in the close proxim-
ity of the problem and not outside of their limited section of environment. 
Additionally, experience from former projects can hinder the creative innovation 
process. A fundamental cognitive mechanism which can overcome these diffi culties 
is analogical thinking (Schild et al.  2004 ; Birch and Rabinowitz  1951 ). 

 Searching for analogies is a promising methodology to create new combinations 
of knowledge. Analogies are characterized through similar aspects of two objects of 
different domains. Drawing analogies beyond the borders of one’s own industry can 
evolve cross-industry innovations. Here, a solution is found in one industry and 
applied to solve a problem in another. On the one hand, the creation of cross- industry 
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innovations may reduce uncertainty as potential solutions have already proved to 
function in a similar context. On the other hand, analogies applied across industries 
may entail breakthrough innovations owing to the combination of different pieces 
of knowledge (Enkel and Dürmüller  2011 ; Kalogerakis et al.  2005 ; Gassmann and 
Zeschky  2008 ). 

 Where some analogies are obtained from knowledge bases that are similar to the 
solution, other analogies are drawn from bases that are inconsistent. Hence, analo-
gies can be differentiated between near and far analogies. If an analogy is closely 
related to the base domain, it is termed a near analogy, and if the analogy comes 
from a distant domain, it is a far analogy. Near analogies normally lead to incremen-
tal innovations as they represent smaller conceptual distances between present solu-
tions and the new idea and may be seen as less original. In comparison, far analogies 
are considered the main drivers of truly innovative thought. As they have a greater 
potential to foster creativity, radical innovations are more likely to result from far 
analogies between distant domains (Dahl and Moreau  2002 ; Schild et al.  2004 ; 
Gassmann and Zeschky  2008 ). 

 As in many other industries, the products, services, and business models of the 
eco-industry are largely shaped by the mindset of their own business sector. As this 
chapter argued, analogical problem solving and search for technological solutions 
in distant industries can open up interesting new perspectives and can be a signifi -
cant source for radical eco-innovations. 

 The following list presents advantages which can apply to the eco-industry:

•    The time to market is shorter and the project risk is lower due to the integration 
of an already tested and utilized technology in other industries.  

•   Analogies from another industry can generally be utilized without competitive 
confl icts.  

•   Stronger differentiation of the product in comparison to the competitors can lead 
to higher growth rates and margins.  

•   The collaboration with new partners and the combination of complementary 
knowledge can help a company to enhance its innovative capacity.    

 In practice, it is possible to identify successful cross-industry innovation projects 
where a systematic approach is applied, as well as projects where the solution 
evolved less systematic. Generally, in the search for analogies, a meaningful combi-
nation and balance of methodical-systematic and creative-chaotic approaches is 
aspired to. Thereby, teams with representatives from different fi elds, sectors, cul-
tural areas, and personalities play an essential role (Enkel and Dürmüller  2011 ). 

 There are a multitude of examples of technology spillovers from other industries. 
The path-breaking interface iDrive from the BMW Group is based on the  tried-and- tested 
technology of the joystick of the video game industry. Another famous example is the 
Aeroccino from Nespresso. The company adapted the established stir principle used in 
labs, which uses a contact-free driven beater with magnetic torque transmission. 
A milk creamer that is easy to clean was the innovative result (Enkel and Gassmann 
 2010 ; Enkel and Dürmüller  2011 ). 
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 The waterless urinal from Geberit is a good example of an eco-innovation, which 
was developed through the implementation of a systematic process. The task was to 
create a new urinal that would be able to operate without the supply of external 
energy and chemicals and yet would feature a reliable odor seal. In the search for 
the solution, it was important to enlarge the system boundaries in comparison to the 
previous in-house operations. In the search for new solution principles, the energy 
fl ow for a repetitive and lossy system was demonstrated in depth. In the second 
stage, the project team assigned the corresponding status changes with possible 
mechanical energy forms. After an initial assessment, four solution principles were 
developed. These were constructively enhanced, and, following this, a prototype was 
produced and tested in a rapid prototyping procedure. Ultimately, one principle, 
which was based on an earlier invention, namely, the Erlenmeyer fl ask found in 
chemical laps, stood out among other considerations. This solution concept allows 
for signifi cantly lower maintenance requirements than competitive products (Enkel 
and Gassmann  2010 ; Enkel and Dürmüller  2011 ).   

2.3     Models of Cross-Industry Innovations 

 In the following section, two famous process models are presented which are often 
employed as a means to fi nding analogies and in the transfer of company know-
ledge. The fi rst process was created by Kalogerakis et al. ( 2005 ) (see Fig.  2.1 ).

   The procedure proposed by Kalogerakis et al. ( 2005 ) is based on four phases: 
(1) defi nition of the search fi eld, (2) search for analogies, (3) verifi cation and evalua-
tion of analogies, and (4) development of the solution via the transfer of analogies. 
The fi rst phase comprises of making a detailed description of the abstraction of the 
problem along with a review of the constraints and general conditions. In the next 
phase, it is recommended that companies search via people and/or via databases for 
innovative solutions. The search for analogies is completed by an evaluation of the 

  Fig. 2.1    Process model of using analogies in product development (Kalogerakis et al.  2005 )       
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founded analogy. This evaluation and verifi cation should be conducted in team 
 discussions. The last phase – transfer – does not present an in-depth description. The 
authors only recommend that companies should consider problems of intellectual 
property rights or convents with other clients during the transfer. The process is well 
structured, and the authors provide detailed practical ideas and useful methods for 
each phase. 

 Based on a multiple case study, even Gassmann and Zeschky ( 2008 ) proposed a 
model for the development of product innovations by means of analogical thinking 
(see Fig.  2.2 ). It is aimed at targeting early innovation challenges by eliciting highly 
novel solutions.

   This cross-industry innovation model includes three major steps: (1) abstraction, 
(2) analogy, and (3) adaptation. Firstly, a problem must be analyzed in detail, and 
key terms have to be abstracted. Secondly, analogies from different industries need 
to be found. In the last phase, the relevant knowledge technology has to be trans-
ferred and adapted. Gassmann and Zeschky describe the three core process phases 
of a systematic cross-industry innovation model, but they do not describe the search 
for analogies in detail. A description with recommended tools and methods would 
be helpful for management to integrate the model in a company’s innovation pro-
cess. The main strength of this model is that it is based on empirical fi ndings and has 
been applied successfully in four engineering companies. 

 These two cross-industry innovation models are rare examples of existing frame-
works. The developed process phases of both models are crucial for each CII process. 
However, they do not include a strategy phase, and the analogy search is not described 
in enough detail. Therefore, the purpose of this paper is to present a cross-industry 
innovation process which combines the major phases of the two presented processes 
and which leads to a recommended detailed search strategy. This progressive model 
will help companies in the eco-industry to fi nd systematically promising eco-analo-
gies for their technological problems and to implement them in the developing phase.  

  Fig. 2.2    Opening up the solution space by abstraction from the underlying problem (Gassmann 
and Zeschky  2008 )       
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2.4     Systematic Cross-Industry Innovation Model 

 Current empirical studies 2  have demonstrated that, because they lack practical 
advice, managements’ implementation of cross-industry innovations is likely to 
be applied unsystematically. Extending the cross-industry innovation model of 
Gassmann and Zeschky ( 2008 ), we present a process model which aims to support 
companies in the eco-industry to implement cross-industry innovations with the 
“outside-in” dimension of open innovation. The process model includes fi ve 
major steps: (1) strategy analysis, (2) problem abstraction, (3) search for analo-
gies, (4) assessment and (5) adaptation (see Fig.  2.3 ).

2   For example, Brunswicker and Hutschek ( 2010 ). 

  Fig. 2.3    Cross-industry 
innovation process model 
strategy analysis       
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   The cross-industry innovation strategy with its open and transparent character 
can clash with the existing closed corporate strategies. It is not suffi cient to adapt or 
enhance the traditionally internal innovation strategy – companies must rethink 
their internal strategy in order to cooperate with external complex organization 
 networks and its own rules. The objective of the strategy analysis phase is to analyze 
the internal corporate strategy and its potential strengths, as well as its weaknesses 
in detail. In order to determine a cross-industry innovation strategy, the manage-
ment must foster an open mindset. Employees should be allowed to question their 
own products and technologies and also need to be aware of external developments 
and innovations in other industries (Gassmann and Zeschky  2008 ; Ertl  2010 ). 

 The competency analysis is a crucial part of the strategy analysis. The companies 
have to analyze their existing technological knowledge base and competencies critically 
and with an open mind in order to enhance and extend them with new solution inputs 
from outside of the company. Other helpful methods are the SWOT analysis (strengths, 
weaknesses, opportunities, and threats analysis) or Porter’s fi ve forces analysis. 

2.4.1     Problem Abstraction 

 If the objective of the cross-industry innovation process is to fi lter and select 
 solutions of an eco-innovative design problem, the project team has to assess the 
environmental impact loads at each stage of the product’s life cycle. LCA 3  tools and 
other eco-design tools can be useful to determine the required improving elements 
of the existing product. Furthermore, companies can also apply the eco-effi ciency 
guidelines from the WBCSD (World Business Council for Sustainable Development) 
to identify any problems with their eco-product (WBCSD  2000 ):

•    Reduce material intensity  
•   Reduce energy intensity  
•   Reduce dispersion of toxic substances  
•   Enhance recyclability  
•   Maximize the sustainable use of renewable resources  
•   Extend product durability    

 The problem has to be defi ned, analyzed in detail and abstracted in order to fi nd 
successful solutions that cross-organizational boundaries. Integrating the views and 
needs of the customers is also an important success factor. This phase links to the 
creation of solution ideas between different domains (Enkel and Horvàth  2010 ). The 
problem abstraction phase provides one of the greatest challenges as the project team 
of the company must break down the problem into its various functions and 
 subproblems. This method only works if the team members are willing to rethink their 

3   The International Organization for Standardization (ISO) defi nes LCA (life cycle assessment) as 
a “compilation and evaluation of inputs, outputs, and the potential environmental impacts of a 
product throughout its life cycle” (ISO 14040  2006 ). 
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expertise with an open mindset. Those who possess a curios manner, partake in diverse 
personal pursuits and hold open view of the world can also have a positive effect on 
the creativity process. To ensure that the problem is defi ned in its different parameters, 
the project team should consist of creative and highly experienced employees, sourced 
from various departments of the company (e.g., engineers, designers, marketing and 
sustainability managers, etc.). Finally, good communication skills toward the employ-
ees are essential. Team members must be able to communicate their experiences and 
knowledge to the project team easily and directly (Kalogerakis et al.  2005 ). 

 A number of abstraction methods may be implemented. The functional modeling 
method, for instance, helps to analyze and abstract the functions of a product or a 
problem in order to identify technologies used in other industries with similar func-
tions. The produced model demonstrates the systems functionality and the logical 
interconnections between that functionality. It can help the project team to overview 
the system as a whole and to gain more understanding as to what the customers 
expect (Burge  2009 ).  

2.4.2     Search for Analogies 

 The search for analogies should start internally. During brainstorming sessions, the 
employees can fi nd analogies to past projects or experiences from leisure activities, 
education, or any other area. In order to generate radical innovative ideas such as 
cross-industry innovations, the pure knowledge of the internal employees is gener-
ally not suffi cient (Schild et al.  2004 ). Additionally, there are several methods avail-
able which help to create cross-industry innovations and where a focus on the 
eco-industry is concerned; of these, the following three concepts are deemed most 
appropriate: the TRIZ database approach, the knowledge broker approach, and a 
creativity workshop with external experts and lead users. 

 The  TRIZ method  (Theory of Inventive Problem Solving) was developed in the 
former Soviet Union by Genrich Altshuller. It was based on the idea that all techni-
cal problems have already been solved by someone, somehow (Altshuller  1984 ). 
The main fi ndings of TRIZ are (Mann  n.d. ):

•    That the same problems and solutions appear again and again across different 
industries, but most organizations tend to reinvent the wheel rather than look out-
side their own experiences or the experiences of their direct competitors.  

•   That the most powerful solutions are those ones which successfully eliminate the 
compromises and trade-offs conventionally viewed as inherent in systems.  

•   That there are only a small number of possible strategies for overcoming such 
contradictions.  

•   That the most powerful solutions also make maximum use of resources. Most 
organizations are highly inclined to solve problems by adding things rather than 
making the current things work more effectively or transforming the things 
viewed as harmful into something useful.  

•   That technology evolution trends follow highly predictable paths.    
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 Altshuller created a database which evaluated nearly three million patents of 
technical and business innovations spanning many different fi elds. The information 
of the patents is condensed into 40 inventive principles. After analyzing the tech-
nical problem, the corresponding contradictions which need to be resolved must be 
defi ned. Finally, it has to be verifi ed which of the principles match to the identifi ed 
contradictions in order to fi nd suitable solutions. TRIZ offers many other concepts 
and tools which aid the problem solver in fi nding analogies. A very important ele-
ment of the TRIZ toolkit is the contradiction matrix which contains 39 engineering 
parameters. This evolved as an extension of the 40 inventive principles. Each identi-
fi ed contradiction is matched with the meaning of two appropriate parameters to 
fi nd the most frequently used principles. The advantages of TRIZ are that one can 
search systematically in a limited search space and that the method is effectively 
supported by software (Mann  n.d. ; Mann and Dewulf  n.d. ; Terninko et al.  1998 ). 

 During the last decade, more and more academics have discussed the ability of 
TRIZ methodology to help create step changes to products and processes, which are 
currently required in the fi eld of eco-innovation (Jones and Harrison  2000 ; Chen 
and Liu  2001 ; Chen and Chen  2007 ). The easiest way to create eco-innovations with 
the help of TRIZ is to determine the contradictions and to fi nd appropriate inventive 
principles from the contradiction matrix. 4  

 In the following section, we present an eco-innovative design methodology 
which uses two different TRIZ toolkits (contradiction matrix and inventive princi-
ples) to solve technical or physical contradiction and to fi nd radical eco- innovations 
(see Fig.  2.4 ).

   As previously mentioned in the problem abstraction phase, the required improve-
ment elements of eco-effi ciency based on environmental regulations or the LCA 
evaluation results of the product need to fi rstly be identifi ed. Next, the relationship of 
each eco-effi ciency element with the corresponding engineering parameters of TRIZ 
can be examined. With the help of the contradiction matrix, the TRIZ user quickly 

4   An example for contradictions is a zero waste emission process. 

  Fig. 2.4    The model of TRIZ 
problem-solving concept 
(Adapted from Chen and 
Chen  2007 )       
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obtains the appropriate inventive principles. Finally, the user can innovate new 
 eco-product or eco-process concepts (Chen and Liu  2001 ; Chen and Chen  2007 ). 

 The idea-seeking company could also form a partnership with a  knowledge bro-
ker . These specialists are familiar with many knowledge domains as they work with 
a wide variety of industries. Therefore, they are able to offer valuable insights into 
different applications and are able to transfer a solution from one domain to another. 
Knowledge brokers can be found typically in consulting companies, design agen-
cies and universities or can be diversifi ed development partners who work across 
many industries. This partnership can bring out a leveraging effect in cross-industry 
innovation. On the one hand, this cooperation allows project knowledge and experi-
ence to be used effi ciently across borders, and on the other hand, a knowledge bro-
ker acts as a catalyst – he/she helps companies to make contact with interesting 
partners among different industries (Enkel and Dürmüller  2011 ; Schild et al.  2004 ; 
Kalogerakis et al.  2005 ; Hargadon  2002 ). 

 Companies could also organize a  creativity workshop  with experts of different 
industries or even lead users to search together for analogies. Lead users are highly 
qualifi ed and forward-looking users. They are very motivated to take part in the 
product development process because they profi t directly from the new innovations 
which will solve their problems and satisfy their needs (von Hippel  1988 ). If the 
external experts and the lead users are highly diverse and if they come from differ-
ent areas, the probability is high that completely new ideas and solutions can be 
generated. Such a creativity workshop is a great opportunity for interesting discus-
sions and recombination of ideas and knowledge (Enkel and Horvàth  2010 ). A cer-
tain degree of cognitive distance can have positive effects on the cross-industry 
innovation process. “When people with different knowledge backgrounds and per-
spective interact, they stimulate and help each other to stretch their knowledge for 
the purpose of bridging and connecting this diverse knowledge” (Nooteboom et al. 
 2007 ). Another important process factor is that the participating experts are gener-
ally highly motivated. Experts from different domains are often very interested in 
cross-industry innovation workshops because they can enhance their network and 
receive insights into a completely different sector which can be helpful in develop-
ing their own products. The idea-seeking company should invite experts and lead 
users who work in high potential analogy areas to work together with them. For 
example, a company in the renewable energy industry could gain advantages from 
experts of the chemistry industry, the automotive industry and/or the aviation indus-
try. Many different creativity methods are conducted during the workshop, and this 
needs to be moderated from a skilled facilitator. In order to answer specifi c ques-
tions about the technical problem and the product group, internal managers, and 
specialist staff work together with the external experts in the workshop (Enkel and 
Horvàth  2010 ). Enkel and Horvàth ( 2010 ) recommend that a maximum of 15 par-
ticipants should take part in this creativity process. Companies should invite two 
scientists, two lead users, and three to four external experts from three to four 
 analogy areas. 

 Companies do not have to exclusively choose only one of these methods. They 
could also combine the three methods to gain successful ideas. Besides these 
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concepts, the authors recommend company employees to regularly visit exhibitions 
of other industries in order to open up their own mindset. Another important innova-
tion factor is the effective management of human resources. The company has to 
recruit new employees with experiences from different industries who can give the 
cross-industry innovation process new impetus. 

 With the help of the cross-industry innovation methods, the company is able to 
 identify  an  industry  and in addition a  partner  who would be interested to cooperate 
with them. The potential candidates should have similar organizational structures 
and strategic goals to the seeking company, and the technological distance should 
lie within acceptable boundaries. Additionally, cultural and language issues should 
also be kept in mind. 

 At the next stage –  cross-enterprise-idea-development  – a workshop should be 
conducted where both parties (the idea seeker and the solution provider) could 
 generate ideas for novel solution principles in an interactive manner.  

2.4.3     Assessment 

 The objective of this step is to acquire a pool of assessed ideas from which the 
 company can fi lter the concepts most relevant for them. It is very important to 
understand the structure and the functions of the analogies in order to evaluate them 
(Kalogerakis et al.  2005 ; Gassmann and Zeschky  2008 ). Majchrzak et al. ( 2004 ) 
recommend a two-step approach which helps to evaluate analogies. The fi rst evalu-
ation is a little coarse. The project team has to evaluate three categories for the anal-
ogy: (1) reliability, (2) relevance, and (3) adaptability of the analogous solution to 
the target problem. The analogies which do not fail in the fi rst evaluation step are 
evaluated in more detail in the second. Here, the fulfi llment of the target, the attract-
iveness for the market and the cost of the implementation are assessed in detail. 
Another method which helps to assess analogies is the “idea funnel” of Wheelwright 
and Clark ( 1992 ). This approach is very similar to the evaluation process of 
Majchrzak et al. ( 2004 ).  

2.4.4     Adaptation 

 After the assessment phase, the best identifi ed potential solution can be transferred 
to the knowledge base and applied to rectify the company’s problem. An analogy 
can be transferred on a number of different levels (Hill  1999 ):

    1.    Direct transfer of an existing technology to a new context   
   2.    Transfer of structural aspects   
   3.    Partial transfer from functional principles   
   4.    Use of an analogy for idea stimulation    
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  For example, sometimes it is not possible to transfer the identifi ed analogous 
solution in its entirety, but relevant knowledge about special aspects of an analogy 
can be transferred and applied to the technological problem (Gassmann and Zeschky 
 2008 ). Before the transfer, it has to be considered if problems will arise due to intel-
lectual property rights. If this problem exists, a more abstract transfer might be a 
solution (Kalogerakis et al.  2005 ). In order to avoid resistance within the company, 
the competencies, and culture of the solution provider have to be kept in mind 
(Schild et al.  2004 ). In addition, literature has further argued that trust is a crucial 
factor that should be considered especially in the case of uncertainty, as it is the case 
at the transfer of analogies of distant industries (Gassmann et al.  2010 ).   

2.5     Limitations 

 This chapter presents concrete insights and refl ections when applying a managerial 
framework for cross-industry innovations. Furthermore, a systematic process model 
is proposed. However, there are some limitations that need to be kept in mind. 

 Since the proposed process model is conceptual, it has to be tested empirically. 
Subsequently, the authors of this chapter will be applying the CII model to various 
companies of the eco-industry to gain further insights into the process and further 
developing it if deemed necessary. Further insights can be drawn from additional case 
studies in other industries, and these fi ndings could better improve the existing frame-
work. In addition, this process model has been created for large companies, as the 
recommended analogy search methods – such as the TRIZ database approach – can 
be very complex and expensive. Further research is needed to propose a systematic 
cross-industry model for small- and medium-sized companies.  

2.6     Conclusion 

 This chapter presents a new framework which helps to develop eco-innovations. We 
state that the search for analogies plays an important role in the fuzzy front end of 
the eco-innovation process. Furthermore, far analogies and particularly cross- 
industry innovations increase the chance to generate radical eco-innovation. 

 We aim to extend the cross-industry innovation models of Gassmann and 
Zeschky ( 2008 ) and Kalogerakis et al. ( 2005 ) by adding a detailed search strategy. 
This new process model can help managers to search and implement cross-industry 
eco-innovations in a systematic way with limited risk and cost. The CII model 
includes fi ve major phases:

    1.    First, companies have to analyze their internal corporate strategy and their poten-
tial strengths. It is necessary that management foster the search for external solu-
tions and allow the employees to rethink established thinking patterns in order to 
fi nd suitable analogies.   
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   2.    The problem has to be defi ned and analyzed in detail. The abstraction of the 
problem might be diffi cult for companies who have already established products 
and processes. These problems could be overcome when the employees are will-
ing to rethink their expertise with an open mindset.   

   3.    We found that after abstracting the technological problem, analogies can be 
searched best by TRIZ database, knowledge broker and/or workshops with 
external experts and lead users in order to create eco-innovations.   

   4.    Companies must understand the structure and the function of the analogies in 
order to evaluate what knowledge is valuable and thus is subject for transfer. The 
methods of Majchrzak et al. ( 2004 ) and Wheelwright and Clark ( 1992 ) can help 
to fi nd the concept most relevant for the companies.   

   5.    After the assessment phase, the best identifi ed potential solution can be trans-
ferred to the knowledge base and applied to rectify the company’s problem.    
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    Abstract     Eco-innovation is currently a fuzzy concept in need of theoretical 
 clarifi cation. It is diffi cult to defi ne because of the complexity of the subject. 
Nevertheless, eco-innovation can be described as innovation that consists of new or 
modifi ed products, processes, practices, systems and business methods which aims 
to prevent or reduce environmental risks and can contribute to environmental sus-
tainability. In this sense, the term eco-innovation has called attention to the positive 
contribution that industry can make to sustainable development and a competitive 
economy. Hence, eco-innovation is understood as the combined improvement of 
economic and environmental performance of society. If eco- innovation is consid-
ered a dynamic of our society, economic growth, social development and environ-
mental integrity are essential ingredients of sustainability. Performance is the result 
of complex socio-economic process and has different dimensions (environmental 
and economic) and levels (micro and macro). A systematic analysis of eco-innova-
tion dynamic should consider – at micro level – social processes between knowl-
edge, institutions and fi rms and look for causal links among them. At the macro 
level, it is necessary to understand environmental, economic and social dimensions 
in which eco-innovation strategies may develop. The new economy is not only a 
knowledge economy but also an economy based on responsible behaviour. In the 
knowledge- based development (KBD), the key to growth and prosperity relies on 
the issues of acquiring, creating, developing, storing and applying knowledge for a 
sustainable economic, social and environmental development. A knowledge-based 
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perspective may provide a holistic approach on wealth creation where eco-innovation 
is seen as a concept which provides direction and vision for pursuing the overall 
societal changes needed to achieve sustainable development. This chapter aims to 
explore the foundations of KBD and propose a framework to integrate the two key 
issues, eco-innovation and KBD.  

  Keywords     Eco-innovation   •   Knowledge-based development   •   Sustainable development  

3.1         Introduction 

    In recent decades, the expansion of economic activity has been accompanied by 
the growing global environmental concerns, such as climate change, energy 
 security and increasing scarcity of resources. New economic laws and social 
trends have arisen, and many challenged drivers have started to transform mar-
kets. In fact, we are witnessing a burgeoning public consciousness of the role of 
business in helping to cultivate and maintain highly ethical practices in society 
and particularly in the natural environment. A differentiated feature in the context 
of knowledge economy (KE) is that not only economic laws drive the concept of 
excellence (Peters and Waterman  1982 ; Ironica et al.  2010 ), but corporate social 
responsibility and ethics will also shape it in the future (Viedma and Cabrita 
 2012 ). In the KE, sustainable competitive advantages are usually based on intan-
gibles or intellectual capital and have to be achieved within an ethically and 
socially responsible business models. 

 In the global knowledge economy, innovation is essential for the creation of 
wealth, new jobs and achieving societal goals. Leveraging innovation is particu-
larly important today, in what is the most severe global economic crisis since the 
Great Depression of the 1930s. By all indicators, this crisis will last longer than 
most past crisis because it is global and the risk is systemic. Nevertheless, this is 
also a time of hope. History has shown that times of crisis are also times of innova-
tion, when institutional, mental and other obstacles are more easily removed. In this 
time, governments, organisations and individuals have a key role to play in the 
transformation of socio-economic development strategies embracing a new vision, 
ethical behaviours and adequate policies that promote business and job opportuni-
ties oriented to an improvement in both an economic and environmental perfor-
mance (win-win solution). The fl agship initiative “resource-effi cient Europe” of 
the Europe 2020 strategy (European Commission  2010 ) has become an “umbrella” 
issue included in various policy agendas (Eurostat  2009 ) and contexts 
(EurObserv’ER  2009 ). As a response, a “green recovery” policy is being followed 
in several countries. 

 Rising demand for a better environment has led to an expanding supply of envi-
ronmentally friendly techniques, products and services in both the industrialised 
and developing countries (European Commission  2009 ). In response, industrial 
companies have increasingly shown more interest in sustainable production and 
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have adopted certain corporate social and environmental responsibility initiatives 
(European Commission  2011 ). If we consider eco-innovation as a dynamic of our 
society, both economic growth and decoupling are essential ingredients of sustain-
ability. Eco-innovation can contribute to new business opportunities which could 
make fi rms, sectors and countries more competitive. These days, eco-innovation 
presents interesting growth perspectives for an ever-greater number of businesses, 
thanks to a wide variety of niche market opportunities. Roland Berger Strategy 
Consultants ( 2009 ) expects 3.1 trillion in global sales generated by eco-industries 
by 2020, i.e. more than a doubling, and calls eco-technologies the  twenty-fi rst- 
century lead industry . The Eco-innovation Action Plan (EcoAP), launched by the 
European Commission in December 2011, is a signifi cant step forward for eco- 
innovation moving the EU beyond green technologies and fostering a comprehen-
sive range of eco-innovative processes, products and services. The ambitious plan 
will also focus on developing stronger and broader eco-innovation actions across 
and beyond Europe. 

 A broad view of innovation refers to something that is new relative to a given 
context. Innovation may be new to the country in which it appears, to the region or 
the sector in which it takes place or to the fi rm that develops or adopts it. What 
matters is the diffusion of this relative novelty as a source of wealth, jobs and 
welfare. Then, innovation policy should, in priority, aim to capture global knowl-
edge and technology and to adapt and disseminate them in local contexts (World 
Bank  2010 ). Another important issue is the fundamental role of pro-poor innova-
tions or inclusive innovation. Four billion people, a majority of the world’s popu-
lation, form the bottom of the economic pyramid. Innovation should be encouraged 
to benefi t poor communities. The range and success of such innovations have 
fl ourished, adapting existing technologies and knowledge to local contexts (e.g. 
India’s Aravind Eye Hospital 1  or the Malaria Research and Training Centre in 
Bamako). 2  

 A knowledge-based development (KBD) perspective, integrating the concepts 
of economic performance, social well-being and environmental principles, can 
provide a holistic approach to understand the nature and scope of eco-innova-
tion and its rising role in the globalising economy. In its approach this chapter 
points to the need of linking up the concept of eco-innovation to knowledge-
based competitiveness.  

1   India’s Aravind Eye Hospital deals with blindness in general and the elimination of needless 
blindness in particular in rural India. They use Internet kiosks in remote locations in Madurai to 
screen people’s eyes under the supervision of a paramedic. The information is sent by the Internet 
to a clinic of diagnosis. The Aravind eye-care system treats 1.4 million patients a year, and since 
its inception, it has performed over 2 million operations. 
2   The Malaria Research and Training Centre in Bamako, Mali, created in 1992, is internationally 
recognised for its contributions to research on malaria and the improvement of public health stand-
ards. It works with traditional doctors to create a source of immediate care in the Bandiagara 
region and has helped to reduce the mortality rates of young children signifi cantly. 
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3.2     A Knowledge-Based Development Perspective 

 Knowledge-based development (KBD) as a fi eld of study and practice is receiving 
a growing amount of attention from governments and public entities.    The origins of 
KBD can be traced back to infl uent disciplines such as economics, urban studies 
and planning, anthropology, psychology, social sciences, architecture, political 
economy, innovation management, information and technology management and 
knowledge management. Recent literature provides various approaches on the 
attempts to integrate those disciplines contributing to KBD understanding. The con-
cept is anchored in knowledge management (KM), which primarily emerged in 
business as a response to the need of identifying, valuing and capitalising all factors 
of value creation, namely, knowledge-based factors. Later on, this stream of research 
expands to individual-, organisational- and social-based development, covering 
broader contexts such as cities, regions, clusters and nations. 

 The World Bank has introduced a knowledge-based framework at the national 
level called the knowledge-based economy which provides the foundations to 
develop strategies for the countries to follow in developing knowledge economies. 
Such framework consists of four pillars – an educated and entrepreneurial popula-
tion; a dynamic information systems structure; an economic and legislative 
 environment that favours knowledge transfer, entrepreneurship and information 
and communication technology (ICT) infrastructure; and an effi cient innovation 
system. The Asian Development Bank expanded this knowledge-based economy 
framework to include the application of knowledge management to sociocultural 
and natural-environmental domains. The resulting framework is called knowledge- 
based development (KBD) which intends to refl ect the combination of two power-
ful development paradigms: sustainable development and knowledge-based 
management. 

 Knowledge has always been important for development. However, knowledge 
needed in KE is wider than technological knowledge; it includes cultural, social and 
managerial knowledge. This knowledge also refers to culture, values, emotions, 
relationships and other intangibles that coming together form a coherent framework 
for the company’s future value. The organisation’s knowledge is about its capability 
in integrating information with expertise to take action. Knowledge is then assumed 
as “capacity to act” (Sveiby  2001 ) or a capacity (actual or potential) to take effective 
action in varied and uncertain situations. 

 Since the early 1990s, researchers and policymakers in advanced economies 
have focused on KBD as a means to stimulate economic growth (OECD  1996 ) and 
sustain industrial competitiveness. A major concern has been to gain in consis-
tency along a number of lines that seem to be shaping this emerging fi eld: interdis-
ciplinary, conceptual frameworks, systems approach and, in particular, strategic 
perspective. Several KBD models have been proposed and criticised (Carrillo 
 2006 ; Yigitcanlar and Velibeyoglu  2008 ), emerging a key and common feature that 
is the focus on the creation, exchange and application of knowledge to solve prob-
lems and drive economic growth, social development and ecological responsibility. 
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The challenge is to think and promote a sustainable society based on three target 
areas: social solidarity, economic effi ciency and ecological responsibility, as 
depicted in Fig.  3.1 .

   In response, governments in both advanced industries and developing economies 
have embarked on a number of initiatives focused on national capacity building, 
education, entrepreneurial skills and innovation to create a favourable context for 
value-creating activities and improved standards of living. The literature provides 
some evidences in the fi eld of KBD at different levels: urban (Singapore, Barcelona), 
regional (Veneto, Basque Country), national (Denmark, Australia, New Zealand) 
and supranational (European Union).  

3.3     Related Theories of Knowledge Economy 

 Since the 1960s, when knowledge was recognised as being increasingly important 
in economic activities, many economic theories at both macro and micro levels 
(Fig.  3.2 ) have emerged to examine the phenomenon.

   At the macro level (cities, regions and nations), main contributions come from 
(1) the evolutionary theory (Nelson and Winter  1982 ), (2) the national systems of 
innovation (Lundvall  1985 ), (3) the regional systems of innovation (Cooke  1992 ) 
and (4) the triple helix model (Etzkowitz and Leydesdorff  2000 ). 
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  Fig. 3.1    Pillars of KBD (Source: Adapted from Yigitcanlar and Velibeyoglu  2008 )       
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 At the micro level, main contributions come from (1) the resource-based view 
(Penrose  1959 ), (2) the knowledge-based view (Grant  1996 ), (3) the dynamic 
capabilities- based view (Teece et al.  1997 ) and (4) the open innovation 
(Chesbrough  2003 ). 

3.3.1     At the Micro Level 

 Value creation process in the context of knowledge economy is directly linked to the 
intelligence, the speed and the agility that comes from a host of latent intangibles 
which represent a reservoir of potential talent and innovation that provides a source 
of competitive advantage. This suggests that the value generated is a function of the 
way in which resources are managed. The key to value creation lies with the effect-
iveness of knowledge transfers and conversions (Sveiby  2001 ). In response, new 
models of business are emerging where the value chains have their hard nucleus in 
the creation, dissemination, application and leverage of intellectual resources. 

3.3.1.1     The Resource-Based View (RBV) 

 The focus of resource-based view is on the relationship between fi rm resources and 
fi rm performance. Following the seminal work of Penrose ( 1959 ), the RBV proposes 
that fi rms consist of bundles of productive resources and it is the heterogeneity of skills 
and capabilities available from its resources that gives each fi rm its uniqueness.  

3.3.1.2     The Knowledge-Based View (KBV) 

 The KBV of the fi rm considers knowledge as the most strategically signifi cant 
resource of a fi rm, and in that sense this perspective is an extension of the RBV. 
Value is then created through complex dynamic exchanges between tangibles (goods 
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  Fig. 3.2    Related theories of knowledge economy       
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and money) and intangibles (cognition processes, intelligence and  emotions) where 
individuals, groups or organisations engage in a value network by converting what 
they know, both individually and collectively, into tangible and intangible value.  

3.3.1.3    The Dynamic Capabilities-Based View 

 The concept of dynamic capabilities has evolved from the RBV of the fi rm. Dynamic 
capabilities have lent value to the RBV arguments as they transform what is essen-
tially a static view into one that can encompass competitive advantage in a dynamic 
context. Teece et al. ( 1997 ) defi ned dynamic capability as a fi rm’s ability to inte-
grate, build and reconfi gure competence.  

3.3.1.4    The Open Innovation 

 The key idea behind open innovation is that, in a world of widely distributed 
knowledge, companies cannot afford to rely entirely on their own research, but 
should instead buy or license processes or inventions (i.e. patents) from other 
companies.   

3.3.2     At the Macro Level 

 Innovation processes germinate and develop within what are called “innovation 
 systems”. These are made up of private and public organisations and actors that con-
nect in various ways and bring together the technical, commercial and fi nancial 
competencies and inputs required for innovation. A number of models have been 
proposed for modelling the production process of university-industry-government 
relations. 

3.3.2.1    Evolutionary Theory 

 The evolutionary theory of economic changes observes the economy in an evolu-
tionary process. In their pioneering work, Nelson and Winter ( 1982 ) equated fi rms 
with living organisms. Firms have capabilities as “routines”, just like “genes” in 
living organisms, and are heterogeneous in capabilities. When doing businesses, 
fi rms repeat their routines and imitate other fi rms’ routines deemed suitable to the 
market. In this process of performing these routines, innovation occurs naturally as 
the unpredictable “mutation” of routines, giving some advantages to the innovative 
fi rms. As such, fi rms’ capabilities evolve and so does the economy. The  evolutionary 
models share some common features of the dynamic and non-deterministic eco-
nomic processes which never end in a stable state of equilibrium.  
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3.3.2.2    National System of Innovation (NIS) 

 The National System of Innovation (NIS) may be conceptualised as a means by 
which a country seeks to create, acquire, diffuse and put into practice new know-
ledge that will help that country and its people achieve their individual and collect-
ive goals. The approach fi nds broad applications in policy contexts – by regional 
authorities and national governments as well as by international organisations such 
as the OECD, the European Union, the UNCTAD and the UNIDO.  

3.3.2.3    The Regional Innovation Systems (RIS) 

 Similar to NIS, the concept encourages the application and dissemination of knowl-
edge, skills and best practices in regions. One of the assumptions of the RIS 
approach is that many innovative fi rms operate within regional networks,  cooperating 
and interacting not only with other fi rms such as suppliers, clients and competitors 
but also with research and technology resource organisations, innovation support 
agencies, venture capital funds and local and regional government bodies. Innovation 
is a learning process that benefi ts from the proximity of organisations that can 
 trigger this process.  

3.3.2.4    Triple Helix Model of Innovation 

 The triple helix model (Etzkowitz and Leydesdorff  2000 ; Leydesdorff  2006 ) set out 
the generative principles of knowledge-based economies based on three basic 
 elements: (1) industry as the locus of production, (2) government as the source of 
relations that guarantee stable interactions and exchange and (3) universities as 
source of new knowledge and technological developments. As demonstrated in 
Fig.  3.3 , the helices interact among one another leading to the dynamics of the 
whole system.

   Based on the review of theories that support the KBD, it is clear that innovation 
is strictly related to the application of knowledge. The pervasive use of new tech-
nologies in all industries and activities requires new skills and new types of knowl-
edge. Higher levels of education and greater fl exibility in policies and institutions 

Enterprises Government Universities

  Fig. 3.3    Triple helix model of innovation       
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are necessary to take advantage of the innovation potential of such advances and to 
build the foundations of the so-called knowledge economy (World Bank  2007 ).    

3.4     The Eco-innovation Challenge 

 According to  Oslo Manual , innovation is described as “the implementation of a new 
or signifi cantly improved product (good or service), or process, a new marketing 
method, or a new organizational method in business practices, workplace organiza-
tion or external relations” (OECD and Eurostat  2005 : 46). Although this defi nition 
generally applies to eco-innovation, the concept goes beyond the product/process/
practice towards a broader societal context including two further signifi cant charac-
teristics: (1) eco-innovation is innovation that seeks to fi nd new solutions to existing 
problems, as well as offering opportunities of new activities with emphasis on a 
reduction of environmental impact, whether such an effect is intended or not, and 
(2) it is not limited to innovation in products, processes, marketing methods or 
organisational practices, but also includes innovation in social and institutional 
structures. 

 The concept of eco-innovation emerged in recent literature with Fussler and 
James ( 1996 ). Eco-innovation is currently a fuzzy concept in need of theoretical 
consistency. James ( 1997 ) defi nes eco-innovation as new products and processes 
that provide customer and business value but signifi cantly decrease environmental 
impacts. The OECD ( 2007 ) defi nes eco-innovation as “activities which produce 
goods and services to measure, prevent, limit, minimize or correct environmental 
damage to water, air, soil as well as problems related to waste, noise and ecosys-
tems. This includes technologies, products, and services that reduce environmental 
risks and minimise pollution”. Eco-innovation becomes an emerging priority in EU, 
relating to different aspects of almost all industries. In line with    the Competitiveness 
and Innovation Framework Programme (CIP), eco-innovation is a fairly recent busi-
ness and technology area which describes products, services and processes aiming 
at reducing environmental impacts. 

 According to international    offi cial statistics, eco-innovation covers a wide range 
of activities including areas such as the following: alternative energy, including 
energy storage and supply infrastructure; energy savings; consultancy and innova-
tive project/business engineering and fi nance services; environmental damage 
remediation, including brownfi eld rehabilitation; transport; recycling; eco- 
innovative product engineering, i.e. factoring recycling from development; new 
ways of leveraging natural resources; construction, eco-construction and urban 
regeneration; new products, processes and business models and even possibly new 
uses and adaptations of existing products and materials (eco-design and 
 eco- products), as well as new materials; environmentally friendly agriculture, 
including production and breeding of natural organisms (ladybirds, earthworms, 
etc.); spatial planning; zero-energy housing, intelligent water management housing 
and housing built with sustainable construction products; and the wellness industry, 
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which in some regions can also include the development and processing of organic 
products, eco-tourism and therapeutic tourism as well as preventive medicine and 
medical care for the elderly. 

 To date, the promotion of eco-innovation has focused mainly on environmental 
technologies; however, tendencies to broaden the scope of concept are now emer-
ging. In Japan, the government’s Industrial Science Technology Policy Committee 
defi nes eco-innovation as a new fi eld of techno-social innovations that focuses less 
in products and more in the environment and people (METI  2007 ). Social innov-
ation is innovation that considers the human element integral to any discussion on 
resource consumption. It includes market-based dimensions of behavioural and life-
style change and the ensuing demand for green goods and services. The  Forum on 
Social Innovation  defi nes it as innovation that “concerns conceptual, process or 
product change, organizational change and changes in fi nancing, and can deal with 
new relationships with stakeholders and territories”. Eco-innovation is then seen as 
a concept which provides direction and vision for pursuing the overall societal 
changes needed to achieve sustainable development.  

3.5     Eco-innovation and Knowledge Management 

 The OECD Project on Sustainable Manufacturing and Eco-innovation was launched 
in 2008. Its aim is the acceleration of sustainable manufacturing production through 
the diffusion of existing knowledge and the facilitation of the benchmarking of 
products and production processes. It also aims to promote the concept of eco- 
innovation and to stimulate the development of systemic solutions to global envir-
onmental challenges. 

 At the micro level, organisations should leverage their knowledge-based ecosys-
tems. Van der Borgh et al. ( 2012 ) state that value creation by knowledge-based 
ecosystems draws on the dynamics of single fi rms (interacting and partnering) as 
well as the ecosystem at large. The authors identifi ed two key drivers of value 
 creation in the ecosystem: (1) facilitation of the innovation processes for individual 
fi rms (transactions of resources between members of ecosystem) and (2) creation of 
an innovation community (macro-culture, shared beliefs/assumptions that all eco-
system members hold on innovation). 

 Knowledge-based view (KBV) identifi es in knowledge, which is characterised 
by scarcity and diffi cult to transfer and replicate, a critical resource for achieving 
competitive advantage. Knowledge management (KM) implies the development, 
transfer and application of knowledge within the organisation so as to attain and 
maintain competitive advantage. KM relates to the processes and practices through 
which organisations create knowledge-based value. Key KM activities are as fol-
lows: knowledge acquisition (from customer, supplier, competitor and partner rela-
tions), knowledge development (directed towards creation of new skills and 
products, better ideas and improved processes), knowledge distribution (exchange 
and dissemination of knowledge from an individual to a group or the organisation), 
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knowledge utilisation (productive use for the benefi t of the organisation), know-
ledge retention (selection, storage and updating of information, documents and 
experience) and measurement and assessment of knowledge. The fl ow of know-
ledge depends on people and the social environment they operate in. Figure  3.4  
illustrates this conceptual linkage between sociocultural context (practical approach) 
and technological context (process approach).

   KM thus represents a systematic approach towards searching and using the 
knowledge on behalf of creating value. These basic principles of KM can be 
applied in production fi rms, fi nancial entities, business organisations and also gov-
ernment institutions, representing also a critical area to be developed in the eco-
innovation industries (Cabrita et al.  2010 ). Building upon KM processes and linking 
them to the eco-innovation frameworks enable organisations to capture, reconcile, 
store and transfer knowledge in an effi cient manner and at the same time enhance 
their business performance and competitive advantage.  

3.6     Integrating Eco-innovation Frameworks 
and Knowledge-Based Development Perspective 

 Based on an extension of the defi nition of innovation in the OECD  Oslo Manual  and 
on the existing literature (e.g. OECD  2009 ), eco-innovation can be understood and 
analysed according to its  targets  (the main focus), its  mechanisms  (methods for 
introducing changes in the target) and its impacts (the effects on environmental 
conditions). 
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 Following the  Oslo Manual  the target of an eco-innovation may be products 
(goods and services), processes (e.g. production method), marketing methods (pric-
ing and promotion or other market-oriented strategy), organisations (e.g. structure 
of management) and institutions (broader societal area). The target of eco- innovation 
can be technological (products and services) or non-technological (marketing, 
organisations and institutions). 

 Mechanisms refer to the method by which the change is introduced. Four basic 
mechanisms are identifi ed: modifi cation (progressive product or process adjust-
ments), redesign (signifi cant changes in products, processes, structures, etc.), 
alternatives (introduction of goods and services that can fulfi l the same functional 
need and can operate as substitute of other products) and creation (design and 
introduction of entirely new products, processes, procedures, organisations and 
institutions). Finally, impact refers to the eco-innovation’s effect on the environ-
ment, across its life cycle or some other focus area. 

 A tentative template for an integrative methodology for eco-innovation on a 
knowledge-based development perspective might be illustrated in Fig.  3.5 .

   The general structure of the integrative methodology for eco-innovation is 
grounded in knowledge-based development perspective. Sustainable development 
platform represents economic (profi t), social (people) and environmental (planet) 
drivers in business activities, which infl uence management decisions in what 
 concerns innovation target and mechanisms. Impacts are measured at a micro 
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(leveraging organisational knowledge) and at a macro level (assuring sustainable 
development). Potential environmental impacts stem from the eco-innovation’s 
 target and mechanism and their interplay with its socio-technical surroundings. 

 Innovation is extremely dependent on the availability of knowledge, and  therefore, 
the complexity created by the explosion of richness and reach of knowledge has to 
be recognised and managed to ensure successful innovation. Knowledge manage-
ment provides the tools, processes and platforms to ensure knowledge availability 
and accessibility, e.g. through structuring of the knowledge base. Knowledge man-
agement can facilitate collaboration as mechanism to foster innovation through pro-
vision of technological platforms and tools to enable knowledge sharing. Knowledge 
management also ensures the fl ow of knowledge used in the innovation process. 

 In essence, this approach represents the intricacies of sustainable development 
principles of economic growth, social well-being and environmental responsibility 
that can boost eco-innovators’ wealth creation capacity.  

3.7     Conclusion 

 Innovation is at the heart of economic development, social welfare and protection of the 
environment. In a dynamic and global environment, the need for innovation is greater 
than ever, and the challenge to make these three objectives compatible is vital. 
Innovation should be understood as something new to a given context that improves 
economic performance, social well-being or the environmental setting. It can be new to 
the fi rm, new to the economy or new to the world. Every society has to fi nd the ways 
and means to innovate that correspond to its needs and capabilities (World Bank  2010 ). 

 KBD is a strategic approach that aims to make countries compatible with the KE 
helping to address sustainable development strategies. Eco-innovation presents 
interesting growth perspectives for an ever-greater number of businesses, thanks to 
a wide variety of niche market opportunities. Integrating eco-innovation strategies 
and a KBD approach can provide a holistic view of eco-innovation drivers and 
leverage the positive contribution that industry can make to sustainable develop-
ment and a competitive economy.     
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Abstract This chapter presents a framework entitled “ECORE,” which aims to 
assist in developing and assessing radical eco-innovations. Our proposed frame-
work seeks to address theoretical gaps and unresolved problems from three 
research fields – eco-innovation, quality management, and life cycle assessment. 
ECORE synthesizes ideas and concepts from these three fields into a set of key 
principles and practices that can further integrate sustainability into business 
practices. These key principles are based on the idea that stakeholder interactions 
should form the basis of eco-innovation, that a life cycle perspective should be 
adopted in the design stage of eco-innovation, and that stakeholder needs must be 
translated into eco- innovation characteristics throughout the design process. We 
illustrate our framework with a hypothetical example that focuses on reducing the 
environmental impacts of carbonated beverage consumption. The chapter con-
cludes by presenting the views of practitioners that were invited to provide feed-
back on our proposals.
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4.1  Introduction

Companies increasingly understand the importance of sustainable development. 
The sustainability challenge has been translated partly into a need to develop eco- 
innovations, which are “new products and processes which provide customer and 
business value but significantly decrease environmental impacts” (James 1997, p. 53). 
In order to become eco-innovative, companies must operationalize new compe-
tences, concepts, and tools that can assist in both maximizing economic returns to 
environmental activities and integrating sustainability into business practices.

Many scholars (e.g., Luttropp and Lagerstedt 2006; Maxwell and Van der Vorst 
2003) argue that sustainability should be integrated into existing managerial tool-
boxes. One such toolbox is found within quality management (QM). QM focuses 
mainly on customer expectations (Dean and Bowen 1994), and sustainability is 
becoming an explicit customer need. However, companies that focus only on cus-
tomers may limit their potential to be eco-innovative. This is because innovations 
that result from interactions with customers tend to be of an incremental nature 
(Biemans 1991), whereas interactions between companies and other partners such 
as suppliers and universities can stimulate more radical innovations (Liyanage 
1995; Baiman et al. 2002). Hence partnerships with a range of stakeholders could 
help companies develop eco-innovations with a greater potential to reduce environ-
mental impacts.

A further problem is that it is difficult to quantify the actual environmental impacts 
of eco-innovation. Life cycle assessment (LCA), which seeks to quantify the envi-
ronmental impacts of a product system from “cradle to grave” (Baumann and Tillman 
2004), is one potential means to resolve this problem. The application of LCA in 
industry is notable, with life cycle assessment applied by the majority in some indus-
try contexts (Brunklaus et al. 2012). However, LCA is usually applied on a post hoc 
basis. Adopting a life cycle perspective at the design stage could both provide useful 
guidance to product developers and enhance interactions with stakeholders that 
assist in developing eco-innovations.

This chapter develops a framework entitled “ECORE,” whose main aim is to  
(1) explore ways to promote interactions with stakeholders that can assist in developing 
eco-innovations, (2) explore ways to reconfigure QM tools such that they support radi-
cal eco-innovation, and (3) examine ways to measure and quantify the environmental 
benefits of eco-innovation. Here we perform state-of-the-art reviews of three research 
fields (eco-innovation, QM, and life cycle assessment). We also draw on research from 
the wider field of innovation studies to suggest ways to assist practitioners in develop-
ing and evaluating eco-innovations. Our aim is to identify research gaps and to synthe-
size ideas and concepts from these three fields as a basis for the ECORE framework.

This chapter comprises six sections of which this was the first. The next section 
outlines our methodological approach. Our state-of-the-art reviews are presented in 
Sect. 4.3, and Sect. 4.4 describes a set of key principles and practices that underpin 
the ECORE framework. In Sect. 4.5, we exemplify the use of our framework by 
considering potential changes to carbonated beverage consumption. Section 4.6 
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concludes by considering the views of ten practitioners that provided valuable 
 comments and feedback regarding our proposals.

4.2  Methodology

This chapter is based on a conceptual method (Meredith 1993) where our proposed 
framework integrates “a number of different works on the same topic, summarizes 
the common elements, contrasts the differences, and extends the work.” Our contri-
bution integrates eco-innovation, QM, and LCA using MacInnis’ (2011) four con-
ceptual goals (envisioning, explicating, relating, and debating). Relating is based on 
the specific goal of integrating, i.e., “to see previously distinct pieces as similar, 
often in terms of a unified whole” (MacInnis 2011: 138).

Our state-of-the-art reviews1 provide the basis for a framework that assists in 
developing and assessing eco-innovations. The state-of-the-art reviews were 
derived through an iterative process capitalizing on the authors’ expertise from the 
three areas (eco-innovation, QM, and LCA). As a first step, each researcher 
searched for literature in their respective fields through searches in Google Scholar 
and Web of Science and via discussions with colleagues in the respective fields. We 
searched for papers that are widely cited and highly regarded within each research 
field. These papers were presented and discussed at a research workshop that 
resulted in a first skeleton of a framework. The framework was later refined by 
including a  hypothetical example and further discussed and documented in a sec-
ond research workshop.

In the process of developing this framework, we also invited ten practitioners, 
mostly from the Swedish automotive industry, to comment and provide feedback on 
our proposals at a workshop. The practitioners each had different levels of experi-
ence, ranging from 5 to 30 years. The workshop resulted in further refinements of 
the framework, mainly to clarify key elements such as the continuous and iterative 
use of LCA and the integration of sustainability concerns into daily engineering 
practice.

4.3  State of the Art

This section reviews research on eco-innovation, QM, and LCA. We identify 
research gaps, common themes, and potential synergies between these three fields 
as a conceptual basis for our proposed framework. We also focus on studies that 
address interdisciplinary issues that are key to our aim: to develop a framework that 
assists managers seeking to make products and processes more environment friendly.

1 We are not able to include references to all reviewed works due to space requirements. A full 
bibliography is available upon request.
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4.3.1  Eco-innovation

Eco-innovation is a term that is often used interchangeably with others such as 
environmental technology and eco-efficiency (Hellström 2007). However, eco- 
innovation is not limited to technology. While definitions vary, eco-innovation typi-
cally relates to the commercialization of novel products and processes that can 
reduce environmental impacts (James 1997; Rennings 2000).

Researchers have adopted management-, industry- and society-level  perspectives 
to study eco-innovation. Research that has adopted a management perspective has 
focused primarily on four themes. The first theme relates to management tools that 
can facilitate eco-design (e.g., Ferrer et al. 2012). Various tools have been utilized 
for this purpose, including design for environment, case-based reasoning, and TRIZ 
modeling. Despite these efforts, scholars have earmarked eco-design as an under-
researched topic within the field of eco-innovation (Carrillo-Hermosilla et al. 2009). 
Another under-researched area relates to the assessment of the environmental 
impacts of eco-innovation. Some work has been done on this second theme (e.g., 
Bocken et al. 2012), utilizing tools such as LCA, simplified LCA, and life cycle 
planning. A third theme develops typologies for categorizing different types of eco- 
innovation in terms of new products and processes, value chain, and network and 
governance measures (e.g., Carrillo-Hermosilla et al. 2009).

The fourth and most researched theme focuses drivers and barriers of eco- 
innovation. This theme resonates with other fields of research such as corporate 
environmentalism, where scholars have utilized different theoretical approaches to 
examine why companies engage in environmental activities. These include new 
institutional theory (Hoffman and Ventresca 1999), stakeholder theory (Delmas and 
Toffel 2004), the resource-based view of the firm (Sharma and Vredenburg 1998; 
Hart 1995), supply chain management (Handfield et al. 2005), neo-Gramscian the-
ory (Levy and Egan 2003), and strategic management (Nehrt 1996). Studies of driv-
ers and barriers are thus not exclusive to management-level studies but extend to the 
industry and society levels. A commonality as regards environmental activities in 
general and eco-innovation in particular is that drivers and barriers typically eman-
ate from different stakeholders. These include the government (via public policies) 
(e.g., Sierzchula et al. 2012; Veugelers 2012), customers (e.g., Tsai et al. 2012), 
external stakeholders (e.g., Stevens and Stevenson 2012; Oltra 2011), and internal 
stakeholders with key competences (e.g., Kesidou and Demirel 2012).

However, studies that adopt industry- and society-level perspectives identify an 
additional range of factors that support eco-innovation. These include participation in 
innovation networks, for example, which can spur both the development and dissemi-
nation of knowledge and innovative ideas (Yang et al. 2012). Similarly, some studies 
have identified the importance of systemic interactions between actors such as univer-
sities, research institutes, companies, suppliers, governments, and consumers that 
provide key resources for innovation. These studies utilize approaches such as socio-
technical systems (Geels 2004), the multilevel perspective (Markard and Truffer 
2008a; Geels and Schot 2007), and technological innovation systems. The latter 
approach has been applied to environmental technologies such as alternative transport 
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fuels (Sandén and Hillman 2011), solar photovoltaics (Dewald and Truffer 2011), and 
stationary fuel cells (Markard and Truffer 2008b). By interacting with different types 
of stakeholders, companies can gain access to resources that can be critical for devel-
oping eco-innovations. These resources include knowledge and competence, access 
to markets, legitimacy, finance, and human capital. These resources are particularly 
useful for companies that pursue radical eco-innovations given their inherent risks.

4.3.2  Quality Management

The field of QM focuses on developing and improving product offerings to meet and 
exceed customer expectations. The term quality relates to “what we think, feel, or 
sense as a result of the objective reality…there is a subjective side of quality” (Shewhart 
1931). Some scholars have elaborated on the more objective aspects of quality. Taguchi 
(1986), for example, defines quality loss as “the loss a product causes to society after 
being shipped, other than any losses caused by its intrinsic functions.” Quality thus has 
societal dimensions beyond (subjective) customer preferences. The subjective aspects 
of quality imply that QM would benefit from a broadened view of the customer that 
extends the current focus on buyers/users to encompass diverse stakeholders.

Such a broadened view can have various benefits. By considering the needs and 
potential inputs of diverse stakeholders, QM can both develop more radical innov-
ations (Liyanage 1995; Baiman et al. 2002) and account for noncustomers’ needs 
(Garvare and Johansson 2010). Stakeholder interaction can thus assist in making 
QM serve society at large, as advocated by Taguchi (1986), and in making busi-
nesses more environmentally sustainable. However, despite facing rising pressures 
to enroll in sustainability initiatives, practitioners require support to integrate sus-
tainability into engineering practices (Wilkinson et al. 2001). Some scholars have 
argued that sustainability should be integrated into existing toolboxes instead of 
developing new ones (Kitazawa and Sarkis 2000; Luttropp and Lagerstedt 2006; 
Maxwell and Van der Vorst 2003). QM appears useful in this respect because “[it] 
can serve as a bridge between the concept of environmental sustainability and con-
crete applications by managers” (Rusinko 2005: 59). The rationale that supports this 
statement is that QM is “well known, corroborated and integrated into most organ-
izations’ management processes, familiar to most managers and also very easy to 
adapt to an environmental program” (Silva et al. 2013).

4.3.3  Life Cycle Assessment

LCA encompasses a set of tools that are typically used to examine the environmen-
tal impacts of product systems. Its central attributes include a life cycle perspective 
(covering raw material acquisition, production, use, disposal, and potential  recycling/
reuse loops) and the consideration of general impact categories (resource  availability, 
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human health, and ecological consequences). While LCA is typically performed on 
a post hoc basis to evaluate the impacts of existing or newly developed products and 
product systems, results can be also used as a basis for decision- making in develop-
ment projects. According to the eco-design paradox (Poudelet et al. 2012), choosing 
environmentally favorable options in the early stages of product development can help 
to reduce environmental impacts but is forgone mostly due to lack of data. There is, 
however, a lack of empirical support for this claim (Baumann et al. 2002).

There are two main approaches for incorporating LCA tools and methods into 
product design. The first incorporates LCA into green product development by 
focusing on material selection. This is part of a top-down approach that combines 
environmental properties with technological feasibility, recyclability, work condi-
tions, and cost assessment (e.g., Fleischer and Schmidt 1997). A lack of information 
at the initial design stages could potentially be resolved by funneling processes that 
consider mass fractions and toxicity or other properties that are potentially harmful 
for the environment (Tischner et al. 2000). These require substantial expertise 
regarding different material properties. The second approach seeks to incorporate 
green options into product design while acknowledging time and other resource 
constraints. To this end, Luttropp and Lagerstedt (2006) suggest forgoing cumber-
some quantitative assessments and instead argue for the use of qualitative rules 
which translate results from prior assessments into eco-design principles.

However, eco-design tools and life cycle thinking are not fully implemented in 
industry. This is mainly due to the time, expertise, and volume of data required for 
conducting LCA and interpreting results. Moreover, the design process is iterative 
and dynamic, whereas practitioners tend to see LCA as a static and retrospective 
means to assess environmental impacts (Poudelet et al. 2012). In other words, life 
cycle thinking is not fully integrated at the design stage of product development. 
One reason for this is that LCA-based eco-design tools do not meet designers’ 
expectations as they tend to highlight key issues in terms of the main aspects of 
products and product systems that contribute to environmental degradation, but fail 
to help designers resolve them (Birch et al. 2012).

Other researchers address this by focusing on the organization and argue that 
environmental specialists should be included in product development networks in 
order to supply the competences required to support “green subprojects” (Johansson 
and Magnusson 2006). However, subprojects can lead to confusion about the respon-
sibility for environmental performance and contradict the idea that sustainability 
should be integrated as a core principle of product development (Silva et al. 2013).

4.4  The ECORE Framework

In this section, we aim to create synergies between eco-innovation, QM, and LCA 
by outlining a set of principles and practices (Dean and Bowen 1994) that form the 
basis for our proposed framework. The proposed framework “ECORE” aims to 
make environmental sustainability a core principle of product development that 
supports eco-innovation.
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QM includes a set of well-established toolboxes that focus on identifying and 
satisfying customer needs. One of the main challenges is to broaden this focus to 
include a wider range of stakeholders in order to make sustainability a core eco- 
design principle. Research on eco-innovation identifies a need for tools for eco- 
design and for evaluating environmental impacts. LCA represents a potential 
solution for environmental assessment, but its application is limited because of time 
and other resource constraints.

Our framework focuses on stakeholder interaction as a means to resolve these 
issues. From a QM perspective, this serves to broaden the concept of customer from 
end users or buyers to diverse stakeholders. The eco-innovation and LCA literatures 
identify a range of stakeholders that are useful for both the creation of eco- 
innovations and their environmental sustainability. Life cycle thinking, for instance, 
requires innovators to consider the environmental impacts of eco-innovation from 
cradle to grave. This means that eco-innovations must be assessed in terms of the 
environmental impacts of materials, energy sources, emissions, and waste, for 
instance, that are produced and consumed during the manufacturing, distribution, 
and disposal phases of products’ life cycles. Considering product life cycles is not 
only important for the assessment of eco-innovations but can also provide useful 
inputs to the design process. Collaborations with stakeholders responsible for waste 
management, for instance, can help to identify secondary uses for waste at the end 
of the (first) use phase, effectively prolonging the life cycle.

By referring to these actors as stakeholders, we reiterate the traditional definition 
of the term as “any group or individual who can affect or be affected by the achieve-
ment of an organization’s objectives” (Freeman 1984). Our framework seeks to 
regard stakeholders not only as “affected actors” – they can provide useful inputs 
for eco-innovation at the design stage. In the next section, we outline a set of key 
principles that can encourage fruitful stakeholder interaction.

4.4.1  Key Principles

Our proposed framework is based on three key principles (Fig. 4.1). While eco- 
innovation is commonly driven by policy and customer demands, the literature on 
innovation networks shows that collaborations with key suppliers, competitors, and 
science partners (universities, research institutes, etc.) within forums such as industry 
associations can provide useful inputs and resources to the innovative process such as 
key competences and skills. A first key principle is that companies should aim to col-
laborate with diverse stakeholders in order to generate ideas for eco- innovation. 
Stakeholder collaborations are however limited by various factors, including company 
size and location, time constraints, lack of networking competences, and individuals’ 
social networks. This key principle can thus be modified such that it is restated as an 
aim, whereby practitioners seek to develop stakeholder collaborations over time.

Our second key principle is that life cycle thinking should form the basis for 
developing and assessing eco-innovations. LCA is thus restated as a useful compo-
nent of the design process. We propose that practitioners perform simplified LCA to 
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assess ideas and as a means to compare proposed eco-innovations with functional 
alternatives. By this, we mean that an innovation such as email should be evaluated 
in terms of any functional equivalent (a traditional postal service, text messaging, or 
shared documenting using a Web-based service) in terms of physical and material 
flows. A crucial point at that stage is the definition of functional requirements, 
which also supports decisions about which options are equivalent and which other 
products or services could provide them as a means to stimulate new ideas. 
Performing LCA in this way can also help to reduce environmental impacts at the 
design stage by providing environmental information regarding, for example, dif-
ferent materials or production techniques. Ideas can thus be continually refined and 
improved. Again the comprehensiveness of the assessment is limited here by time 
constraints, lack of detailed information, etc.

A third key principle is that a focus on stakeholders’ needs, and translation of those 
into eco-innovation characteristics, must be maintained throughout the design pro-
cess. In order to operationalize eco-innovations, it is important to assess and ascribe 
value to different stakeholders’ needs and demands as a means to select an appropriate 
course of action. A final key principle is that this is a continuous process that is aligned 
with the QM notion of continuous improvements (Dean and Bowen 1994). This notion 
is also applied in environmental management (Burström von Malmborg 2002). Eco-
innovations can be continually refined and improved as new ideas are generated, 
assessed, and evaluated based on the key principles outlined above.

4.4.2  Key Practices

In this section, we propose a set of key practices that assist in operationalizing the 
principles described below (see Fig. 4.2). The overall aim is to make continuous 
environmental improvements to products and processes.

Fig. 4.1 Key principles of the ECORE framework
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4.4.2.1  Identify Key Stakeholders

The first key practice is to identify key stakeholders that can affect or be affected by 
existing or proposed eco-innovations. This practice is based on three guiding ques-
tions: who is affected, who can contribute and what is their influence? These ques-
tions are intended to assist in identifying key stakeholder groups and whether they 
support or oppose the eco-innovation. They also assist in evaluating the stake-
holders’ influence or salience in terms of the types of resources they control (such 
as social or political legitimacy, finance, knowledge and competences, etc.). 
Furthermore, stakeholders’ influence can also be assessed throughout the product 
life cycle (raw material extraction and refinement, production and manufacturing, 
sales and distribution, use, and end of life). There are several tools and methods that 
may be of use for this key practice, including stakeholder mapping (Mitchell et al. 
1997) and social life cycle assessment (Benoît-Norris et al. 2011).

4.4.2.2  Evaluate Stakeholders’ Needs

This key practice evaluates stakeholders’ needs as regards an existing or proposed 
product or process. A guiding question is: what are stakeholders’ needs in terms of 
the overall functionality of the product or process? The aim is to examine the diverse 
range of stakeholder needs that must be met through eco-innovation. Note that 
some stakeholders may have similar needs, whereas others may have conflicting 
needs. Market research methods can be utilized for this practice (e.g., Griffin and 
Hauser 1993).

Fig. 4.2 Key practices for our proposed framework
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4.4.2.3  Map Needs in Terms of Products Characteristics

The aim of this key practice is to identify critical product characteristics that can 
satisfy stakeholders’ needs. There are two guiding questions, namely, how can stake-
holder needs be translated into functional specifications and which product charac-
teristics affect critical functional specifications? This can be performed quantitatively 
in order to provide concrete assessments that can be fed back into the development 
process. Tools that are suitable for this include the house of quality2 (Hauser and 
Clausing 1988; Akao and Mazur 2003) and Kano’s model (Kano et al. 1984).

4.4.2.4  Identify and Assess Alternatives Using Life Cycle Perspective

Having identified which product characteristics offer the greatest potential to meet 
stakeholder needs and expectations, this key practice identifies a range of functional 
alternatives based on environmental assessment. A guiding question for this prac-
tice is: which alternatives provide the greatest environmental improvement from a 
life cycle perspective? If, for instance, the aim is to reduce the amount of toxic 
materials in a given product, it is important to consider the range of less toxic alter-
natives in terms of their entire life cycles in order to minimize environmental bur-
dens. Tools that are suitable for the identification part of this practice include theory 
of inventive problem-solving (TRIZ) (Altshuller 1999) and simplified and stream-
lined LCA (Fleischer and Schmidt 1997; Graedel 1998).

4.4.2.5  Concept Selection and Further Developments

The environmental assessment in practice #4 helps to identify “hotspots,” which are 
aspects of the product life cycle with a high environmental impact. It also makes 
trade-offs between different types of impact more visible. This key practice focuses 
on feeding this information back into the development process such that informed 
decisions can be made regarding overall design characteristics and requirements for 
a given product or process. Two guiding questions for this practice are: how can 
environmental impacts be further reduced, and how can environmental criteria 
receive the right priority?

Pugh concept selection (Pugh 1991) and analytic hierarchy process (AHP) (Saaty 
1980) are suitable methods for assessing alternatives based on the information gen-
erated in previous steps. This approach allows for qualitative comparisons of the 
various alternatives based on numerous criteria, including environmental impacts.

At this stage, the design team may choose to develop a particular product or 
process. Alternatively, they may decide to restart the cycle in order to gather more 

2 The house of quality commonly maps needs on a scale of 1-3-9 in order to strongly discriminate 
weak, medium, and strong associations. This has been discussed by Ghiya et al. (1999) and further 
by Raharjo (2013).
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information that can further contribute to the innovative process, possibly following 
the rejection of a previous idea and the development of a new design based on the 
information generated in the steps above. It may be suitable to identify new stake-
holders that can act as innovation partners given their expertise in a particular tech-
nical area (e.g., materials science). Collaborations with stakeholders responsible for 
particular functions in a product life cycle (e.g., waste management) may also prove 
fruitful. For more radical eco-innovations, it may be beneficial to collaborate with 
partners that control key resources such as finance (e.g., venture capitalists), com-
petences (e.g., universities), and legitimacy (e.g., governments).

4.5  An Illustrative Example

In this section, we illustrate our proposed framework using an illustrative example. 
Here we focus on reducing the environmental impacts of carbonated beverage con-
tainers. We selected carbonated beverage containers because they are a relatively 
simple and well-known product. It is however possible to apply our framework to 
products that are more complicated than beverage containers. We focus specifically 
on ways to improve plastic bottles that are at present widely available in shops and 
supermarkets. While plastic bottles of this type are recyclable, their environmental 
impacts are by no means negligible. We thus apply our framework to identify ways 
of reducing the environmental impacts of carbonated beverage consumption.

We adopt the perspective of a beverage company and aim to introduce life cycle 
thinking as a means to both develop and assess alternatives to plastic bottles that 
have lower environmental impacts. By adopting the perspective of a single firm, we 
hope to make our example understandable to product developers. However, to 
incorporate life cycle thinking, it is important to consider the company as a single 
actor in the product life cycle and examine how relevant emissions relate to its own 
processes (Baumann et al. 2011).

Despite the apparent simplicity of a beverage container, a diverse range of actors 
is involved in the production, distribution, retail, and after-sales phases of its life 
cycle, or product system. It is thus necessary to consider the needs of these actors in 
any new development. This is especially the case if a new alternative is derived from 
an existing product system. We outline every step of our procedure in detail, but in 
order to illustrate the main features of our framework, we focus on a limited set of 
product features. Costs and expected revenues, for instance, are excluded from our 
description despite the fact that it is necessary to include such information in a real 
development project.

We start by defining the functional specifications of the product system to highlight 
properties that are key to fulfilling customer needs. Existing beverage containers typi-
cally consist of resealable plastic bottles that are used as portable, disposable flasks. 
We treat resealability as a key functional property. Plastic bottles also preserve car-
bonated beverages for at least 6 months. This implies that a container must not alter 
the taste or add pollutants to beverages, and carbonation levels must be maintained.
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By considering the life cycle impacts of plastic bottles, it is possible to fulfill 
these functional characteristics using alternatives. Plastic bottles are an oil-based 
product, and where fossil oil is used to produce bottles, this depletes natural 
resource stocks and results in greenhouse gas emissions. Carbonated beverages 
are typically bottled at centralized plants and then distributed to retailers. This 
further depletes oil stocks and contributes to global warming given the transport 
sector’s heavy reliance on fossil fuels. Following their disposal, plastic bottles can 
be recycled to allow plastics to be reused. While this is considered to be more 
environment friendly than landfill disposal, recycling is both energy and water 
intensive.

This list of environmental implications over a life cycle is not exhaustive, but it 
does illustrate some of the potential areas for improvement. As an illustrative exam-
ple, we treat disposable plastic bottles with screw caps as a baseline product system 
for comparison with a functional alternative. The alternative we propose consists of 
a beverage-dispensing machine located at sales points. The proposed alternative 
dispenses carbonated beverages into reusable containers that are either sold separ-
ately by retailers or purchased by customers via other channels. This means that the 
bottling process takes place at the sales point rather than at a centralized location, 
potentially reducing the environmental impacts in the distribution phase. Once the 
dispensing machine is installed, there is still a need to transport syrup and carbon 
dioxide cartridges to sales points where they are mixed with water as beverages are 
sold. For the sake of our argument, we assume that our functional alternative serves 
to reduce the total environmental impacts of beverage consumption. In practice, a 
simplified LCA can be performed to ascertain whether this is really the case. We 
now apply the ECORE framework in an iterative fashion to further develop and 
evaluate this idea.

4.5.1  Identify Key Stakeholders

In Sect. 4.4.2, we highlighted the importance of identifying key stakeholders in 
terms of who is affected, who can contribute, and what is their influence. Various 
stakeholders may influence or be affected by our functionally equal alternative 
means to sell and dispense carbonated beverages. Even for a relatively simple prod-
uct, it is necessary to expand to a product system that includes several actors and 
their contribution vis-à-vis the required functionality. A basic process layout 
(Fig. 4.3) serves several purposes: it can help to identify which processes diverge 
between the existing option and a new alternative, and it can also help to identify 
which actors are involved.

Figure 4.3 shows the aggregated production processes for our proposed alterna-
tive product system. Some components in the system such as refillable bottles and 
cartridges can be reused. Some processes are unaffected by our proposed change, 
such as syrup production and water treatment, whereas the filling process, bottle 
production and distribution undergo changes with several actors involved.
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Figure 4.3 shows that incorporating life cycle thinking means considering a rather 
complex process layout, even for relatively simple changes to existing product sys-
tems. However, a basic process layout serves at least two purposes. First, it can help 
to point out which processes diverge between the existing option and a new alterna-
tive. Second, Fig. 4.3 reveals some of the stakeholders that are key to implementing 
our proposed changes. A more exhaustive list of stakeholders that are either  interested 
or affected by our changes includes consumers, beverage companies, packaging pro-
ducers, bottle manufacturers, retailers, distributors, government authorities, waste 
managers, and environmental organizations. Some stakeholders could potentially 
contribute to the proposed innovation in terms of technological developments. 
Machine manufacturers, for instance, could assist in providing technical knowledge 
and inputs that assist in reducing the impacts of beverage dispensers.

Figure 4.4 maps stakeholders in terms of their power and interest. In what fol-
lows, we prioritize the four stakeholders that appear in to be more interested and 
powerful: customers, retailers, machine manufacturers, and beverage companies 
(Table 4.1).

We assume that consumers can strongly influence the success of our proposed 
alternative because they are key actors in the use phase. Despite the fact that the 
dispensing machine does not influence demand for carbonated beverages, it does 
imply changes to user behavior. Hence consumer willingness to adapt is key to 
their decision to purchase beverages in this manner. Consumers are also key to the 
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!
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!

Fig. 4.3 Process map for beverage with central filling
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end-of-life phase in that they must take responsibility to make reusable containers 
available for recycling when they eventually perish. Retailers are similarly impor-
tant in the use phase but for different reasons. Retailers must make space for 
beverage dispensers and take responsibility for cleaning and daily maintenance in 
the use phase. However, we assume that their influence is only medium since they 
are largely unaffected by the proposed change. Machine manufacturers are simi-
larly influential, with interests that relate to several life cycle phases. We assume 
that machine manufacturers will support the proposed alternative since it repre-
sents an innovation opportunity. However, interactions with machine manufactur-
ers could potentially reduce the environmental impacts of the product service 
system since they are responsible for material selection and design for disassem-
bly. By leasing machines to retailers, machine manufacturers can ensure that low-
impact materials are used and take responsibility for recycling key components in 
the end-of-life phase.

In contrast, we assume that beverage companies will strongly influence our 
proposed alternative. Dispensers are currently used in bars and restaurants, and 
most carbonated beverage companies are thus able to produce syrups for mixing at 

High

Retailers

Waste managers

Distributors

Packaging producers

Machine manufacturers

Beverage companies

Customers

Low

Low High

Power

Interest

Fig. 4.4 Stakeholder map for a product system based on decentralized beverage dispensing  
(This stakeholder map is for illustrative purposes only, i.e., it is based on authors’ estimations in 
order to exemplify the possible results of real-world stakeholder mapping. In practice, different 
methods can be used to map stakeholders’ power and interest such as surveys and focus group 
discussions. We anticipate that the application of such methods will vary depending on the type 
and scale of the project in question)

I. Gremyr et al.



69

Ta
bl

e 
4.

1 
St

ak
eh

ol
de

rs
’ i

nt
er

es
ts

 a
nd

 in
flu

en
ce

 a
t d

if
fe

re
nt

 s
ta

ge
s 

of
 th

e 
pr

od
uc

t l
if

e 
cy

cl
e

St
ak

eh
ol

de
r

R
aw

 m
at

er
ia

l
Pr

od
uc

tio
n

D
is

tr
ib

ut
io

n
U

se
E

nd
 o

f 
lif

e
Pr

io
ri

tie
s

N
or

m
al

iz
ed

 
pr

io
ri

tie
s 

(%
)

C
us

to
m

er
D

ec
is

io
n 

to
 b

uy
R

ec
yc

lin
g

St
ro

ng
 (

9)
37

.5
R

et
ai

le
r

Sp
ac

e,
 d

ai
ly

 
m

ai
nt

en
an

ce
M

ed
iu

m
 (

3)
12

.5

M
ac

hi
ne

  
m

an
uf

ac
tu

re
r

M
at

er
ia

l 
se

le
ct

io
n

D
es

ig
n 

fo
r 

di
sa

ss
em

bl
y

M
ac

hi
ne

 
m

ai
nt

en
an

ce
D

es
ig

n 
fo

r 
en

vi
ro

nm
en

t
M

ed
iu

m
 (

3)
12

.5

B
ev

er
ag

e 
co

m
pa

ny
Sy

ru
p

L
os

s 
of

 b
ra

nd
in

g
L

es
s 

lit
te

ri
ng

St
ro

ng
 (

9)
37

.5

4 A Framework for Developing and Assessing Eco-innovations



70

sales points. By promoting the use of reusable containers, our proposed alternative 
can also reduce littering, which represents an opportunity for eco-branding among 
beverage companies. However, the existing plastic bottle system represents a 
branding opportunity for beverage companies that may be lost if reusable contain-
ers without their company logos are used. For the sake of our argument, we assume 
that beverage companies are not in favor of our proposed alternative because of 
this branding loss.

In addition to mapping these stakeholder interests onto a power/influence grid as 
is commonplace of stakeholder analysis, we map them according to different stages 
of the product life cycle. By adding a life cycle perspective, we aim to display 
necessary interactions and causal relationships between different stakeholders. 
Feedback loops become visible and can be addressed, ideally together with involved 
stakeholders. An example is the use of secondary plastic material after a recycling 
process. Successfully closing a loop and saving virgin raw material is only possible 
if an upstream production process is capable of accommodating secondary material. 
This may depend on material properties like purity that can be influenced by the 
design of the recycling process. A timely consideration of stakeholders’ needs thus 
allows for a balanced product life cycle design. We also quantify stakeholders’ 
influence on a scale of “1-3-9” to denote “weak,” “medium,” and “strong,” respect-
ively. This method is adopted from the house of quality (Akao and Mazur 2003) and 
allows us to easily prioritize stakeholders whose needs must be further addressed in 
the next step. The normalized priorities, which are shown in the last column of 
Table 4.1, are derived using the formula:

 

w
w

w

i mi
norm i

i

m

i

= ∀ = …

=
∑

1

1 2, , , ,

 

where m denotes the number of stakeholders and wi denotes the assigned priority or 
weight of the ith stakeholder.

Note that normalized priorities are useful for the sake of practical interpretation 
of the priorities. The Delphi method (Okolo and Pawlowski 2004) or the analytic 
hierarchy process (AHP) can also be employed here (see Raharjo et al. (2008) for a 
more extensive example of using AHP in the house of quality).

4.5.2  Evaluate Stakeholders’ Needs

Having identified stakeholders’ influence, we proceed with identification of 
“hotspots” or “critical components” of the product system. This is because changes 
to critical components can influence the success of the proposed change. From a life 
cycle perspective, the critical components of this particular product system include 
the beverage container, dispenser machine, and logistics. Focusing on critical 
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components and prioritizing them in decisions facilitates the design of a product 
system that is accepted by prioritized stakeholders.

To keep our case simple, we focus on two critical components – the beverage 
container and the dispenser machine. In Table 4.2, three stakeholders’ needs are 
listed as regards each component. Each of those needs is then assessed in terms of 
the four most influential stakeholders. The relationship between a certain need and 
a certain stakeholder is quantified using the same scale as previously. Finally, the 
absolute importance (AI) is calculated based on the sum product of the relationship 
strength column and the need column using the following formula:

 
AI R w j n k pj
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m
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=
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where Rij
k is the relationship strength between the ith stakeholder and the jth need of 

the kth critical component. In this case, there are four stakeholders (m = 4), two crit-
ical components (p = 2), and three needs for each component (n = 3).

The relative importance (RI) of the absolute importance is computed by the fol-
lowing formula:
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Table 4.2 Assessing stakeholders’ needs for two critical components

Beverage container Dispenser machine

Stakeholder needs

Influence Portable
Avoid 
littering

Branding 
opportunity

Low 
mainte-
nance

Easy to 
operate

Machine 
recyclability

Consumers 37.5 % Strong Medium Weak Strong
Retailers 12.5 % Weak Strong Medium Medium
Machine 

producers
12.5 % Strong Strong

Beverage 
company

37.5 % Strong Strong Medium

Absolute 
importance

3.50 4.88 3.75 2.25 4.88 1.50

Relative 
importance

16.9 % 23.5 % 18.1 % 10.8 % 23.5 % 7.2 %

Summed 
relative 
importance

58.5 % 41.5 %
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Table 4.2 shows that the relative importance of the beverage container is higher 
than that of the dispenser machine (16.9 + 23.5 + 18.1 = 58.4 %). Hence we now 
focus on appeasing stakeholders’ needs vis-à-vis the beverage container.

Here we narrow our focus to the two most influential stakeholders as regards 
beverage containers – consumers and beverage companies. Table 4.2 reiterates that 
consumers and beverage companies are the two most influential stakeholders and 
that they each have the same level of importance. This is reflected in the influence 
column value in Table 4.3. Here we focus more specifically on the needs and inter-
ests of these two stakeholders as a means to further identify the key functional 
aspects of beverage containers that must be developed.

In Table 4.3, we consider as many functional requirements of beverage containers 
as possible in order to identify potential trade-offs. A similar process of assessing 
stakeholders’ needs is repeated here for the refined selection of functional require-
ments. Since new requirements have been added and others from the original selec-
tion have been excluded, the results are not exactly similar. The aim is to quantify the 
absolute and relative importance of each functional requirement. We  identify “avoid 
littering,” “branding opportunity,” and “portable” as the three most important needs.

4.5.3  Map Needs in Terms of Products Characteristics

In this step, the stakeholders’ needs that were identified in the step above are broken 
down into product characteristics. These are the properties that can be changed by 
product developers and are thus helpful in directing possible actions. Stakeholders’ 
needs are mapped into product components in terms of its required functional spe-
cifications. Five product characteristics are treated as key to the required function-
ality: material type, weight, shape, salvage value, and resealability. Similar steps as 
before were repeated, and the results are shown in Table 4.4.

Our analysis indicates that the two most important product characteristics of the 
containers are “material type” and “salvage value.” Subsequent efforts to develop 
beverage containers should take these factors into account. In other words, it has 
now become clear that the main focus of product development should be put on 
developing the material of the container while considering its salvage value if the 
alternative product is to be implemented.

4.5.4  Identify and Assess Alternatives Using  
Life Cycle Perspective

This step focuses on quantifying the environmental impacts of the proposed alterna-
tive product system (reusable bottles plus a drink dispenser) for comparison with 
the existing baseline product system (drinks sold in disposable plastic bottles). 
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To do this, we assume that a product system is defined which could serve as basis 
for calculating a life cycle inventory. From a stakeholder perspective, “material 
type” and “salvage value” were previously identified as the most important product 
characteristics. A lightweight recyclable material for bottles as part of a deposit 
system could thus be a suitable alternative. To illustrate the use of an LCA perspec-
tive, we further assume that decentralized dispenser systems are available and that 
they can be used to refill plastic bottles made from polyethylene terephthalate 
(PET). PET is used to manufacture the disposable bottles currently in circulation. 
However, for our proposed alternative, we assume that bottles contain more PET 
since they must be more durable and reusable. The bottle weight for the refillable 
bottles is thus assumed to be higher. We further assume that reusable bottles are 
rinsed at the dispenser before filling, and hence water, energy, and detergents must 
be considered in the calculation.

Refined process maps for the baseline and alternative system can be drawn using 
this information. Note that we focus on one alternative in order to illustrate our 
example. It is however possible to include other options. To create process maps, 
input and output flow data for the identified processes are collected to establish a 
life cycle inventory of resources and emissions. Since time constraints may be criti-
cal to product development, we suggest the use of generic data from databases like 
EcoInvent for widely used processes (e.g., transport and logistics or electricity). 
We also recommend focusing mainly on processes that diverge between the base-
line product system and our proposed alternative. Syrup production, for instance, is 
unaffected by the change and can probably be excluded. In contrast, bottle produc-
tion, reuse, and recycling must be considered. Since at this stage not all processes 
are fully defined, best- and worst-case scenarios can be created to identify most 
relevant characteristics from an environmental perspective. To simplify the envi-
ronmental assessment further, fuel and electricity consumption can be used as 
proxies instead of calculating a full LCA with several impact criteria. At this stage, 
it is important that the structure of the product system is maintained to identify 
where contributions to the overall environmental load are generated and which 
 possible trade-offs appear.

Table 4.4 Mapping needs into product’s characteristics

Need 
importance

Material 
type Weight Shape

Salvage 
value Resealability

Light weight 7.14 % Strong Strong Medium
Recyclable 7.14 % Strong Strong Weak
Portable 21.43 % Weak Strong Weak Strong
Transparent 7.14 % Strong
Durable 7.14 % Strong Medium
Branding 21.43 % Weak Strong Medium
Littering 28.57 % Strong
Absolute importance 3.00 2.57 2.36 3.43 2.64
Relative importance 21.43 % 18.37 % 16.84 % 24.49 % 18.88 %
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4.5.5  Concept Selection and Further Developments

In this step, we focus on utilizing the information generated in the previous steps as 
a stimulus to further product development. The environmental impacts that were 
calculated in the previous step provide an overview of “hotspots.” These are elem-
ents of product systems that contribute most to the overall environmental load. If, 
for instance, LCA shows that reusable bottles would result more emissions if not 
returned and refilled, then the suggested deposit system becomes a vital part. If a 
production process for the bottle material shows excessively high emissions of toxic 
substances, other materials can be considered. If a major flaw is detected at this 
stage for which no amendment is possible, a redirection of the development process 
is recommended which could reuse the lessons learnt from the first iteration.

The process of applying the framework does not stop here. An additional alter-
native can be taken into account and evaluated in similar ways. The proposed alter-
native can also be continuously improved by performing further iterations that serve 
to drive subsequent improvements. Furthermore, it is not necessary to complete a 
full iteration for every development project. Incremental changes, for example, can 
be developed without stakeholder involvement following only steps 3 to 5. A full 
iteration may however be beneficial for more radical eco-innovations where stake-
holder inclusion is essential to the legitimacy and success of the project in 
question.

Repeated iterations can also assist in establishing and further developing partner-
ships with stakeholders that contribute with resources that are key to innovation. For 
this particular example, it may be useful to develop competences in materials that 
can potentially reduce the environmental impacts of reusable bottles. This could be 
achieved by developing new materials, by refining existing materials, or by finding 
new uses for materials when bottles can no longer be reused. To develop compe-
tences in these areas, it may be useful to collaborate with different types of partners, 
including bottle manufacturers, experts in materials science, and waste managers. 
The types of partners vary between projects, but the key is to focus on the types of 
resources (technical, financial or otherwise) that can assist in further reducing 
 environmental impacts.

4.6  Concluding Remarks

Seeing sustainability as an opportunity rather than a constraint is key to its integration 
into daily engineering practices (Angell and Klassen 1999; Luttropp and Lagerstedt 
2006; Maxwell and Van der Vorst 2003). This chapter aims to promote sustainability 
by (1) exploring ways to stimulate interactions with stakeholders that can assist in 
developing eco-innovations, (2) exploring ways to reconfigure QM tools such that 
they support both incremental and radical eco-innovation, and (3) examining ways to 
measure and quantify the environmental impacts of eco- innovation. Practitioners noted 
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that a full iteration of our framework is needed for radical eco-innovations, but this is 
unnecessary for incremental eco-innovations where stakeholder preferences are already 
known. By promoting a flexible approach in applying our framework, we feel that it can 
support the development of both incremental and radical  eco-innovations. In other 
words, while radical eco- innovations may require that practitioners perform all of our 
proposed practices, only practices three to six, for instance, may be required for incre-
mental eco- innovations in cases where stakeholder needs are well understood.

Our proposed framework is novel in that it synthesizes ideas from three research 
fields to address existing research gaps within each of those fields. In addition to this 
conceptual novelty, we started to examine its practical utility and novelty by inviting 
practitioners to comment and provide feedback on our proposals. Generally, they 
felt that there is novelty in our approach, especially as regards the focus on inter-
action with stakeholders. Stakeholders, they argued, can both provide valuable 
information to product developers and ensure that radical eco-innovations are devel-
oped in an inclusive manner, thus providing a key source of legitimacy. Practitioners 
also confirmed our suspicions that LCA is typically a post hoc exercise and sup-
ported our idea that it should instead be an integral part of product development. 
Practitioners also welcomed the idea that sustainability be integrated via well- 
established tools such as QFD and Pugh concept selection.

Practitioners elaborated further by claiming that a broad and inclusive stakeholder 
approach is not essential for incremental innovations consisting of material substitu-
tions in engine subcomponents, for instance. Instead, they argued that engineers 
require access to readily available information regarding the environmental impacts 
of different materials in order to make informed decisions. Practitioners also argued 
that such information should be presented in a monetized form such that environ-
mental values are not “lost” among other criteria key to product development. 
Similarly, practitioners argued that although our framework works well in deriving a 
set of sustainability requirements that can boost eco-innovation, these criteria might 
not be prioritized as highly as other criteria such as cost requirements.

The main contribution of this chapter is a framework of practices, based on prin-
ciples from three competence areas: EI, LCA, and QM. The framework supports a 
continuous and iterative application of life cycle thinking and an integration of sus-
tainability considerations into the well-established QM toolbox. Existing QM prac-
tices are thus enhanced and used as an infrastructure for life cycle thinking and 
sustainability considerations. Our aim was to develop a framework that can assist in 
both developing and assessing eco-innovation in practical contexts. One limitation 
of our proposed framework is that it has not yet been subject to a comprehensive 
empirical evaluation. Further research is thus required to examine the utility of our 
approach. A second limitation is that our framework does not ensure that the most 
environmentally beneficial eco-innovations are selected for further development. 
By this, we mean that there is no guarantee that the environmental information gen-
erated via our framework will form the basis of decisions made in the concept selec-
tion stage, where other criteria related to cost and quality come into play. While our 
framework, with its stakeholder perspective, may assist in resolving this issue, 
future research must focus on how barriers to the development of eco-innovations in 
the concept selection stage can be overcome.
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    Abstract     The main objective of this chapter is to support an implementation of 
systematic eco-innovation and radical eco-innovation with analytical tools and 
 techniques of the Theory of Inventive Problem Solving (TRIZ) methodology. It also 
aims to increase opportunities for eco-innovative products and services while sim-
ultaneously enhancing the innovation capacity of organizations. 

 By applying the TRIZ techniques to the eco-innovation approach, competitive-
ness and innovation of a fi rm can be increased. Thereby, the development of clean 
production processes, waste recycling, and thus “environmentally friendly”  products 
and services is supported, allowing enterprises to “green” their business, product, 
and management methods. 

 A survey was conducted regarding application opportunities for the most import-
ant pillars of the TRIZ methodology in an eco-innovation environment. 

 Some opportunities for TRIZ were analyzed in the domain of systematic eco- 
innovation, since TRIZ is seen as a scientifi c basis of systematic innovation. 

 It is diffi cult to fi nd analytical tools that can truly provide support to radical 
innovation. TRIZ has successfully supported these activities; therefore, it was also 
proposed to extend this support to the activities of radical eco-innovation. 

 The study included the analysis of opportunities to use the most important TRIZ 
elements and techniques, namely, the levels of innovation, the contradictions, the 
analysis of resources and ideality, the scientifi c effects and databases, the inventive 
principles, and the contradiction matrix in environments of systematic and radical 
eco-innovation.  
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5.1         Introduction 

 The growing internationalization of enterprises requires the introduction of new 
technological innovation management practices with strong socio-environmental 
responsibility. All industrial programs must combine technological innovation with 
good practices, always based on environmental vision. The environmental impacts 
can have a strong infl uence on management practices in general and on innovation 
issues as well. 

 Eco-innovation implies innovation in products, processes, or business models 
that enables the company to achieve higher levels of environmental sustainability. 
Eco-innovation does not only demand the identifi cation, implementation, and moni-
toring of new ideas aimed at improving the environmental performance of the 
organization but must also have an impact on the overall level of competitiveness. 

 Enterprises need to invest in systematic eco-innovation if they plan to win or at 
least survive. Innovation can no longer be seen as the product of occasional inspir-
ation. It has to be transformed into a capacity, not a gift. Eco-innovation has to be 
learned and managed. Unexpected occurrences, inconsistencies, process require-
ments, changes in the market and industry, demographic change, and changes in 
perception or new knowledge can give rise to eco-innovation opportunities. 

 Systematic eco-innovation can be understood as a concept that includes the 
instruments necessary to develop the right inventions needed at that point in time 
and incorporate them into new products and processes. 

 Incremental eco-innovation is not always suffi cient to prevent environmental 
impact of economic activities; thus, more radical eco-innovation initiatives are 
needed. Radical eco-innovation presupposes a profound shift in the use of resources. 
More radical forms of eco-innovation can cause a sustainable transition to be diffi -
cult to deploy (Hellström  2007 ). 

 Radical solutions are very important, especially considering the long-term gains. 
Traditional engineering and management practices can become insuffi cient and 
ineffi cient for the implementation of new scientifi c principles or for vast improve-
ments of existing systems. 

 Organizations need innovation in the right dose and at the right moment. They 
need methodologies and analytical tools that can help implement radical changes 
and completely new techniques. The Theory of Inventive Problem Solving (TRIZ), 
brainstorming, collateral thinking, mind maps, and other methodologies can stimu-
late individual and collective creativity. 

 Also needed in order to become more competitive are new management para-
digms. The environmental sustainability is a very pertinent issue in industrial man-
agement. Eco-initiatives allied to innovation and innovative technologies can 
improve the sustainability of organizations through low emissions to the nature and 
recycling strategies for products. 

 Some authors dedicate their studies to the evaluation of compatibility between 
TRIZ techniques and eco-innovation with, for example, the use of a TRIZ contra-
diction matrix with the eco-compass principle (Jones  2003 ), a collection of 
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eco-innovation examples for all 40 TRIZ inventive principles (Chen  2003 ), or the 
elaboration of an eco-design guideline using the TRIZ Law of Evolution (   Russo and 
Regazzoni  2008 ). 

 This chapter focuses on the integration of the major TRIZ analytical tools with a 
radical and systematic eco-innovation. It is a different approach from previous lit-
erature, which focuses on specifi cities of systematic and radical eco-innovation.  

5.2     Theory of Inventive Problem Solving (TRIZ) 

 The Theory of Inventive Problem Solving, better known by its acronym (TRIZ), 
was developed by Genrich Altshuller in 1946 (Altshuller  1995 ). TRIZ is a theory 
that can assist any engineer in the inventing process. 

 The TRIZ methodology can be seen and used on several levels. At the highest 
level, the TRIZ can be seen as a science, as a philosophy, or as a way to be in life 
(a creative mode and a permanent search of continuous improvement). In more 
terms, the TRIZ can be seen as a set of analytical tools that assist both in the detec-
tion of contradictions on systems and in formulating and solving design problems 
through the elimination or mitigation of contradictions (Savransky  2000 ). 

 The TRIZ methodology is based on the following grounds:

•    Technical systems  
•   Levels of innovation  
•   Law of ideality  
•   Contradictions    

 Every system that performs a technical function is a technical system. Any techni-
cal system can contain one or more subsystems. The hierarchy of technical systems 
can be complex with many interactions. When a technical system produces harmful 
or inadequate effects, the system needs to be improved. Technical systems emerge, 
ripen to maturity, and die (they are replaced with new technical systems). TRIZ sys-
tematizes solutions that can be used for different technical fi elds and activities. 

 In TRIZ, the problems are divided into local and global problems (Altshuller 
 1995 ). The problem is considered to be local when it can be mitigated or eliminated 
by modifying a subsystem, keeping the remaining unchanged. The problem is clas-
sifi ed as global when it can be solved only by the development of a new system 
based on a different principle of operation. 

 Over the past decades, TRIZ has developed into a set of different practical tools 
that can be used collectively or individually for technical problem solving and fail-
ure analysis. 

 Generally, the TRIZ process is to defi ne a specifi c problem, formalize it, identify the 
contradictions, fi nd examples of how others have solved the contradiction or utilized 
the principles, and, fi nally, apply those general solutions to the particular problem. 

 Figure  5.1  shows the steps of the TRIZ process.
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   It is important to identify and to understand the contradiction that is causing the 
problem as soon as possible. TRIZ can help to identify contradictions and to formal-
ize problems to be solved. The identifi cation and the formalizing of problems is one 
of the most important and diffi cult tasks, with numerous impediments. The situation 
is often obscured. 

 The problem can be generalized by selecting one of the TRIZ tools. The generic 
solutions available within TRIZ can be of great benefi t when choosing corrective 
actions. 

 The integral development of TRIZ consists of a set of concepts (Radeka  2007 ):

•    Problem formulation system  
•   Physical and technical contradictions solving  
•   Concept of the ideal state of a design  
•   Analysis “substance fi eld”  
•   Algorithm of Inventive Problem Solving (ARIZ)    

 Altshuller built a contradiction matrix, classifying the contradictions as follows 
(Altshuller  1995 ):

•    Physical contradiction, which occurs when two mutually incompatible require-
ments refer to the same element of the system  

•   Technical contradiction, which occurs when the improvement of a particular attri-
bute or characteristic of the system causes the deterioration of another attribute    

 The fi rst step in the confl ict solving process is drawing up a statement of the 
problem in order to reveal the contradictions contained in the system. Then, the 
parameters that affect and improve system performance are identifi ed.  

5.3     TRIZ Levels of Innovation for the Evaluation of 
Systematic and Radical Eco-innovation Initiatives 

 There are different methods to assess the levels of eco-innovation. Different  methods 
take into account different aspects of eco-innovation initiatives. However, eco- 
innovation requires analysis on different levels; therefore, the evaluation systems 

  Fig. 5.1    Steps of the TRIZ’s 
algorithm for problem 
solving (Fey and Rivin  1997 )       
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must be organized accordingly. There is a need for approaches to capture complexi-
ties of a multilevel eco-innovation analysis. 

 The measurement of innovation is necessary; it contributes to the establishment 
of longer-term policies for eco-innovation. 

 Altshuller’s analysis of a large number of patents reveals that the inventive value 
of different inventions is not equal. Altshuller systematized the solutions described 
in patent applications by dividing them into fi ve levels (Altshuller  2001 ):

•    Level 1: routine solutions using methods well known in their area of specialty. 
Level 1 is not highly innovative. This category constitutes about 30 % of the 
total.  

•   Level 2: small corrections in existing systems using methods known in the indus-
try. This level makes up approximately 45 % of the total.  

•   Level 3: major improvements that solve contradictions in typical systems of a 
particular branch of industry. About 20 % of the total are on this level, which is 
where creative design solutions appear.  

•   Level 4: solutions based on the application of new scientifi c principles. They 
solve the problem by replacing the original technology with new technology. 
Nearly 4 % of the total are classifi ed to be on this level.  

•   Level 5: innovative solutions based on scientifi c discoveries not previously 
explored. This level consists of less than 1 % of the total.    

 The fi ve-level TRIZ classifi cation can be used for analysis of eco-innovation 
 initiatives. The same problem can be solved by solutions with different levels of 
innovation. The fi ve-level classifi cation can be applied for the evaluation of innova-
tion level of different eco-innovation solutions, and it can be used during the devel-
opment process of new proposals. 

 The development of a new solution can follow different procedures:

•    Conventional improvement of existing system (levels 1 and 2)  
•   New forms but with existing principles of operation (levels 2 and 3)  
•   Creation of new system generation with new principles of operation (levels 4 and 5)    

 The creative solutions classifi ed in levels 4 and 5 (and especially the solutions at 
level 5) can be considered radical. 

 For example, the need to reduce fuel consumption in automobiles has led manu-
facturers of engines and vehicles to introduce several new features and modifi ca-
tions. They do not possess the same level of innovation. The level of creativity can 
be determined according to the following scale that is adapting the TRIZ fi ve levels 
of innovation:

   Level 1 (compromising design) – travel with the windows rolled up because the 
aerodynamic performance improves and fuel consumption is lower.  

  Level 2 (resolving the technical contradiction) – install a speed limitation device, 
since the increase in speed increases the fuel consumption.  

  Level 3 (resolving the physical contradiction) – reconsider the design of the gear-
box, as a good steady speed can help spend less fuel.  
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  Level 4 (new technology) – change from traditional gasoline to LPG.  
  Level 5 (new phenomena) – rather than traditional internal combustion engines, 

switch to using electric or hybrid vehicles.    

 The fi ve levels of innovation also can be useful for the prognosis of evolution of 
a specifi c system (Kraev  2006 ). 

 One could observe, for example, the evolution of diapers for babies. Earlier 
 diapers were made of cloth and later evolved to disposable diapers. The evolution of 
disposable diapers is related to several criteria such as being healthier, more com-
fortable, cleaner, and more economical. In the future, the diapers must continue to 
evolve in order to be made of breathable, chemical-free, and biodegradable mater-
ials as well as being soft for skin contact and super absorbent.  

5.4     Technical and Physical Contradictions 
and Eco-innovation 

 Technical and physical contradictions constitute one of the most important terms of 
the TRIZ vocabulary. 

 The TRIZ Axiom of Evolution reveals that, during the evolution of a technical 
system, improvement of any part of that system can lead to confl ict with another part. 

 A system confl ict or contradiction occurs when the improvement of certain attri-
butes results in the deterioration of others. The typical confl icts are reliability/com-
plexity, productivity/precision, strength/ductility, etc. A technical problem is defi ned 
by contradictions. 

 The traditional way of contradiction solving is through the search of possible 
compromise between contradicting factors, whereas TRIZ aims to remove contra-
dictions and compromises. The inconsistencies are eliminated by modifi cation of 
the entire system or by modifi cation of one or more subsystems. 

 A traditional approach is based on trade-offs through preferable combinations of 
characteristics in confl ict. TRIZ aspires to solve the contradictions by modifi cation 
of systems to avoid deterioration of any characteristic in case of improvement of 
other characteristics. 

 Altshuller distinguished three types of contradictions (Altshuller  1986 ):

    1.    Administrative contradiction – contradiction between the needs and abilities   
   2.    Technical contradiction – the classical engineering “trade-off,” an inverse 

dependence between parameters/characteristics of a machine or technology   
   3.    Physical or inherent contradiction – opposite/contradictory physical require-

ments of an object    

  An identifi cation and analysis of contradictions should be included in any pro-
cess of TRIZ inventive solving of problems. When a contradiction is identifi ed, it 
becomes easier to fi nd creative and effective solutions for the problem. A contradic-
tion does not solve a problem, but it gives direction for a solution. 
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 We can now use two ways of problem solution. One way is to resolve all 
 contradictions by applying one of the appropriate TRIZ analytical tools for solving 
technical contradictions (e.g., 40 inventive principles, contradiction matrix, or 
 others). The other way is to transform the technical contradictions into physical 
contradictions resolving all contradictions at the physical level (e.g., with databases 
of physical phenomena and effects). 

 All technical contradictions can be transformed into a corresponding physical 
contradiction. 

 Any physical contradiction can be resolved using one of the four principles 
(principles of physical contradiction solving):

•    Separation of contradictory characteristics in time  
•   Separation of contradictory properties in space  
•   System transformation  
•   Phase transformation (physical and/or chemical transformation of substances)    

 Eco-innovative initiatives can contain some technical contradictions, such as the 
following:

•    The goal of building vehicles that use less fuel confl icts with the engine power 
(lower horsepower).  

•   The goal of building vehicles that use less fuel confl icts with acceleration.  
•   The usage of electric vehicles as an alternative to internal combustion engines, 

but the distances between recharging are much smaller in electric vehicles.  
•   Heavier batteries needed as the distance range of the electric vehicle 

increases.     

5.5     TRIZ Resource Analysis in an Eco-innovation 
Environment 

 The identifi cation of available resources around a problem and the maximization of 
their use are important for fi nding cost-effective and environmentally friendly 
 solutions. TRIZ demands that the analysis of resources take into account the nega-
tive as well as the positive resources in a system (Mann  2000 ). 

 The improvements must continue until the resources are fully utilized. 
 Resources can be grouped according to the following (Savransky  2000 ):

    1.    Natural or environmental resources   
   2.    System resources   
   3.    Functional resources   
   4.    Substance resources   
   5.    Energy and fi eld resources   
   6.    Time resources   
   7.    Space resources   
   8.    Information resources    
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  Altshuller also grouped resources in the following categories:

    1.    Based on accessibility

    (a)    Internal (limited to the main elements of the system)   
   (b)    External, including resources from the general environment and those which 

are specifi c for the given system   
   (c)    Resources from the supersystem or other accessible, inexpensive resources 

(including waste)       

   2.    Based on readiness for utilization

    (a)    Readily available resources   
   (b)    Derived (modifi ed readily available resources)         

 The key for sustainability is resources productivity. 
 TRIZ analysis of resources can be useful in eco-innovation initiatives related to 

more effi cient and responsible usage of resources, including energy use. 
 The gains in resource effi ciency generally result from process improvements. 

Thus, sporadic initiatives of eco-innovation must evolve to the continuously planned 
and scheduled activities; the eco-innovation must become systematic. 

 The traditional incremental improvement of existing technologies is no longer 
suffi cient. All economic activities need to radically increase the effi ciency of 
resource utilization. 

 The application of the TRIZ analytical tools and techniques can be especially 
useful for the radical eco-innovation both in the generation of innovative and revo-
lutionary solutions as well as in the resource analysis and forecast. 

 The resources can be used to solve problems according to the following workfl ow:

    1.    Formulate the problem.   
   2.    Build the list of resources in the following order: internal, external, by-products, 

and complex resources.   
   3.    Defi ne what kind of resources is needed to solve the problem.   
   4.    Estimate each of the existing resources and the effects of its use.   
   5.    Propose how to use the resource.     

 For example, consider the following problem: it is necessary to increase the effi -
ciency of a fi replace without any interior reconstruction (Kraev  2007 ). The list of 
resources is as follows: fi rewall brick, fi re, hot-air conductivity system, fuel, 
 convection air fl ow, ambient chilly air, atmospheric pressure, gravitational fi eld, and 
geomagnetic fi eld. It is necessary to increase the heat transport capacity. 

 The convection air current linked to the system and convection heat transfer are 
both useful, free resources that we can try to use. 

 Solution: It is known that the fi replace heats the air in the room by convection 
heat transfer. In fact, the air in the room will be heated considerably by placing a 
metal sheet with small air gaps on the front edges of the fi replace. In this way the air 
will heat much more quickly in the narrow space between the fi replace and the 
metal sheet. Hot air will come out of the top, while cold air will come out from the 
bottom of the metal sheet (Kraev  2007 ).  
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5.6     System Ideality for Radical and Systematic 
Eco-innovation 

 The law of ideality states that any technical system tends to reduce costs, energy 
wastes, and space and dimensional requirements as well as become more effective, 
more reliable, and simpler. Any technical system, during its lifetime, tends to 
become more ideal. 

 We can evaluate an inventive level of a technical system by its degree of ideality. 
 The ideality can be calculated as the ratio of a system’s useful functions to its 

harmful functions with the formula:

  
Ideality useful functions harm unctions cost= +( )/ ful f

  
 ( 5.1 ) 

   

  Useful functions include the following:

•    Primary useful functions – the purpose for which the system was designed  
•   Secondary functions – other useful outputs  
•   Auxiliary functions – functions that support the primary useful functions, such as 

corrective functions, control functions, housing functions, transport functions, etc.    

 Harmful functions include all harmful factors associated to the system (e.g., costs, 
area that it occupies, emission of noises, expended energy, resources needed for 
system maintenance, etc.). 

 The level of ideality increases with the increase of useful functions and reduces 
with the increase of harmful functions. 

 There are three ways to increase an ideality of a technical system:

•    Increasing the useful functions  
•   Reducing any harmful or expensive function  
•   A combination of the fi rst two paths    

 According to the TRIZ methodology, an ideal system does not exist. An absolute 
ideality is impossible to achieve, but other relative levels of ideality are achievable. 
A real system can approximate to the ideal system by increasing the useful functions 
and eliminating the harmful functions through contradiction solving, more effi cient 
use of resources, and the reduction of system complexity and number of components. 

 The ideality can be used both to improve existing systems and also for the cre-
ation of new technologies or new systems to fulfi ll specifi c functions. 

 The concept of increasing the degree of ideality is crucial for predicting the evo-
lution of the system. 

 There are several concepts derived from the same concept of ideality, such as 
ideal fi nal result, ideal fi nal goal, ideal solution, ideal product, ideal process, etc. 

 Ideal fi nal result (IFR) is the ultimate idealistic solution of a problem when the 
desired result is achieved by itself. 

 Systematic eco-innovation can be supported by TRIZ ideality, whereas the 
planned and continuous improvement can be made in terms of increasing the level 
of ideality of a given system. 
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 The initiatives of a radical eco-innovation can be seen as actions aimed at dramatically 
increasing the level of ideality. The ideal fi nal result can be very useful, especially 
for a radical eco-innovation. 

 For example, consider the case study focused on increasing the energy effi ciency 
of a camping stove. 

 The customer requirements were collected, pooled, and prepared by an affi nity 
diagram, yielding the following list:

•    Volume  
•   Weight  
•   Firing time  
•   Noise level  
•   Time required to boil water  
•   Tank capacity  
•   Burning time at maximum fl ame  
•   Boiled water per unit of gas    

 Table  5.1  contains the matrix of ideality built for the camping stove.
   The ideality matrix helps identify the interactions between the technical require-

ments and distinguish the positive and negative effects of iterations. For example, 
weight reduction can lead to reduction in volume but may lead to reduction of the 
tank capacity. 

 The ideality matrix (Table  5.1 ) contains 11 positive (useful) and 19 negative 
(harmful) interactions. In this case, the level of ideality is

  I = »11 /19 0.579    

  Based on this analysis, measures can then be established to increase the level of 
ideality by increasing the useful functions, reducing any harmful or expensive func-
tion, or by combination of the fi rst two paths.  

    Table 5.1    Ideality    matrix for the camping stove (Navas  2013 )   

 Parameter  1.  2.  3.  4.  5.  6.  7.  8. 

 1. Volume  +  −  −  − 
 2. Weight  +  −  −  − 
 3. Firing time  + 
 4. Noise level 
 5. Time required to boil water  −  −  +  −  + 
 6. Tank capacity  −  −  +  +  +  + 
 7. Burning time at maximum fl ame  −  −  −  −  − 
 8. Boiled water per unit of gas  −  −  +  +  − 

  − Harmful iteration 

 + Useful iteration  
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5.7     Scientifi c Effects and the Application of Databases 
for Eco-innovation Problem Solving 

 TRIZ includes a database of scientifi c effects structured according to technological 
functions. According to TRIZ, the scientifi c effects are one of the principles for 
contradiction solving by transformation of an action or fi eld to another with the 
application of physical, chemical, biological, geometric, or another phenomena. 

 Currently, there are over 8,000 known effects and different phenomena, and 400–
500 of them are most applicable in the practice of engineering activity. 

 Special tables and descriptions of scientifi c phenomena exist, which give us the 
opportunity to defi ne the required effect of an output action or function that should 
be performed according to the identifi ed problem. Also, there are special software 
with databases of scientifi c and engineering phenomena. These programs allow 
effective selection based on the desired function. Some software provides access to 
more than 4,500 engineering and scientifi c effects, theorems, laws, and phenomena. 

 The use of scientifi c effects and phenomena helps to develop solutions at the 
highest level of innovation. Scientifi c effects can be used to solve problems outside 
the fi eld where the original problem was found. 

 The databases of scientifi c effects can help all initiatives of eco-innovation, espe-
cially radical eco-innovation dispelling the fear of using new techniques but also 
avoiding repetition of wrong solutions. 

 For example, consider a study conducted in a plant that traditionally used toxic 
organic solvents. The main objective of the study was the elimination or drastic reduc-
tion of use of toxic solvents. The query databases helped tremendously in terms of 
both fi ltering solutions deemed to be inappropriate or potentially dangerous and also 
providing many ideas and suggestions for possible solutions. Solutions with lower 
levels of innovation (the toxic solvents replaced by less toxic solvents) were consid-
ered, and ideas for a radical change in the whole technological process of the company 
(total removing of the toxic solvents from the technological process) were analyzed.  

5.8     Application of the Inventive Principles and Matrix 
of Contradictions 

 Altshuller ( 2001 ) found that, despite the great technological diversity, there are only 
1,250 typical system confl icts. He also identifi ed 39 engineering parameters or 
product attributes that engineers usually try to improve. 

 Table  5.2  presents the list of these parameters.
   All 1,250 confl icts can be solved through the application of only 40 principles of 

invention (Altshuller  2001 ), often called Techniques for Overcoming System 
Confl icts, which are shown in Table  5.3 .
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   However, most of the principles of invention in Table  5.3  have a specifi c techni-
cal meaning introduced by Altshuller. For example, the principle of local quality 
involves (Terninko et al.  1998 ):

•    Transitioning from a homogeneous structure of an object or outside environ-
ment/action to a heterogeneous structure  

   Table 5.2    Engineering 
parameters according to 
TRIZ (Altshuller  2001 )  

 No  Engineering parameter 

 1  Weight of moving object 
 2  Weight of nonmoving object 
 3  Length of moving object 
 4  Length of nonmoving object 
 5  Area of moving object 
 6  Area of nonmoving object 
 7  Volume of moving object 
 8  Volume of nonmoving object 
 9  Speed 
 10  Force 
 11  Tension, pressure 
 12  Shape 
 13  Stability of object 
 14  Strength 
 15  Durability of moving object 
 16  Durability of nonmoving object 
 17  Temperature 
 18  Brightness 
 19  Energy spent by moving object 
 20  Energy spent by nonmoving object 
 21  Power 
 22  Waste of energy 
 23  Waste of substance 
 24  Loss of information 
 25  Waste of time 
 26  Amount of substance 
 27  Reliability 
 28  Accuracy of measurement 
 29  Accuracy of manufacturing 
 30  Harmful factors acting on object 
 31  Harmful side effects 
 32  Manufacturability 
 33  Convenience of use 
 34  Repairability 
 35  Adaptability 
 36  Complexity of device 
 37  Complexity of control 
 38  Level of automation 
 39  Productivity 
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•   Having different parts of the object carry out different functions  
•   Placing each part of the object under conditions most favorable for its operation    

 The inventive principles are simple analytical tools to solve technical contradic-
tions and fi nally resolve the problem. 

     Table 5.3    Inventive 
principles of TRIZ   

 No  Inventive principle 

 1  Segmentation 
 2  Extraction 
 3  Local quality 
 4  Asymmetry 
 5  Combining 
 6  Universality 
 7  Nesting 
 8  Counterweight 
 9  Prior counteraction 
 10  Prior action 
 11  Cushion in advance 
 12  Equipotentiality 
 13  Inversion 
 14  Spheroidality 
 15  Dynamicity 
 16  Partial or overdone action 
 17  Moving to a new dimension 
 18  Mechanical vibration 
 19  Periodic action 
 20  Continuity of a useful action 
 21  Rushing through 
 22  Convert harm into benefi t 
 23  Feedback 
 24  Mediator 
 25  Self-service 
 26  Copying 
 27  Exchange of expensive durable object by 

inexpensive short-lived object 
 28  Replacement of a mechanical system 
 29  Pneumatic or hydraulic construction 
 30  Flexible membranes or thin fi lm 
 31  Use of porous material 
 32  Changing the color 
 33  Homogeneity 
 34  Rejecting and regenerating parts 
 35  Transformation of the physical and chemical states 

of an object 
 36  Phase transformation 
 37  Thermal expansion 
 38  Use of strong oxidizers 
 39  Inert environment 
 40  Composite materials 
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 In practical activities, various methods are used to apply the 40 principles in the 
process of problem solving. The simplest method is to examine each contradiction 
and try to apply the principles of each of them or their combinations to solve the 
contradiction technique on the specifi c problem. Another method is the develop-
ment of a technical contradiction and use of the contradiction matrix in order to 
determine the set of recommended principles to solve the problem (usually between 
two and four principles). 

 Altshuller built a contradiction matrix. The rows of the table of contradictions 
are populated with parameters whose adjustment improves the behavior of the 
 system, and these intersect with the columns with parameters whose adjustment 
produces unwanted results. At the intersection are the numbers of invention princi-
ples that are suggested as being capable of solving the contradiction. 

 In the contradiction matrix, the rows and columns refer to Table  5.2 . The num-
bers in the cells refer to Table  5.3 . 

 For example, if the goal of a study is the reduction of fuel consumption of a vehicle, 
the modifi cation can have a negative effect on the acceleration, speed, and power. 

 Table  5.4  contains the extract of the matrix of contradictions built into the case.
   The confl ict between the characteristics 19 and 9 can be solved by applying the 

principles of the invention 8 (counterweight) and 35 (transformation of the physical 
and chemical states of an object). The confl ict between the characteristics 19 and 21 
can be solved using the principles 6 (universality), 19 (periodic action), 37 (thermal 
expansion), and 18 (mechanical vibration).  

5.9     Conclusions 

 The constant need for change is a current issue in industrial activities. Although 
organizations place priority on meeting their own objectives, ecological aspects 
must also be considered. Organizations need powerful and highly effi cient analyti-
cal tools related to innovation and creativity. One of the most important factors for 
the success of industrial activities is the generation of ideas and innovation. The 
lack of creativity can lead to the failure of objectives. Creativity is crucial for 
competitiveness. 

 Some authors have tried to fi nd common ground among some of the TRIZ tech-
niques and eco-innovation. The novelty of this study is to survey the applicability of 
the key pillars of TRIZ to eco-innovation, especially systematic eco-innovation and 
radical eco-innovation. 

   Table 5.4    Fragment of Altshuller’s matrix of contradictions   

 Characteristic 

 Worsening characteristic 

 9 speed  21 power 

 Characteristic to be improved  19 energy spent by a moving object  8, 35  6, 19 
 37, 18 
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 The TRIZ methodology, with its strong theme of radical and systematic innova-
tion, can contribute to accelerating the resolution of problems in the eco- innovation 
activities. The TRIZ analytical tools would be very useful for schematization of 
eco-innovation tasks, system analysis, identifi cation, and formalization of contra-
dictions and problematical situations and their solving processes. 

 TRIZ is a methodology especially suited for supporting the development of rad-
ical solutions where traditional techniques usually do not yield positive results. 

 Moreover, TRIZ is considered the scientifi c basis of systematic innovation. Thus, 
the extension of TRIZ for systematic eco-innovation and radical eco-innovation 
seems to be a logical step of evolution.     

  Acknowledgments   The present author would like to thank the Faculty of Science and Technology 
of the New University of Lisbon (UNL) and the Portuguese Foundation for Science and Technology 
(FCT) through the Strategic Project no. PEst-OE/EME/UI0667/2011. Their support helps make 
our research work possible.  

   References 

    Altshuller GS (1986) To fi nd an idea. Nauka, Novosibirsk (in Russian)  
         Altshuller GS (1995) Creativity as an exact science: the theory of the solution of inventive problems. 

Gordon and Breach Publishers, New York  
       Altshuller GS (2001) 40 principles: TRIZ keys to technical innovation. Technical Innovation 

Center, Worcester  
      Chen JL (2003) Eco-innovative examples for 40 TRIZ inventive principles. The TRIZ Journal, 

August  
    Fey VR, Rivin EI (1997) The science of innovation: a managerial overview of the TRIZ methodology. 

TRIZ Group, Southfi eld  
   Hellström T (2007) Dimensions of environmentally sustainable innovation: the structure of 

eco- innovation concepts. Sust Dev. Wiley InterScience 15:148–159  
   Jones E (2003) Eco-innovation: tools to facilitate early-stage workshop. Ph.D. thesis, Brunel 

University  
   Kraev V (2006) Kraev’s Korner: levels of innovations. The TRIZ Journal, November  
    Kraev V (2007) Kraev’s Korner: resource analysis. The TRIZ Journal, January  
   Mann DL (2000) The four pillars of TRIZ, invited paper at engineering design conference, 

Brunel, June  
      Navas HVG (2013) TRIZ: design problem solving with systematic innovation. In: Denis AC (ed) 

Advances in industrial design engineering. Rijeka, Croatia, InTech, pp 75–97. doi:  10.5772/
55979      

      Radeka K (2007) TRIZ for lean innovation: increase your ability to leverage innovation across the 
enterprise and beyond. Whittier Consulting Group, Inc. Camas, WA  

   Russo D, Regazzoni D (2008) TRIZ law of evolution as eco-innovative method. In: Proceedings of 
IDMME – virtual concept 2008, Beijing, China, 8–10 October  

     Savransky SD (2000) Engineering of creativity: introduction to TRIZ methodology of inventive 
problem solving. CRC Press, Boca Raton  

    Terninko J, Zusman A, Zlotin B (1998) Systematic innovation: an introduction to TRIZ (theory of 
inventing problem solving). St. Lucie Press, Boca Raton    

5 Radical and Systematic Eco-innovation with TRIZ Methodology

http://dx.doi.org/10.5772/55979
http://dx.doi.org/10.5772/55979


   Part II 
   Application: Surveys and Case Studies on 

Eco-innovation Deployment        



99S. Azevedo et al. (eds.), Eco-Innovation and the Development of Business Models, 
Greening of Industry Networks Studies 2, DOI 10.1007/978-3-319-05077-5_6,
© Springer International Publishing Switzerland 2014

    Abstract     New products and new services appear when the companies introduce 
eco-innovations, as well as new markets, “greener” products, and “cleaner” processes. 
In this context, it is recognized that the deployment of eco-innovation’s processes by 
companies represents a decisive factor for the competitiveness of companies all 
over the world. Therefore, the present study aims to analyze the infl uence of the 
introduction of eco-innovation practices by the Portuguese manufacturing compa-
nies on their propensity to innovation. Simultaneously, the contribution of internal 
and external factors for the eco-innovation behavior of the Portuguese manufacturing 
industry is analyzed. For this purpose, a quantitative research is developed using a 
survey based on the most innovative companies. It is possible to conclude that 
the introduction of both environmental benefi ts inward the companies and the after-
sales has infl uenced on the innovative capacity of the Portuguese manufacturing 
industry. Furthermore, some external and internal factors stimulate the introduction 
of eco-innovations.  
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6.1         Introduction 

 Given the growing human need to acquire new products, the economic development 
requires not only resources, but it also contributes to the unrestrained production of 
waste responsible for the planet degradation. In this context, sustainable development 
has been assumed as a guideline for the integration of economic, environmental, and 
social policies by the companies infl uencing their production processes and also 
their competitiveness. Thus, innovation processes toward sustainable development 
(eco-innovations) have received increasing attention during the past years. Radical 
eco-innovations are key enablers for improving a knowledge-based,  resource-effi cient, 
greener, and competitive European economy (Montalvo et al.  2011 ). However, the 
implementation of radical eco-innovations involves several factors and is affected by 
various barriers (Del Río et al.  2010 ). 

 This study provides the identifi cation and empirical analyses of the main factors 
that infl uence the Portuguese manufacturing industry in terms of eco-innovation. 
The results present the environmental benefi ts recognized by the companies and also 
their correlation with the introduced innovation. In this context, according to the 
literature review, several research hypotheses are formulated in order to test and 
analyze the infl uence of some factors on the innovative activities and performance of 
Portuguese manufacturing industries. To empirically test the formulated hypothesis, 
secondary data was provided by the “Offi ce of Planning, Strategy, Evaluation and 
International Relations of Ministry of Science, Technology, and Higher Education 
(GPEARI/MCTES)” – belonging to the “CIS (Portuguese Community Innovation 
Survey)” – and supervised by Eurostat. The CIS is a database where we can have 
access to the companies’ innovation process in Portugal, in terms of product, pro-
cess, and organizational innovation and marketing, as well as their determinants and 
weaknesses/capabilities (GPEARI  2010a ,  b ). 

 This study intends to analyze the infl uence of the introduction of eco-innovation 
practices by manufacturing companies on their propensity to be innovative. 

 The chapter is structured as follows: after the introduction, the relevant literature on 
eco-innovation is present. After, the methodology used in this study is described and the 
results present and discussed. Finally, the main conclusions of the research are drawn.  

6.2     Background 

 In the last decades, the growing of the economic activity has been accompanied by 
concerns about climate change, energy security, and scarcity of natural resources. 
On the other hand, environmental problems such as air pollution and decreasing of 
fossil oil resources are becoming pressing issues for international organizations, 
national governments, and consumers (Jansson  2011 ). 

 Recently, the OECD ( 2009 ) report suggests that the global greenhouse gas emis-
sions are likely to increase by 70 % by 2050. This has contributed for the increased 
importance of the sustainable development concept, which gradually has emerged as 
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a new development paradigm. Besides that initially the sustainable development was 
considered as a constraint, it has become an opportunity, as it combines three advan-
tages: a response to climate and energy challenges, a way out of a crisis, and a potential 
growth path (Faucheux and Nicolaï  2011 ). Thus, several strategies have been suggested 
for building more sustainable companies. These strategies attempted to create long-
term added value for consumers and employee by not only creating a “green” strategy 
but also taking into consideration every dimension of how a  business operates in the 
social, cultural, and economic environment (Pratoom and Cheangphaisarn  2011 ). 

 In order to re-evaluate the relationships between organizations, technology, and 
society, many authors argue that the managers should have a strategic planning for 
the future considering however the environmental concerns (Ulhøi  2008 ; Stead and 
Stead  2008 ; Shrivastava  2008 ; Parnell  2008 ). Thus, innovation processes through 
sustainable development have received increasing attention for the past years. 
According to some authors (Bresciani and Oliveira  2007 ; Ulhøi  2008 ; Shrivastava 
 2008 ; Yang et al.  2010 ), when an environmental management policy is adopted, the 
companies increase their competitiveness through cost reduction, quality improve-
ment, and implementation of new processes/products. 

 Moreover, derived from the increased globalization of the economic activity, the 
gradual integration of markets, and the evolution of consumer needs, there are new 
challenges to companies which increasingly strive them to innovate (Moreira et al. 
 2012 ). The increased effi ciency in resources and energy use and the investment in a 
broad range of innovations to improve environmental performance could be an 
important driver for creating new industries and jobs (OECD  2009 ). In fact, since 
the 1980s, the increasing instability of the competitive environment, with shorter 
product and technological life cycles, has forced companies to reconsider their 
innovation strategies in order to widen their technology base (Faria et al.  2010 ). 
Taking the regulations to create new markets, as an example, they seem to be par-
ticularly relevant for eco-innovation in business contexts (Wagner and Llerena 
 2011 ). On the other hand, the industries are not just waiting for the governments to 
decree regulations, but a growing number of companies have adopted strategies that 
allow them to be ahead of the legislators. They take the initiative in designing their 
environmental and sustainability policies (Lindhqvist  2007 ). According to OECD 
( 2009 ), although government regulations and standards have helped to reduce envir-
onmental impacts to a large extent, they are not the most effi cient way to reduce 
emissions and do not offer enough incentives to innovate beyond end-of-pipe solu-
tions. Therefore, sustainability arises as a process that brings social, economic, 
environmental, and technological changes through innovation, and it is increasingly 
recognized as a signifi cant driver of economic growth (OECD  2009 ). 

 In this context arises the concept of eco-innovation as an innovation (Faucheux 
and Nicolaï  2011 ) that reduces environmental burdens and contributes to improve 
a situation according to given sustainable targets (Rennings  2000 ; Faucheux and 
Nicolaï  2011 ). For EIO ( 2010 ), the eco-innovation consists of the introduction of 
new or signifi cantly improved products (good or service), processes, organiza-
tional changes, or marketing solutions that reduce the use of natural resources 
(including materials, energy, water, and land) and decrease the harmful substances 
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across the whole life cycle. For Demirel and Kesidou ( 2011 ), eco-innovations have 
a central role in improving environmental technologies that measure, detect, and 
treat pollution from the source to the product’s life cycle end, ensuring its life span 
has a minimal environmental impact. According to other authors, it is a process of 
developing new ideas, behavior, products, and processes that contribute to a reduc-
tion in environmental burdens or to ecologically specifi ed sustainability targets 
(Rennings  2000 ; Hellström  2007 ; Del Río et al.  2010 ; Jansson et al.  2011 ; 
Wagner and Llerena  2011 ; Demirel and Kesidou  2011 ). Based on this defi nition, 
 eco-innovation has a double externality feature (Wagner and Llerena  2011 ). 
However, some authors have referred specifi cally to eco-innovation as simply 
reducing environmental impacts through waste minimization (Hellström  2007 ). 

 The eco-innovation contributes to create eco-companies and might be defi ned as 
a subclass innovation, which improves the economic and environmental develop-
ment (OECD  2009 ). Recently, the concept has been reformulated (Lobo  2010 ) to 
activities that involve equipment use, work, production, information networks, or 
products whose main goal is to retract, treat, reduce, prevent, or delete pollution or 
another environmental degradation caused by human activity. 

 As pointed out by Nuij ( 2001 ), an eco-innovation is the response from industry 
and the academic community to the challenge of sustainable product development 
that aims to develop new products and services that are not based on redesign or 
incremental changes to existing products but rather on providing the consumer with 
the function they require, in the most eco-effi cient way. The incremental improve-
ment is not enough, and industry must be restructured (OECD  2009 ) as well as 
technological products and systems (Hellström  2007 ). In this context, industry leaders 
and policymakers have looked at innovation as the key to make radical improvements 
in corporate environmental practices and performance. Radical innovations are 
those changes that lead to substantial improvements of products and processes that, 
however, do not necessarily lead to a systemic change (EIO  2010 ). On the other 
hand, researchers, as well as eco-innovation literature, have often expressed a need 
for radical and systemic technological changes to achieve demanding environmen-
tal sustainability goals (Del Río et al.  2010 ; OECD  2009 ). 

 According to Rennings ( 2000 ), incremental innovations can be characterized as 
continuous improvements of existing technological systems, while radical innov-
ations are discontinuous. Radical eco-innovations have more substantial changes at 
the production system level, such as those involved in industrial ecology, including 
closed-loop systems in which waste becomes inputs for new processes (Hellström 
 2007 ; Del Río et al.  2010 ). Radical eco-innovations are also considered as key 
enablers for securing a knowledge-based, resource-effi cient, greener, and competi-
tive European economy (Montalvo et al.  2011 ). In other words, radical eco- 
innovation benefi ts companies by leading them to new products and services, as 
well as creating new markets, such as eco-products, for example, certifi ed products. 
In addiction, the increasing scarcity of certain resources and the high prices of raw 
materials and energy may drive the need for more effi cient processes and technolo-
gies also opening new markets (EIO  2010 ). However, according to Hellström 
( 2007 ), most eco-innovations take place in the incremental mode so far. 
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 Despite the different concepts and views about radical eco-innovations, OECD 
( 2009 ) defends that eco-innovation as a whole contributes to the evolution in industry 
practices and industry has increasingly adopted cleaner production by reducing the 
amount of energy and materials used in the production process. They are consider-
ing the environmental impact throughout the product’s life cycle and are integrating 
environmental strategies and practices into their own management systems. However, 
Jansson et al. ( 2011 ) say that relatively little attention has been paid to the adoption 
of innovations that are marketed as being more environmentally friendly than the 
alternatives on the market. According to Hellström ( 2007 ), most companies are hard 
put to integrate environmental concerns into their corporate strategy, and this is an 
impediment to the development of radical eco-innovation. On the other hand, the 
results from a survey of ten OECD governments on existing national strategies 
and policy initiatives show that an increasing number of countries now perceive 
environmental challenges not as a barrier to economic growth but as a new opportunity. 
Despite these facts, not all surveyed countries seem to have a specifi c strategy for 
eco-innovation (OECD  2009 ) which makes pertinent to explore the possible dimensions 
and ways for the introduction of eco-innovation, namely, in Portuguese manufac-
turing industry context. In this context, the following two research questions are 
proposed in this study:

 –    Which infl uence more the propensity of manufacturing companies to the eco- 
innovation? The introduction of eco-innovations in the company or the introduc-
tion of eco-innovation after-sales?  

 –   Do internal and external factors contribute to the eco-innovation of Portuguese 
manufacturing industry? Which are the factors that most contribute to 
eco-innovation?     

6.3     Methodology 

 Based on the literature review, four hypotheses are formulated for our empirical 
study. Our fi rst interest is to analyze the main factors that are correlated with the 
entrepreneurial innovative capability of Portuguese manufacturing industry in terms 
of eco-innovation. There are few empirical studies based on surveys which analyze 
on one hand the environmental benefi ts adopted by the companies and on the other 
if they are adopted to obtain those benefi ts (Jansson  2011 ; Jansson et al.  2011 ; 
Wagner and Llerena  2011 ). Also, several authors (OECD  2009 ; Moreira et al.  2012 ) 
argue that sustainable development is an important infl uence on innovative pro-
cesses and can be an important driver to help companies to be more competitive and 
survive in the market. 

 However, the database used in this study considers as eco-innovations the new or 
signifi cantly improved product, process, method, concept, or policy with environmental 
benefi ts, not considering the economic and social dimensions of the sustainable 
 development. Furthermore, several authors (Rennings  2000 ; Hellström  2007 ; OECD 
 2009 ; Del Río et al.  2010 ; Jansson et al.  2011 ; Wagner and Llerena  2011 ; Demirel and 
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Kesidou  2011 ) have considered the eco-innovation as the environmental improvements 
and the reduction of environmental burdens/impacts. Hence, we were forced to restrict 
this study to the environmental benefi ts introduced by the companies. 

 In this context, our purpose is to study the association between environmental 
benefi ts and the introduction of innovation in the companies. Thus, the innovation 
intensity is evaluated by the product and processes’ innovation. A product innov-
ation is the introduction of a good or service that is new or signifi cantly improved in 
what concerns its characteristics or intended uses. This includes signifi cant improve-
ments in technical specifi cations, components and materials, incorporated software, 
user friendliness, or other functional characteristics (OECD  2005 ; GPEARI  2010a ,  b ; 
EIO  2010 ). A process innovation is the implementation of a new or signifi cantly 
improved production or delivery method. This includes signifi cant changes in tech-
niques, equipment, and/or software (OECD  2005 ; GPEARI  2010a ,  b ). We will con-
sider the innovation inside the company and the innovation after-sales. Thus, the 
following hypotheses are suggested:

    H   1   :  Companies that intend to introduce eco-innovations in the company present 
more propensity to innovation.   

   H   2   :  Companies that intend to introduce eco-innovation after-sales present more 
propensity to innovation.     

 The third and fourth hypotheses intend to analyze the relationship between the 
companies’ innovation process and the introduction of eco-innovations in response 
to some factors. These factors can be external, for example, the introduction of 
regulations, or internal, for example, the existence of regular procedures to identify 
and reduce environmental impacts. The literature review states that attending to the 
sustainable targets and the competitiveness of companies, there are several factors 
which could infl uence the introduction of eco-innovations in order to reduce 
environmental problems and contribute to improve the current situation. Hence, the 
following two hypotheses are proposed:

    H   3   :  Companies that intend to introduce eco-innovations in response to external 
 factors present more propensity to innovation.   

   H   4   :  Companies that intend to introduce eco-innovations in response to internal 
factors present more propensity to innovation.     

6.3.1     Sample and Data Collection 

 In the present study, the secondary data was collected from the “Offi ce of Planning, 
Strategy, Evaluation and International Relations of Ministry of Science, Technology, 
and Higher Education (GPEARI/MCTES)” – belonging to the 7th Community 
Innovation Survey (CIS 2008) – and supervised by the Eurostat. CIS 2008 was 
carried out in 31 countries, i.e., the 27 EU member states, 3 EU candidate countries 
(Croatia, Iceland, and Turkey), and Norway (EUROSTAT  2013 ). It is a data source 
where the activities and the innovation process are evaluated every 2 years, in terms 
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of product, process, and organizational innovation and marketing as well as their 
determinants and fragilities/capabilities (GPEARI  2010a ,  b ). The collection took 
place between May 2009 and April 2010 although the reference periods relate to the 
years 2006–2008. 

 The data set includes all industrial trade and services in Portuguese companies 
with more than 10 workers, at the date of application of the questionnaires, and it 
consists of 6,593 observations, given an 83 % response rate (GPEARI  2010a ,  b ). 
However, we limited the target sample of this study to Portuguese manufacturing 
companies, according to the classifi cation of economic activities – NACE Rev. 3 
(Nomenclature of Economic Activities in the European Community, third revision). 
Therefore, only 1,563 companies are considered in the sample. About 52.9 % of the 
companies in the sample are small companies having between 10 and 49 employ-
ees, about 35.3 % of the companies have between 50 and 249 employees and 11.7 % 
have more than 250 employees. Attending to the manufacturing sector, the most 
representative in the sample is the oil, chemical, and pharmaceutical industry and 
nonmetallic mineral products (NACE 19–23), followed by metallurgical and metal 
products (NACE 24–25). Table  6.1  gives an overview of the sample.

6.3.2        Measures 

 In this study, the dependent variable  total innovation  refl ects a situation in which the 
companies innovate at both levels: the product and the process innovation level. 
This information is provided from the CIS 2008s statistical framework (“B. Product 
innovation” and “C. Process innovation”). The innovation introduced by new or 
signifi cantly improved goods or manufacturing processes was obtained from these 
frameworks. This dimension is presented as a dichotomy variable which adopts value 
0 if the company does not innovate at product or service level and value 1 for those 
that innovate at product and service level. We have considered just the innovation on 
goods and production methods due to sample characteristics. 

 The independent variables are represented in Table  6.2  which summarizes 
the variables and measures used in this study, and they are provided from CIS 

   Table 6.1    Classifi cation of manufacturing sectors according to NACE Rev. 3   

 NACE Rev. 3  Manufacturing industry 
 Share on total 
sample (%) 

 10–12  Food products and beverages, tobacco products  7.6 
 13–15  Textiles, clothing, and leather  10.9 
 16–18  Wood, paper, and printing industry  10.5 
 19–23  Oil, chemical and pharmaceutical industry, and nonmetallic 

mineral products 
 21.6 

 24–25  Metallurgical and metal products  20.8 
 26–30  Computers, electrical equipment, motor vehicles  16.9 
 31–33  Furniture and other manufactured goods  11.8 
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    Table 6.2    Hypothesis, independent variables defi nition, measures, and values   

 Hypotheses  Independent variables 
 Type of 
measures  Values 

 H 1   ECOMAT – reduction of material used per 
unit produced 

 Ordinal  0 = no 

 ECOEN – reduction of energy used per unit 
produced 

 1 = yes 

 ECOCO – CO 2  reduction produced by the 
companies 

 ECOSUB – substitution by less polluting 
or hazardous materials 

 ECOPOL – reduction of noise pollution, air, 
water, or soil inside the company 

 ECOREC – recycling of waste, water, 
or material 

 H 2   ECOENU – reduction of energy consumption  Ordinal  0 = no 
 ECOPOS – reduction of noise pollution, air, 

water, or soil after-sales 
 1 = yes 

 ECOREA – improved product recycling after use 
 H 3   ENREG – existing environmental regulations 

or fi scal duties (taxes/fees) on pollution 
 Ordinal  0 = no 

 ENREGF – environmental regulations 
or taxes expected to be introduced 
in the future 

 1 = yes 

 ENGRA – availability of support from the 
central government, subsidies, or other 
fi nancial incentives for eco-innovation 

 ENDEM – current or expected demand for 
eco-innovations by customers/market 

 ENAGR – voluntary adoption of codes 
of conduct or participation in sectorial 
agreements for the implementation 
of good environmental practices 

 H 4   ENVID – procedures to identify and reduce 
environmental impacts regularly 

 Ordinal  0 = no 
 1 = yes, implemented 

before January 2006 
 2 = yes, implemented 

or signifi cantly 
improved after 
January 2006 

2008s statistical framework related to innovation with environmental benefi ts. 
First, this statistical data collected from CIS is about innovations with environ-
mental benefi ts introduced in the company and after-sales, and second, it is about 
external and internal environmental factors that contribute to the eco-innovation of 
Portuguese industry.
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6.3.3        Data Analysis 

 Based on the literature review in the previous chapter, we checked that the innovation 
capacity of the companies is a complex phenomenon infl uenced by several factors, 
including sustainable factors that are in the basis of the eco-innovation concept. 
In this context, it is necessary to explore the relationship between sustainable 
development factors and its infl uence on the innovative capacity of Portuguese 
manufacturing companies. 

 The type of secondary data collected promotes essentially dichotomous variables, 
which are measured in qualitative ordinal scale. This justifi es the type of statistical 
analysis used attending to the hypothesis formulated (Table  6.2 ). 

 In order to test whether there are differences statistically signifi cant between 
dependent variable (total innovation – TOTAL_INOV) and a set of independent vari-
ables ( ECOMAT, ECOEN, ECOCO, ECOSUB, ECOPOL, ECOREC , among others), 
the Pearson’s chi-squared test also known as chi-squared test was used. In this 
test, the expected count of all cells is compared with the observed count to infer 
from the relationship between the variables. If the differences between these counts 
(expected and observed) are not statistically signifi cant, the variables are independent, 
or otherwise, we must reject the hypothesis of independence (Howell  2007 ). 

 The Pearson’s chi-square assumes that no cells have expected count less than 1 
and no more than 20 % of the cells have expected count less than 5 observations. 
If the chi-square’s assumptions are not guaranteed, the observed signifi cance level 
may not be correct (Howell  2007 ; Tabachinick and Fidell  2007 ; Hair and Joseph 
 2010 ; Acton et al.  2009 ; Kinnear and Gray  2011 ). 

 However, the chi-squared test only gives information about the variables’ 
independence, and it does not give any information on the correlation level. Thus, 
the next step is to verify the variables’ association using the Spearman’s rho, also 
called Spearman’s correlation coeffi cient because we have ordinal variables (Howell 
 2007 ; Tabachinick and Fidell  2007 ; Pallant  2007 ; Hair and Joseph  2010 ; Acton 
et al.  2009 ; Kinnear and Gray  2011 ). 

 The correlation measure evaluates the intensity and the direction of the variables’ 
relation. The intensity is the absolute value of the correlation coeffi cient, and the 
coeffi cient signal is the direction. The correlation coeffi cient varies between −1 and 1 
(Hair and Joseph  2010 ). Values near −1 or 1 indicates there is a strong relationship 
between two variables, negative if it is near −1 and positive if it is near 1. The count 
nearest to zero presents less relation intensity (Tabachinick and Fidell  2007 ; Howell 
 2007 ; Gamst et al.  2008 ; Hair and Joseph  2010 ). According to Cohen, cited by Pallant 
( 2007 ), the intensity of correlation measures is considered weak if 0.10 ≪  ρ  ≪ 0.29 
or −0.10 ≪  ρ  ≪ −0.29, moderate if 0.30 ≪  ρ  ≪ 0.49 or −0.30 ≪  ρ  ≪ −0.49, and strong 
if 0.50 ≪  ρ  ≪ 1 or −0.50 ≪  ρ  ≪ −1. 

 Both tests consider a signifi cance level of 5 %, and sometimes, when possible, 
they consider a signifi cance level of 1 %. 
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 In the next step, both the independent tests of Pearson’s chi-square and the 
Spearman’s correlation coeffi cient are computed to verify the infl uence of sustainable 
factors in the Portuguese manufacturing industries’ innovation. 

 To test the proposed hypotheses, the SPSS 20 –  Statistical Package for the Social 
Sciences 20.0  – is used.   

6.4     Results 

 The results obtained after data analysis are present by hypothesis. 
 At this stage of the research, the hypotheses are tested using the Pearson’s chi- squared 

test of independence. For testing the research H 1  The  companies which intend 
to introduce innovations with environmental benefi ts present more propensity to 
innovation  and after the conditions of applicability of the Pearson’s chi-squared test 
are verifi ed, it is found that there are statistical evidences to state that environmental 
benefi ts in the company are related to the introduction of manufacturing industry 
innovation at a signifi cance level of 5 %. In other words, the environmental benefi ts 
infl uence the innovation of manufacturing industries (Table  6.3 ).

   The results indicate that the percentage of companies which introduced product 
innovation or process innovation (43.8 %) is lesser than the percentage of cases 
which introduced both of them (56.3 %) (Table  6.4 ). Despite that the inferential 
statistical analysis shows that manufacturing industry’ innovation is dependent of 

  Table 6.3    Pearson’s 
chi-squared test for H 1   

 Variables  Pearson’s chi-square  Sig. 

 ECOMAT  23.148  0.000 
 ECOEN  30.934  0.000 
 ECOCO  14.453  0.000 
 ECOSUB  29.780  0.000 
 ECOPOL  44.672  0.000 
 ECOREC  26.611  0.000 
  N  total  1,563 

   Table 6.4    Distribution of innovations with environmental benefi ts in the company according to 
the degree of innovation   

 Product innovation 
or process innovation (%) 

 Product innovation 
and process innovation (%)  Total innovation (%) 

 ECOMAT  6.7  8.7  15.4 
 ECOEN  7.1  9.4  16.5 
 ECOCO  4.8  6.2  11.0 
 ECOSUB  7.1  9.3  16.4 
 ECOPOL  8.1  10.7  18.8 
 ECOREC  10.0  11.9  21.9 
 Total  43.8  56.2  100 
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all environmental benefi ts in the company, we verify that a major percentage of 
companies pay attention to  ECOREC  (21.9 %), following  ECOPOL (18.8 %) and 
then ECOEN  (16.5 %).

   According to the chi-squared test results, the null hypothesis is rejected which 
makes possible to state that the introduction of environmental benefi ts of innovation 
in the companies is related to the propensity for business innovation. Being so, the 
variables’ correlations are going to be tested using the Spearman’s rho test. As 
verifi ed in Table  6.5 , there are statistical evidences to state that the sample presents 
a positive correlation between all variables, at a signifi cance level of 5 and 1 %. 
However, some weak correlations are also identifi ed ( ρ  = 0.096 and  ρ  = 0.282) 
between  total innovation  variable and variables related to the environmental 
benefi ts in the company (reduction of material used per unit produced; reduction of 
energy used per unit produced; CO 2  reduction produced by the companies; substitu-
tion by less polluting or hazardous materials; reduction of noise pollution, air, water, 
or soil; and recycling of waste, water, or material).

   The analysis of the variables’ correlation shows that there are moderate positive 
correlations between almost all of these variables in contrast to strong positive 
correlations between the variables ECOMAT and ECOEN, between the variables 
ECOSUB and ECOPOL, and between the variables ECOREC and ECOPOL. 

 Summing up, the introduced innovation by the manufacturing industries is 
positively infl uenced by the environment benefi ts in the company ( p  value = 0.000 
for all the variables), although it is possible to verify a weak correlation, as shown 
in Table  6.5 . A strong positive correlation between some environmental benefi ts is 
also verifi ed. These facts require that new models should be formulated considering 
the independent variables, in order to study these variables’ behavior and the infl u-
ence on each other’s behavior. 

 Considering the H 2   Companies that intend to introduce innovations with environ-
mental benefi ts in after-sales present more propensity to innovation  and after the 
conditions of applicability of the chi-squared test are verifi ed, it was found that 
there are statistical evidences to state that environmental benefi ts resulting from the 
use of product after-sales are related to the introduction of manufacturing industry 
innovation, at a signifi cance level of 5 %. That is, the environmental benefi ts resulting 
from the use of a product after-sales infl uence the innovation of manufacturing 
industries (Table  6.6 ).

    Table 6.5    Spearman’s rho ( ρ ) correlations for H 1    

 TOTAL_INOV  ECOMAT  ECOEN  ECOCO  ECOSUB  ECOPOL  ECOREC 

 TOTAL_INOV  1  0.122  0.141  0.096  0.138  0.169  0.130 
 ECOMAT  1   0.526   0.398  0.320  0.339  0.320 
 ECOEN  1  0.487  0.348  0.417  0.353 
 ECOCO  1  0.431  0.453  0.282 
 ECOSUB  1   0.534   0.392 
 ECOPOL  1   0.519  
 ECOREC  1 

  Weak if  ρ  = 0.10 to 0.29; moderate if  ρ  = 0.30 to 0.49; strong if  ρ  = 0.50 to  ρ  = 1  
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   The percentage of companies that introduced product or process innovation (37.8 %) 
is lesser than the percentage of companies which introduced both innovations 
(62.4 %), but according to Table  6.7 , they are equally distributed (33.4 %) by envi-
ronmental benefi ts in after-sales.

   According to Table  6.8 , there are statistical evidences to state that the total 
samples present positive correlations between all the variables at a signifi cance 
level of 5 and 1 %.

   The  total innovation  variable and  environmental benefi ts resulting from the 
use of product after-sales  variable (reduction of energy consumption; reduction 
of noise pollution, air, water, or soil; and improved product recycling after use) 
present a positive but weak correlation (between  ρ  = 0.117 and  ρ  = 0.138), as shown 
in Table  6.8 . 

 Considering the results, it is possible to state that there is a moderate and positive 
correlation between ECOREA and ECOENU variables (0.475) and there are strong 
positive correlations between ECOENU and ECOPOS variables (0.551) and between 
ECOREA and ECOPOS (0.562). 

 In this context, the introduced innovation by the manufacturing industries is 
positively infl uenced by the environmental benefi ts of using a product after-sales 
( p  value = 0.000 for all the variables), although the weak correlation, as shown in 
Table  6.8 . 

  Table 6.6    Pearson’s 
chi-squared test for H 2   

 Variables  Pearson’s chi-square  Sig. 

 ECOENU  25.452  0.000 
 ECOPOS  29.527  0.000 
 ECOREA  21.350  0.000 
  N   1,563 

   Table 6.7    Distribution of innovations with environmental benefi ts resulting from the use of a 
product after-sales according to the degree of innovation   

 Product innovation 
or process innovation (%) 

 Product innovation 
and process innovation (%)  Total innovation (%) 

 ECOENU  12.6  20.8  33.4 
 ECOPOS  12.6  20.8  33.4 
 ECOREA  12.6  20.8  33.4 
 Total  37.8  62.4  100 

     Table 6.8    Spearman’s rho ( ρ ) correlations for H 2    

 TOTAL_INOV  ECOENU  ECOPOS  ECOREA 

 TOTAL_INOV  1  0.128  0.138  0.117 
 ECOENU  1   0.551   0.475 
 ECOPOS  1   0.562  
 ECOREA  1 

  Weak if  ρ  = 0.10 to 0.29; moderate if  ρ  = 0.30 to 0.49; strong if  ρ  = 0.50 to  ρ  = 1  
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 Considering now the H 3   Companies that intend to introduce eco-innovations in 
response to external factors present more propensity to innovation  and after the 
conditions of applicability of the chi-squared test are verifi ed, the results of the test 
show that there are statistical evidences to affi rm that the introduction of eco- 
innovations in response to external factors is related to the manufacturing industry inno-
vation, at a signifi cance level of 5 %. According to Table  6.9 , all external factors 
infl uence the innovation of manufacturing industries.

   According to Table  6.10 , the percentage of companies which introduce product 
or process innovation (43.4 %) is lesser than the number of cases which introduce 
both innovations ( n  = 56.6 %) (Table  6.9 ). The results show that companies pay more 
attention to certain external factors, such as  ENAGR  (31.8 %), following  ENREG  
(27.2 %) and  ENDEM  (19.3 %).

   Table  6.11  shows that there are statistical evidences to state that the total samples 
present a positive correlation between all the variables at a signifi cance level of 1 % 
(and consequently 5 %) with the exception of two values representing correlations 
with a signifi cance level of only 5 % (0.059 and 0.062).

   Table 6.9    Pearson’s 
chi-squared test for H 3   

 Variables  Pearson’s chi-square  Sig. 

 ENREG  20.100  0.000 
 ENREGF  5.376  0.020 
 ENGRA  6.063  0.014 
 ENDEM  15.825  0.000 
 ENAGR  19.333  0.000 
  N  total  1,563 

   Table 6.10    Distribution of eco-innovations in response to external factors according to the degree 
of innovation   

 Product innovation 
or process innovation (%) 

 Product innovation 
and process innovation (%)  Total innovation (%) 

 ENREG  11.7  15.4  27.1 
 ENREGF  7.5  9.1  16.6 
 ENGRA  2.0  3.1  5.1 
 ENDEM  8.1  11.2  19.3 
 ENAGR  14.1  17.8  31.9 
 Total  43.4  56.6  100 

     Table 6.11    Spearman’s rho ( ρ ) correlations for H 3    

 TOTAL_INOV  ENREG  ENREGF  ENGRA  ENDEM  ENAGR 

 TOTAL_INOV  1  0.114  0.059  0.062  0.101  0.112 
 ENREG  1  0.463  0.181  0.308  0.326 
 ENREGF  1  0.308  0.383  0.307 
 ENGRA  1  0.306  0.190 
 ENDEM  1  0.378 
 ENAGR  1 

  Weak if  ρ  = 0.10 to 0.29; moderate if  ρ  = 0.30 to 0.49; strong if  ρ  = 0.50 to  ρ  = 1  
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   The results identify a positive weak correlation between  total innovation  and all 
variables related to the eco-innovations in response to external factors. As shown in 
Table  6.11 , the results present coeffi cients between  ρ  = 0.059 and  ρ  = 0.114. 

 There is a positive moderate correlation between the variables which represent 
external factors, with the exception of ENGRA and ENREG variables (0.181) and 
between ENAGR and ENGRA (0.190) which have a positive weak correlation. 

 Therefore, we conclude that manufacturing industry innovation is positively 
infl uenced by the external factors despite the weak correlation (Table  6.11 ). 

 Finally, attending to the H 4   Companies that intend to introduce eco-innovations 
in response to internal factors present more propensity to innovation  and after 
verifying the conditions of chi-squared test applicability, it was found that there are 
statistical evidences to state that introductions of eco-innovations in response to 
internal factor variables are related to the innovation of manufacturing industry, at a 
signifi cance level of 5 %. Therefore, internal factors infl uence the innovation of 
manufacturing industries (Table  6.12 ).

   According to Table  6.13 , the percentage of companies which introduced product 
or process innovation (37.7 %) is lesser than the percentage of companies that 
introduced both innovations (62.3 %). However, most manufacturing industries do 
not have regular procedures to identify and reduce their environmental impacts 
(53.8 %), although there have been an increase in its implementation after January 
2006 (28.4 % compared to 17.8 % before January 2006).

   Table  6.14  shows statistical evidences to affi rm that the sample presents a 
positive correlation between  total innovation  and  ENVID , at a signifi cance level 
of 5 and 1 %. The fi ndings show a positive but weak correlation between these variables 
with a value of 0.096 (Table  6.14 ).

  Table 6.12    Chi-squared test 
for H 4   

 Variable  Pearson’s chi-square  Sig. 

 ENVID  16.329  0.000 
  N  total  1,563 

   Table 6.13    Distribution of eco-innovations in response to internal factors according to the degree 
of innovation   

 ENVID 

 Product innova-
tion or process 
innovation (%) 

 Product innovation 
and process 
innovation (%) 

 Total 
innovation 
(%) 

  No   22.8  31.0  53.8 
 Implemented before January 

2006 
 5.6  12.2  17.8 

 Implemented or signifi cantly 
improved after January 
2006 

 9.3  19.1  28.4 

 Total  37.7  62.3  100 
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   Summing up, the introduction of innovation by the manufacturing industries is 
positively infl uenced by the procedures to identify and reduce environmental impacts 
regularly ( p  value = 0.000) although there is a weak positive correlation (0.096).  

6.5     Discussion of the Results 

 This study aims to analyze the infl uence of the introduction of eco-innovation 
practices by Portuguese manufacturing companies on their propensity to innova-
tion. The second purpose was to analyze the contribution of internal and external 
factors for the eco-innovation. 

 According to several authors (Bresciani and Oliveira  2007 ; Ulhøi  2008 ; Shrivastava 
 2008 ; Yang et al.  2010 ), when an environmental management system is adopted, 
the companies increase their competitiveness and become more sustainable, infl u-
encing positively the manufacturing industry innovation behavior. However, there 
are always weak correlations. 

 Both benefi ts introduced, in the company or after-sales, are correlated with 
companies’ innovation. But in the company, the most important sustainable factor 
is ECOREC (recycling of waste, water, or material) with 21.9 %, and the least 
important is ECOCO (CO 2  reduction produced by the companies) with 11.0 % 
responses. In after-sales, the sustainable benefi ts are equally distributed (33.4 %). 

 The external and internal factors are also correlated with companies’ innovation. 
ENAGR (voluntary adoption of codes of conduct or participation in sectorial 
agreements for the implementation of good environmental practices) is the most 
important external factor for the companies in their eco-innovations with 31.8 %. 
These arguments are in line with the eco-innovation literature, where Lindhqvist 
( 2007 ) argues that the industries take the initiative in designing the environmental 
and sustainability policies and are not just waiting for the governments to decree 
regulations, but a growing number of companies have adopted strategies that allow 
them to be ahead of the legislators. The second most important factor is ENREG 
(existing environmental regulations or fi scal duties (taxes/fees) on pollution) with 
27.2 % and according to the literature, the regulations create lead markets, which 
seem to be particularly relevant for eco-innovation in business contexts (Wagner 
and Llerena  2011 ). 

 Despite our results that corroborate the literature review, it is confi rmed that 
there are barriers which affect the adoption of eco-innovations (Del Río et al.  2010 ) 
and hence of radical eco-innovations. Moreover, this study shows how research on 

   Table 6.14    Spearman’s 
rho ( ρ ) correlations for H 4   

 TOTAL_INOV  ENVID 

 TOTAL_INOV  1  0.096 
 ENVID  1 

  Weak if  ρ  = 0.10 to 0.29; moderate if  ρ  = 0.30 to 0.49; 
strong if  ρ  = 0.50 to  ρ  = 1  
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eco-innovation is still in its infancy, particularly concerning systemic eco- innovations 
which have greater potential for overall environmental improvements, but they are 
also highly complex, involving non-technological changes as stated in OECD ( 2009 ).  

6.6     Conclusions 

 The aim of this study was to investigate the infl uence of the introduction of eco- 
innovation practices by Portuguese manufacturing companies on their propensity to 
be innovative. With the purpose of improving comprehension of eco-innovation in 
goods and processes and identifying the main determinants of eco-innovation in the 
manufacturing sector, several hypotheses for investigation were formulated based 
on the literature review. Furthermore, the results presented above contribute to 
the existing literature in various ways. Firstly, the data allowed us to analyze the 
eco- innovations introduced by the manufacturing industries and secondly test the 
relationship between innovative capability of Portuguese manufacturing industry 
and sustainable development. Finally, it allowed us to measure this correlation. 

 This investigation highlights four factors which stimulate and/or limit eco- 
innovative capability in manufacturing industry: environmental benefi ts in the 
company, environmental benefi ts in after-sales, external factors, and internal 
factors. It was taking these four factors into account that the various hypotheses 
tested empirically were formulated. 

 Though the literature reviewed and our fi ndings clarify that innovative performance 
of Portuguese manufacturing industry is infl uenced by sustainable development 
factors, it has also been verifi ed a positive weak correlation in all the empirical tests. 
According to the results obtained, some environmental benefi ts in the company 
and after-sales showed a positive strong correlation between themselves, and some 
variables have effects on other variables. Therefore, we need to formulate new 
models which include these variables in order to measure their behavior and how 
they infl uence each other. 

 The main contribution of this study for managers is the identifi cation of the main 
factors that infl uence the entrepreneurial innovative capability of Portuguese manu-
facturing industry in terms of eco-innovation. According to this study, companies 
should invest on reduction of material and energy used/consumed; reduction of CO 2  
produced by the companies; substitution by less polluting or hazardous materials; 
reduction of noise pollution, air, water, or soil inside the company and after-sales; 
recycling of waste, water, or material; improved product recycling after use; adoption 
of environmental regulations; adoption of codes of conduct or participation in 
sectorial agreements for the implementation of good environmental practices; and 
adoption of procedures to identify and reduce environmental impacts regularly 
factors as a way of being more innovative in environmental terms. The results present 
the environmental benefi ts adopted by the majority of the companies and if they are 
adopted to obtain those benefi ts. 
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 According to this research, managers should invest in the promotion of 
eco- innovation in their companies introducing radical improvements in corporate 
environmental practices and performance, as well as improvements in products and 
in the process. With the identifi cation of the main factors that infl uence the eco- 
innovation behavior, managers can easily and fastly adopt eco-innovative behaviors 
inward their companies. 

 The present work presents some limitations specially in terms of confi dentiality. 
For example, the industries’ location and the information about specifi c sections by 
NACE Rev. 3 are absent. In this context, specifi c information was excluded, and it 
was not possible to draw up a comparison of results with previous CIS so as to 
assess evolutionary tendencies in the area of innovation activities and expenditure. 
It was also very diffi cult to distinguish specifi c companies because all of them are 
grouped in a general NACE. However, the most important limitation we came 
across with was the impossibility to know if the companies have introduced radical 
or incremental innovations.     
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    Abstract     Eco-innovations are a crucial tool for fi rms to redefi ne the environmental 
impacts of their productive activities toward a new paradigm of sustainable devel-
opment. Even though this is an important subject, still little is known about how 
eco-innovations take place in fi rms, especially in emerging economies like Brazil. 
The purpose of this chapter is to investigate the landscape of eco-innovations in 
Brazilian fi rms, concerning the characteristics of eco-innovators, as well as the 
determinants, results, types of innovation, and the existence of cooperative arrange-
ments for the development of eco-innovations. To do so it presents the results of an 
unprecedented survey on eco-innovative activities in Brazilian fi rms carried out in 
2012. The methodology is quantitative, descriptive, and explanatory, using precise 
measurement to provide a representative picture of eco-innovations in Brazil. The 
results show that fi rms are mostly driven by the opportunity to create new busi-
nesses with their eco-innovations. Moreover, it reveals that most eco-innovative 
fi rms in our sample conduct systematic, in-house R&D activities; most eco- 
innovative fi rms participate in cooperative arrangements for innovation especially 
with universities and research institutes; and most eco-innovations are organizational, 
with incremental impacts.  
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7.1         Introduction 

 In the second half of the twentieth century, recognition of global-scale environmental 
threats gained traction in international discussions. Awareness increased with the 
recent scientifi c observation that “the rapid and accelerating technologically driven 
modifi cation of our natural surroundings has changed them beyond the wildest 
Neolithic dreams” (Grey  1993 : 464). These risks underscore the need for a more 
sustainable use of natural resources. 

 Experts have shed light on the environment’s capacity to resist human patterns of 
development, questioning utilitarian frameworks that take natural resources for 
granted. Consequently, environmental responsibility contrasts with previous under-
standings of progress as an inevitable march forward, ensuring mastery over natural 
resources (Cohen  1997 ). Natural systems are not exogenous to human activities. 
Instead, these systems are complex and coevolving, directly affected by techno-
logical trajectories and social behavior. 

 The effect of technology on nature raises questions about whether past trends of 
prosperity can be broadened (or even sustained) in the future (Clark et al.  2005 ). 
Achieving greater harmony between economic development and nature requires a 
sea change in the impact businesses have on the environment – therefore demanding 
a new paradigm for production, consumption, and disposal. Changing the existing 
paradigm is diffi cult, however, since it demands alternative actions that benefi t the 
economy, society, and the environment. 

 This chapter presents eco-innovations as the mechanism that allows the para-
digm shift, from business as usual toward “a new path of economic development 
in which technological advances and social changes combine to reduce, by an 
order of magnitude, the environmental impacts of economic activity” (Jacobs    
 1997 : 9). Eco- innovations are understood here as new products, processes, services, 
organizational processes, or business models that signifi cantly reduce environ-
mental damage. 

 Despite its importance, little is known about the subject, especially in countries 
with an emerging economy, such as Brazil. The present chapter comes with the 
purpose to fi ll this gap, presenting the results of a survey on eco-innovation in 
Brazilian fi rms. The main objective of the chapter is to draw a portrait of eco-
innovation in Brazil, in order to understand their main types, determinants, results, 
the main characteristics of eco-innovators, and whether these eco-innovative fi rms 
are involved in cooperative arrangements. 

 The remainder of the chapter is organized as follows: next section brings the 
theoretical background, exploring the concept of eco-innovation, the importance of 
cooperative arrangements, and the literature describing the innovative landscape in 
Brazil. Section  7.3  sets the methodology and Sect.  7.4  brings the results of the 
survey. The chapter ends with some refl ections on the results of the research, as well 
as its limitations and ways forward for future studies.  
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7.2     Theoretical Background 

7.2.1     Eco-innovation 1 : Concepts, Determinants, Types, 
and Results 

 Innovation is an important tool for addressing environmental vulnerabilities and for 
enabling nature to better withstand man-made disruptions. The Stockholm Resilience 
Centre is one of a handful of organizations investigating “biophysical boundaries at 
the planetary scale within which humanity has the fl exibility to choose a myriad of 
pathways for human well-being and development (Rockström et al.  2009 : 6).” The 
organization’s preliminary analysis found humanity has transgressed three boundaries: 
climate change, biodiversity loss, and the nitrogen cycle. Yet, the study concluded that 
the threshold for permanent environmental change was still uncertain. Research has 
not determined how long problems can persist before they impair nature’s ability to 
restore itself (Rockström et al.  2009 ). Finding solutions to environmental threats 
requires new relationships between society and nature that ultimately will drive the 
economic actors toward a new model of production, consumption, and disposal. 

 Environmental challenges should not be viewed exclusively as constraints; they 
also can present opportunities for economic and social prosperity. Fostering a better 
relationship between industrial activities and natural resources creates win/win 
situations for both economic and environmental performance. These situations were 
described by Hart ( 1997 ) and also by Porter and van der Linde ( 1995 ). 

 Hart presented opportunities for fi rms to drive innovation and to build a growth 
trajectory through the internalization of environmental concerns. Similarly, Porter 
and van der Linde proposed (and confi rmed) the hypothesis that environmental 
regulations foster effi ciency and innovation. Regulations, according to them, are not 
impediments to economic activities, as commonly presented in political discourses, 
but rather opportunities to increase competitiveness. More recent works corrobor-
ated the importance of environmental regulations to eco-innovations in German 
(Horbach et al.  2012 ) and English companies (Demirel and Kesidou  2011 ). 

 During the 2000s, several studies supported technical solutions to environmental 
hazards and defi ned the concept of eco-innovation, which can be synthesized as:

  …the production, assimilation or exploitation of a product, production process, service or 
management or manner of doing business that is new for the organization (developing or 
adopting these) and that results, through the life cycle, in a reduction of environmental 
risks, pollution and other negative impacts of the use of resources (including the use of 
energy) compared to relevant alternatives. (Kemp and Pearson  2007 : 7) 

1   Different names are used in literature to refer to eco-innovations: environmental innovations, 
green innovations, and sustainability-oriented innovations. All terms focus on methods that have a 
positive environmental impact. 

7 Portraying the Eco-innovative Landscape in Brazil…



120

   Gains from eco-innovations refer to the environmental benefi t attained, such as 
cleaner air or more available water, and the economic outcome for the fi rm. 
Innovations can be radical or incremental: the former includes discoveries that com-
pletely disrupt current activities, and the latter covers signifi cant improvements to 
already existing products or processes. Both radical and incremental eco- innovations 
also fi t into different categories, as described on Table  7.1 .

   The fi rst category of eco-innovations comprises environmental technologies. 
These technologies may be remedial (end-of-pipe), reducing the effects of exist-
ing technology. They can also be clean alternatives to more polluting technolo-
gies. The second category covers organizational innovations that incorporate 
environmental issues, including strategies applied to production processes, infra-
structure, and logistics that limit environmental damage. Internal audits, staff 
training, and waste and pollution prevention methods are examples of this cate-
gory (Kemp and Foxon  2007 ). 

 Environmentally benefi cial products and services, such as green certifi cations or 
biodegradable products, fi t into the third category. Services include waste and 
pollution management, environmental consultation, and other activities that 
decrease the negative environmental impact of production methods. The last category 
contains green innovations of systems, which “involve a wide range of changes in 
technological production, knowledge, organization, institutions and infrastructures 
and possibly changes in the behavior of consumers” (Kemp and Foxon  2007 : 9). 
The category covers alternative systems of production and consumption that are 
more environmentally benefi cial than existing systems. Organic agriculture and 
renewable energy systems (like the system required for electric cars) are examples. 
These comprehensive innovations reach a wide range of actors and imply changes 
in broad sectors of economic activity. 

 The defi nition of eco-innovation prioritizes the environmental result over the 
motivation of the fi rm to innovate. In the same line, the literature usually does not 
discriminate between intentional and unintentional results. Discovering what 
drives fi rms to undertake eco-innovations is essential, however, if these are to be 
fostered systematically. 

   Table 7.1    Taxonomy of eco-innovations   

 Innovation  Examples 

 Environmental technologies  Pollution control technology 
 Clean technologies 
 Green energy technology 

 Organizational innovations  Methods of pollution prevention 
 Environmental management 
 Management of the value chain 

 Innovation of products and services  Ecologically benefi cial products 
 Ecological and less resource-intensive 

 Green system innovations  More ecologically benefi cial alternative system 
of consumption and production 
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 The literature states that four factors are the main drivers of eco-innovations 
(Belin et al.  2009 ; Horbach et al.  2012 ): regulations, market factors, fi rm-specifi c 
factors, and environmental concerns, presented in Table  7.2 .

   Environmental regulations induce fi rms to internalize the externalities created by 
their activities. Seen as such, these regulations impose extra costs for fi rms and con-
strain their competitiveness. Porter and van der Linde ( 1995 ), however, introduced 
a different perspective, claiming that environmental regulations force fi rms to 
innovate and improve their resource effi ciency and productivity. Regulations would, 
as a result, increase turnover and profi ts (Porter and van der Linde  1995 ; Bernauer 
et al.  2006 ; Belin et al.  2009 ). 

 Market factors are the pressures consumers and competitors place on companies. 
Customer demands are proven drivers of fi rm behavior. Consumers are increasingly 
aware of – and concerned about – environmental threats and want to know what 
fi rms are doing about them. Several opportunities exist for the creation of products 
and services better suited to new market demands. 

 Firm-specifi c factors are mainly companies’ technological and innovative cap-
abilities, strategies, and key competencies as well as their goals for higher product-
ivity, eco-effi ciency, and other cost-reduction benefi ts (Bernauer et al.  2006 ). The 
literature generally refers to the existence of R&D activities and R&D expenditures 
as a  proxy  for technological and innovative capabilities of fi rms. 

 Pure environmental motivations are based on strong ethical values that compel 
fi rms to do the right thing, regardless of regulations or consumer pressure. These 
motivations are built on management values that encourage organizations to take 
their roles in society seriously (Bansal and Roth  2000 ). 

 Learning about the results of eco-innovations is equally important. There are 
economic effects and environmental effects resulting from eco-innovation activ-
ities. Studies on eco-innovation in the context of European fi rms have found diverse 
results, but the number of companies reporting positive economic results was higher 
than those reporting negative economic results (Arundel and Kemp  2009 ). At the 
end of the day, regardless of the environmental threats posed in their way, most 
fi rms do eco-innovate for economic reasons and economic return might be the deci-
sive point regarding eco-innovation decisions.  

   Table 7.2    Determination of eco-innovations   

 Regulations  Implementation of environment policies 
 Anticipation of environment regulations 

 Firm-specifi c factors  Cost economics 
 Better productivity 
 Innovation in organizational management systems 
 R&D activities 
 Networks and cooperation 

 Market factors  Growing consumer awareness on environmental issues 
 Expectation of increased participation in new market segments 

 Environmental concerns  Environmental concerns from companies that are “doing the 
right thing” 
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7.2.2     Cooperation for Eco-innovation 

 The concept of cooperation involves a relation between the social players and the 
notion of shared effort, convergence of objectives, and coordination at different 
levels. Cooperation, therefore, is not only an exchange of information between the 
parties. It includes economic and business relations and is seen as indispensable in 
the aggregation of value and for development (Lins  2009 ). Cooperative arrange-
ments for innovation have been studied in their various forms: socio-technical 
networks, innovation networks, innovation systems, triple helix, strategic alliances, 
open innovation, among other approaches (Ferro  2010 ). 

 Numerous studies provide evidence of the role of external sources of knowledge 
for the companies as important inputs for innovation in general (Teece  1992 ; 
Veugelers  1997 ; Hagedoorn  2002 ). The growing speed of technological change, the 
greater complexity of technical and scientifi c knowledge, and the shortening of 
technological life cycles have signifi cantly increased the costs of innovation, along 
with the speed of technology obsolescence (Hagedoorn  2002 ). It has therefore 
become unlikely that only one company or group will possess all the knowledge 
necessary for the development of a technology (Benfratello and Sembenelli  2002 ; 
Chesbrough  2003 ; Cortês et al.  2005 ). Such transformations make cooperative part-
nerships for innovation a more frequent arrangement, allowing greater access to 
knowledge along with cost reductions. 

 Studies on eco-innovations in developed countries suggest that partnerships for 
innovation are a possible positive factor for their occurrence (Belin et al.  2009 ). 
This argument is based on the fact that new regulatory instruments and also new 
technological trajectories put in question the current processes and the knowledge 
base of the company. Access to external sources (suppliers, consultants, research 
institutes, universities) is a means for the company to have contact with the new 
capabilities needed to eco-innovate (Belin et al.  2009 ; Hart  1997 ). Cooperative 
arrangements for eco-innovation also deal with the uncertainty factor, especially in 
the case of basic science or new fi elds of knowledge (Barbieri et al.  2010 ). These 
can be attenuated through innovation partnerships. 

 Another factor is also cited as favorable to the establishment of partnerships for 
eco-innovation – the fact that environmental issues involve a wide range of inter-
ested parties that go beyond the ambit of the market, such as the local community 
and activist groups (Hall and Vredenburg  2003 ), which means to say, questions 
connected to the environment create complex interactions between the company 
and the economic, social, and institutional environment in which it is inserted. As a 
consequence, eco-innovation cannot be understood as an isolated decision of the 
company (Hall and Vredenburg  2003 ), there being not infrequently pressure exerted 
by other players and even their desire to participate in the process of searching for 
environmentally positive alternatives (Hart  1997 ; Barbieri et al.  2010 ). 

 In resume, eco-innovations seem to demand to a larger extent on external sources 
of knowledge and information in order to take place (Belin et al.  2009 ). Studies 
point to a greater dependence on research undertaken by public institutions, which 
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can be explained by the greater need to access relatively recent technologies for the 
development of environmental innovation (Belin et al.  2009 ). Eco-innovation thus 
appears as a process in which knowledge and resources are distributed among the 
various players interconnected (Kemp and Foxon  2007 ).  

7.2.3     Innovation and Eco-innovation in Brazil 

 To contextualize innovation in Brazil, this section brings some statistics on the 
general innovative behavior of Brazilian fi rms. The data are based on results from 
the fourth edition of the Brazilian Innovation Survey (PINTEC), conducted in 2008 
by the Brazilian Statistics Offi ce (IBGE). 

 From a universe of more than 100,000 companies, the survey found an innova-
tion rate of 38.6 %, which means that around 40,000 fi rms stated they imple-
mented some innovation in product, process, or organizational method. Innovation 
in Brazilian fi rms is still modest when compared to rates provided by similar 
surveys from advanced countries. In Germany, innovation rates exceeded 75 %, 
and the average innovation rate of the EU-27 countries was approximately 52 % 
(Eurostat  2012 ). 

 Figures on R&D activities for innovation are also very humble: only 11.6 % 
of innovative fi rms had conducted these activities. Out of the R$54.1 billion 
Brazilian firms spent on innovative activities in 2008, only R$15.3 billion was 
on R&D, representing 28 % of all innovation expenditures (IBGE  2010 ). In 
2008, the gross expenditures on R&D in Brazil as a whole were slightly above 
1 % of GDP. In contrast, Germany spent 2.69 %, and Denmark spent 2.85 % 
(Eurostat  2012 ). 

 Among the innovative fi rms, only 10.4 % of PINTEC’s respondents have 
engaged in cooperation for innovation (IBGE  2010 ). From this small group, 63 % 
attribute signifi cant importance to relations with suppliers, 45.8 % to cooperation 
with clients or consumers, and 32.4 % to relations with universities and research 
institutes. These numbers suggest that Brazilian companies are not very keen on 
seeking external knowledge or cooperating for innovation. 

 PINTEC had no direct questions on eco-innovations. It did inquire about the 
results of fi rms’ innovations, however, and received responses that supported four 
categories of environmental results: reduction in the use of water, energy, and inputs 
and a positive environmental impact overall. Brazilian fi rms were not excelling in 
these aspects, either. Only 12.2 % of Brazilian fi rms reported a reduction in water 
consumption, 24.1 % lowered energy consumption, and 26.2 % decreased materials 
consumption. In addition, 33.1 % of industrial companies reported a positive envi-
ronmental effect from the innovation (IBGE  2010 ) (Fig.  7.1 ).

   A previous study conducted in 2012 used data from PINTEC to determine 
aspects of fi rms’ behavior that increase the probability an eco-innovation will be 
implemented (Arruda et al.  2012 ). 
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 The results indicated that systematic R&D activities contributed to eco-innovation. 
Engagement in cooperative arrangements – the use of external sources of knowledge 
for innovation – was equally positive. Patent requests or grants also increased the 
occurrence of eco-innovation. The study concluded that fi rms that use government 
programs to foster innovation also had a higher propensity for eco-innovation. 

 These results signalize that eco-innovation tends to occur in environments where 
management has a strong commitment to knowledge generation, research, develop-
ment, and innovation. Firms that lack systematic efforts and resources directed to 
the innovative process and that adopt innovations created elsewhere are less likely 
to generate positive environmental impacts. 

 In the next section, we present our methodology and a description of the survey 
fi ndings.   

7.3      Methodology 

 The empirical work is quantitative, using precise measurement to provide a repre-
sentative picture of eco-innovations in Brazil and better understand the relationships 
between the key variables set by the theoretical background. 

 The research purpose is thus both descriptive and explanatory. Due to the object-
ive of portraying a general representation of eco-innovations in Brazilian fi rms, this 
work provides an accurate description through the analysis of statistical indicators, 
obtained through a cross-sectional survey that targeted a specifi c population. Its 

Reduction of environmental impact

Reduction in use of energy

Reduction in use of inputs

Reduction in use of water

0% 5% 10%

12.2%

26.2%

33.1%

24.1%

15% 20% 25% 30% 35%

  Fig. 7.1    Main environmental impacts from innovations: results from PINTEC       
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   Table 7.3    Variables in the survey   

 Variables  Defi nition 

  Determinants  
 Regulations  Eco-innovation is driven by regulations, either existing 

or anticipatory 
 Market factors  Eco-innovation is driven by market factors, such as 

consumer pressure and market demand for greener 
products 

 Firm – specifi c  Eco-innovation is driven by fi rm-specifi c factors, such 
as the search of cost economies, productivity, 
effi ciency 

 Environmental concerns  Eco-innovation is driven by the management’s decision 
to “do the right thing” 

  Firm characteristics  
 Size  Size of the fi rm, measure by net revenues 
 Sector  Firm sector 
 R&D  If the fi rm reported having done R&D activities in the 

past year 

  Types of eco-innovation  
 Product  If the eco-innovation is a product or service 
 Process  If the eco-innovation is a production process 
 Organizational  If the eco-innovation was an organizational change 
 Technology  If the eco-innovation is a technology 

  Environmental initiatives  
 Life cycle analysis programme  The company has an LCA programme 
 Annual sustainability report  The company releases a sustainability report 
 Environmental certifi cation 

(ISO 14001) 
 The company has ISO 14001 certifi cation 

 Environmental training programme  The company has as environmental training programme 
 Water use reduction/treatment 

programme 
 The company has a water consumption reduction 

programme 
 Energy reduction programme  The company has energy consumption reduction 

programme 

(continued)

explanatory nature, on the other hand, derives from its intent of overlapping results 
of key variables and explaining their relationships (Gil  1999 ). 

 Therefore, a research that combines descriptive and explanatory lenses allows 
understanding the characteristics of certain groups we gathered data from, determin-
ing the proportion of our sample that behaves in a certain way and explains the rela-
tionships between key variables that were raised by the literature on eco-innovation. 

 In order to gather data to draw a portrait of eco-innovation in Brazil, we ran a 
survey with Brazilian fi rms. The population of this study refers to all Brazilian 
fi rms, of which a sample of 98 responded to the questionnaire. Our unit of analysis 
are eco-innovations carried out by Brazilian enterprises. The main variables used in 
the survey and described in the chapter are presented on Table  7.3 .

7 Portraying the Eco-innovative Landscape in Brazil…



126

 Variables  Defi nition 

 Environmental management 
programme 

 The company has an environmental management 
program (other than ISO) 

 Team responsible for environmental 
issues 

 The company has a team responsible for environmental 
issues 

 Waste reduction programme  The company has a waste reduction programme 

  Cooperation partners  
 Universities/research institutes  The company cooperated with universities/research for 

the eco-innovation 
 Clients/consumers  The company cooperated with clients/consumers for the 

eco-innovation 
 Competitors  The company cooperated with competitors for the 

eco-innovation 
 Other fi rms in the group  The company cooperated with other fi rms in the group 

for the eco-innovation 
 Consultancy  The company cooperated with consultancies for the 

eco-innovation 
 Suppliers  The company cooperated with suppliers for the 

eco-innovation 
 NGOs  The company cooperated with NGOs for the 

eco-innovation 

Table 7.3 (continued)

7.3.1       Sample and Data Collection 

 We base our study on an unprecedented survey, conducted from May through July 
2012, with Brazilian companies in manufacturing and services sectors. The study 
employed a stratifi ed random sample with companies of different sizes. 
Questionnaires were submitted electronically. Survey Monkey® was used to design 
the questionnaire and manage the responses; 98 companies replied. The sample was 
within the 95 % reliability interval with a signifi cance of 10 %, which was expected 
for populations between 50 and 100,000, the approximate number of large compan-
ies operating in Brazil (Rea and Parker  2005 ). 

 The survey design was based on extensive research on earlier surveys and also on 
PINTEC’s survey when similar questions were asked. The purpose of the survey 
was to provide a broader understanding of eco-innovation in Brazilian fi rms and to 
answer two main questions:

•    What are the determinants, types, and results of eco-innovation in Brazilian fi rms?  
•   What are the characteristics of eco-innovative fi rms in Brazil?    

 The questionnaire was divided into fi ve sections: (A) general company data; (B) 
general information on the innovative activities of the company; (C) objectives of eco-
innovations; (D) processes of eco-innovations; and (E) results of eco-innovations. 

 Section A contained questions on capital ownership, revenues, and share of reve-
nues obtained from exports. Firms were also asked about the importance of environ-
mental issues for their business as well as about the existence of environmental 
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management initiatives (ISO 14001, sustainability report, among others). Section B 
included questions on companies’ innovation activities, such as the amount of resources 
invested in innovation, expenditures on R&D, and the sources of funds intended for 
innovation. Section C examined the nature and occurrence of eco- innovations more 
specifi cally. Section D focused on the processes involved in eco-innovation activities, 
particularly, the sources of external knowledge used and whether cooperative arrange-
ments for innovation had taken place. Finally, Section E inquired about the results of 
eco-innovations and about possible barriers that would prevent eco-innovations from 
being successfully implemented.  

7.3.2     Characterization of the Respondents 

 We received 98 valid questionnaires from fi rms representing various economic 
sectors. Most of the sample (58 %) was composed of large fi rms with more than 500 
employees. Domestic fi rms comprised the majority of the sample (61 %); 22.4 % of 
the companies were owned by foreign capital, and 16.6 % of them had mixed capital 
ownership. The size of the fi rms in the sample was also evident in their revenues: 
73.5 % of the fi rms had revenues higher than R$20 million (approximately US$10 
million). Table  7.4  presents the sectoral distribution of fi rms.

7.4          Results 

7.4.1     Characteristics of Eco-innovators, Innovative Efforts, 
and Cooperation for Eco-innovation 

 Seventy-two percent of the 98 fi rms that responded to the survey reported the imple-
mentation of general innovations: a high percentage compared to the innovation rate 
of fi rms in PINTEC (38.6 %). Compared with the innovation rate obtained by 
PINTEC for fi rms with more than 500 employees, however, this rate was similar. As 

  Table 7.4    Distribution of the 
sample by sectors  

 Sectors  Number of fi rms 

 Services  25 
 Machinery, equipment and technology  14 
 Mining and steel  13 
 Chemicals and pharmaceuticals  6 
 Pulp and paper  4 
 Petroleum, gas and energy  10 
 Food and drink  8 
 Vehicles and parts  7 
 Construction  4 
 Textiles and clothing  4 
 Others  3 
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to the degree of novelty, 42 % of our sample fi rms reported innovations that were 
new to their companies or to the national market. 

 When we focused specifi cally on environmental impacts, we found that 63 % of 
innovative fi rms engaged in eco-innovations in 2011, or 45 % of the total sample. 
Again, the share was impressive, given eco-innovative results shown in the PINTEC 
sample, which did not exceed 30 % of innovative fi rms. A study investigating eco- 
innovation in UK fi rms found a similar share of eco-innovative fi rms in that country 
to that found by our survey (Demirel and Kesidou  2011 ). A simple explanation for 
the higher number was that fi rms interested in eco-innovation were more likely to 
answer our questionnaire. Conversely, PINTEC’s survey questioned a much larger 
sample of Brazilian fi rms, since it was sponsored and conducted by Brazil’s federal 
government and had a compulsory character. 

 Moreover, 75 % of innovative fi rms reported undertaking R&D activities – of 
which 65.4 % refers to continuous R&D efforts. This information corroborated 
the idea that companies with internal R&D activities obtain better results in 
science- based innovation (Pavitt  1984 ) and tend to generate innovations with 
higher impact. The high percentage of fi rms eco-innovating and conducting R&D 
was not coincidental. Earlier studies established a relationship between the pres-
ence of R&D activities and the occurrence of eco-innovations in Brazilian (Young 
and Lustosa  2007 ), German, and French fi rms (Belin et al.  2011 ). It is reasonable 
to expect that strong, targeted R&D efforts would engender eco-innovations. 

 Differently from PINTEC, we found that 86 % of the eco-innovative fi rms in our 
sample established cooperative arrangements to access other knowledge sources. 
Firms named universities and other research institutions as their main partners, 
followed by suppliers (Fig.     7.2 ). The literature on eco-innovations maintains that 
fi rms have a lot to gain from collaborative arrangements (Belin et al.  2011 ; Hart 

University/Research Institute

Suppliers

Consultancy

Clients/Consumers

Other firms in the group

Other

NGOs

Competitors

0%

0.0%

5.1%

7.7%

12.8%

20.5%

33.3%

0.0%

0.0%

5% 10% 15% 20% 25% 30% 35%

  Fig. 7.2    Partner in cooperative arrangements for eco-innovation       
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 1997 ). Having a variety of actors and stakeholders involved in the innovation process 
diversifi es knowledge and reduces risks, costs, and uncertainty. 

 Previous studies indicated that cooperation made eco-innovation more frequent 
(Belin et al.  2011 ; Arruda et al.  2012 ). Since eco-innovations are often linked to 
game-changing knowledge – and, consequently, subjected to greater complexity 
and uncertainty – these innovations are keener on benefi ting from cooperative 
arrangements. External partnerships widen the range of available knowledge and 
capabilities, including both tangible and intangible resources. As innovations do not 
necessarily derive from new knowledge, partnerships increase the pool of resources 
available that can be combined in different ways to generate a novelty. 

 It is also interesting to observe that NGOs are not taken as important partners for 
innovation in Brazil. While Brazil has approximately 300,000 active NGOs, the 
United States has more than 1.5 million 2  and India 3.3 million. 3  Moreover, only 
0.8 % of all Brazilian NGOs are related to environmental preservation, 4  which 
might help understand their small contribution to the eco-innovative process.

7.4.2        Types of Eco-innovations 

 Acquiring more information on existing eco-innovations was also important, in 
order to determine what categories of innovation – such as processes, products, or 
technologies – were targeted most frequently, along with their degree of novelty. 

 Organizational innovations accounted for the largest share at 36 %, mostly from the 
introduction of waste recycling, water reuse, or initiatives to reduce energy and materials 
consumption. Most times organizational innovations are not new to the world, though 
they represent different and more attractive ways to get things done by the enterprise. 

 New technologies had the second largest share, encompassing 33 % of the eco- 
innovations implemented by the sample fi rms. We were surprised by this nonintuitive 
result, since new-technology generation tends to be more radical and science-based 
than process innovation, which corresponded to 17 % of the surveyed companies. 
Finally, new products were the less representative type of eco- innovation comprising 
14 % of the total (Fig.  7.3 ).

7.4.3        Determinants of Eco-innovations 

 Exploring the determinants of eco-innovations produced some interesting results 
(Fig.  7.4 ). New-business creation was, by far, the main determinant: 23 % of 
fi rms indicated it was their key driver to eco-innovate. It seems surprising that a 

2   http://www.humanrights.gov/2012/01/12/fact-sheet-non-governmental-organizations-ngos-in-
the-united-states/ 
3   http://southasia.oneworld.net/news/india-more-ngos-than-schools-and-health-centres#.
UeSxtkI0Ib4 
4   D 
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number of fi rms were eco-innovating to create new businesses, which means they 
are generating products and technologies that can help markets to become 
greener, or that they are adding environmentally benefi cial products and tech-
nologies to their portfolios. Justifi cation for new-business creation as the key 
driver of eco-innovation was supported by the perception that environmental 
strategies are niche activities that are more knowledge-intensive than general 
innovations. This group of fi rms was of special interest because the technologies 
or products they disseminate throughout the economy could enable other fi rms to 
employ more environmentally friendly production methods. In other words, 
these fi rms’ core businesses are eco- innovations and, consequently, they approach 
environmental concerns strategically. 

 Cost reduction was the second most important determinant: 17 % of the sample 
fi rms stated it was the reason for their eco-innovation. Actually, we expected cost 
reduction to be the main determinant, a trend that would have conformed with the 
incremental approach to general innovation more frequently employed by Brazilian 
fi rms. Cost reduction was followed by brand reputation and image improvement, for 
16 % of the respondents. These qualities were critical to businesses, especially large 
fi rms in industries that degrade the environment and in an economy with increasing 
prices for environmental resources. 

 Environmental concerns, in turn, were the main determinant for only 10 % of 
eco-innovative fi rms. Reductions in waste production and energy consumption 
were the most mentioned environmental concerns. It is curious and somewhat 
worrisome that environmental concerns did not motivate many fi rms to take 
action. The behavior of the majority of the fi rms demonstrated that they are not 
adopting a proactive approach to important environmental issues or that their 
desire to eco-innovate is based mostly on traditional business goals, such as lon-
gevity, competitiveness, and profi t. A reactive approach to environmental con-
cerns, however, made it less likely for environmental strategies to become part of 
fi rms’ corporate culture. 

 Fourteen percent of companies listed regulatory compliance as their main 
determinant. Brazilian environmental law is one of the most rigid in the world, 
and the low percentage of companies listing compliance to regulations as the main 
determinant was surprising. The regulatory push was a critical factor for eco-
innovation in EU fi rms (Belin et al.  2011 ; Demirel and Kesidou  2011 ). Moreover, 
literature has discussed the role of regulations as drivers of fi rms’ competitive 
advantage by using innovation to comply with rules and decrease environmental 
threats (Porter and van der Linde  1995 ). The results from our questionnaire indi-
cated that Brazilian regulations are either diffi cult to translate into innovation 
opportunities or that Brazilian environmental laws are not tough enough to put 
fi rms onto an eco-innovative path. Possibly, fi rms in our sample were eco-innovat-
ing beyond compliance, using environmental opportunities as a way to differenti-
ate their companies in the marketplace.
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7.4.4        Results of Eco-innovations 

 Firms were also asked to report the results obtained from their eco-innovation efforts 
(Fig.  7.5 ). The most important result fi rms mentioned was value creation: the genera-
tion of additional income through the sale of eco-innovative products, services, or 
technologies. The second result obtained was a reduction in energy consumption, 
cited as the main result by approximately 15 % of our sample fi rms. Other important 
results included an enhanced reputation and decreased production costs. 

 Interestingly, most fi rms in our sample reported being engaged in extracting 
value from their eco-innovation, and for that reason they tend to conduct initiatives 
that are more prone to generate competitive gains. Therefore, outcomes, which are 
usually associated with cost reduction – such as improving effi ciency in the use of 
materials – are not among the highest results to this sample.

   In sum, two distinct groups of eco-innovative fi rms emerged from our sample. 
The fi rst group employed a reactive and limited approach to innovation, and we can 
correctly assume this group obtained limited benefi ts from their eco-innovations. 
These fi rms tend to eco-innovate as a response to regulatory demands or to pres-
sures from competitors or clients, possibly by adapting their production processes 
toward more effi cient resource use. A second group took advantage of the tremen-
dous opportunities for innovation that environmental issues generated. These fi rms 
are making high profi ts by serving emerging market demands and by creating new 
market niches with environmentally responsible products or technologies.   
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7.5     Concluding Remarks 

 The purpose of this chapter was to draw a portrait of eco-innovations in Brazil. 
Since no earlier study had consistently examined the drivers, methods, dimensions, 
and impacts of eco-innovations in Brazil, we aimed to fi ll this gap in the existing 
literature, focusing our attention on some key variables: characteristics of eco- 
innovative fi rms; the determinants, types, and results of eco-innovations; and the 
existence of cooperative arrangements for eco-innovation. 

 Our results highlight the existence of two groups according to their approach to 
eco-innovations. The largest group reactively responds to pressures from their main 
stakeholders, adapting their production processes to these new demands or as means 
of optimizing their use of natural resources (such as energy). The smallest group per-
forms radical innovations. Despite the low number of fi rms in this category, some 
patterns can be observed: they are relatively young, small, and often emerged as spin-
offs from universities. This suggests that opportunities do exist in Brazil, but not many 
fi rms are seeking radical impacts with eco-innovations. The ones that do pursue radi-
cal paths tend to be more science-based and focus on specifi c technological niches. 

 The fi ndings reveal that creating new market segments is an important driver 
of eco-innovation in the sample fi rms: a result we corroborate with theoretical 
observations that green innovations should be viewed as opportunities, rather 
than constraints to economic activity. More specifi cally, these opportunities can 
fulfi ll existing consumer demands for environmentally friendly products and 
services or create new market segments. The latter is potentially disruptive, 
since it relies more heavily on novel technological trajectories, business models, 
products, and services. 

 We should reiterate that although regulatory policies are not a main driver of eco-
innovation for Brazilian fi rms, these policies have the potential to create markets for 
environmental solutions and technologies, such as waste management – an organiza-
tional innovation often mentioned by respondents. Future governmental policies could 
shape businesses’ environmental impacts and stimulate further eco-innovations. 

 This observation supports the Porter hypothesis and the perception that environ-
mental regulations can enhance fi rms’ competitiveness by forcing them to invest in 
energy effi ciency and waste reduction and to pay more attention to their products’ 
life cycles. Findings in Brazil are similar to fi ndings from countries such as England 
and Germany, which disprove the widespread notion that weak environmental laws 
have a positive effect on countries’ competitiveness. Yes, weak laws attract multina-
tional companies unwilling to cope with strict environmental standards, but strong 
environmental legislation promotes growth by stimulating innovative behavior. 

 The evidence that eco-innovative fi rms conduct systematic, in-house R&D activi-
ties supports the prevailing theoretical description that internal R&D achieves better 
results in science-based innovation (Pavitt  1984 ), such as initiatives that involve 
environmental stewardship. Our study shows, though, that market pressures also are 
essential determinants of eco-innovation. In other words, as pointed out by Freeman 
( 1979 ) for general innovation, eco-innovations also result from complex and nonlin-
ear dynamics that are infl uenced by both market and technological aspects. 
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 More than 85 % of eco-innovative fi rms participate in cooperative arrangements for 
innovation, a statistic that refl ects the increased complexity of the knowledge required 
for eco-innovation. As suggested by Belin et al. ( 2009 ), innovations with positive envi-
ronmental outcomes seem to demand to a larger extent on external sources of knowl-
edge and information in order to take place. Public universities and research institutes 
are the main partners, suggesting that eco-innovation in Brazil might be science-inten-
sive and that Brazilian universities are national benchmarks in environmentally related 
studies. This is consistent with evidences raised by Belin et al. ( 2009 ) suggesting 
greater dependence on research undertaken by public institutions. Suppliers are also 
important partners to eco-innovate, signalizing that eco- innovations have the potential 
of stimulating changes in the value chain of eco-innovators. 

 Regarding the nature of Brazilian eco-innovations, the research observed that 
most of them are organizational. This means that most fi rms are improving their 
initiatives in order to cut costs by optimizing the use of natural resources (such as 
energy and water) and minimizing environmentally hazardous outputs (as waste 
and emissions). These types of eco-innovation are consistent with the characteris-
tics of the major group within our sample: fi rms generating incremental results. 
New technologies had the second largest share, due to the existence of a group that 
performs radical innovation, seizing competitive gains through exploring latent 
opportunities. These two types of eco-innovations are also consistent with their 
most cited results: market factors, such as value creation, and fi rm-specifi c factors, 
as reduction in use of energy. 

 Finally, we want to reemphasize that our study was limited to 98 companies. 
Although our sample included enterprises of different sizes and from different sec-
tors, it is not representative of the entire Brazilian business landscape. We believe 
that the sample helps us to increase our understanding of eco-innovation determin-
ants and profi les of eco-innovators, but it does not allow us to generalize our fi nd-
ings or to apply them to all Brazilian fi rms. Nevertheless, studies mapping key 
variables related to eco-innovations are essential to subsidize public policies aiming 
at fostering a more innovative and environmentally benefi cial landscape, also stimu-
lating academic debates on an important topic to address issues on sustainable 
development. Our work analyzes descriptive results from the sample companies; 
further quantitative studies would enable us to better comprehend the variables and 
their interconnections.     
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    Abstract     This chapter sought to identify an organizational taxonomy through the 
reactive and proactive eco-innovation strategies adopted by fi rms in the Brazilian 
cellulose, paper, and paper products sector. The taxonomy was the result of a cluster 
analysis and an analysis of the frequency of internal and external contextual factors 
in the organization in each cluster. The quantitative empirical approach was used, 
through a cross-sectional survey. Data collection was conducted using a question-
naire answered by 117 fi rms in the sector. The data were mostly analyzed using 
analysis of variance (ANOVA) and Tukey’s test. The analysis was conducted using 
an  eco-innovation strategies  construct composed of 13 variables, with a later analysis 
of the impact of 28 variables composing six structures of contextual factors. Among 
the main results was the defi nition of taxonomy for the fi rms in the sample that was 
identifi ed through their eco-innovation strategies. They were defi ned as reactive, 
indifferent, proactive, or eco-innovative organizations. This taxonomy was defi ned 
from the eco-innovation strategies and their contextual factors, which we consider 
to be an advance in the literature on this theme.  
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8.1         Introduction 

 Many aspects of environmental sustainability have been debated in academia in 
recent decades in a wide range of fi elds of knowledge, with concerns being raised 
over the environment. Meanwhile, the theme of innovation has focused strictly on 
economic concerns, such as competitiveness and demand pressures. There have 
been obstacles to incorporating the inherent processes of these phenomena as envir-
onmental management in the context of innovation and innovation management 
supported by the assumptions of the environmental fi eld. 

 This line of study deals with eco-innovations, which are innovations that stress 
sustainable development. Throughout their lifecycle, they focus on reducing environ-
mental risk, pollution, and other negative impacts that stem from the use of resources 
compared with alternative uses (Arundel and Kemp  2009 ; Rennings  1998 ). 

 Authors who study this theme point out that there have been relatively few 
studies and actions that focus on the overlapping of innovation and environmental 
sustainability. This results in theoretical, methodological, and political uncertainty 
in terms of implementation and management (Andersen  2006 ,  2008 ; Andrade  2004 ; 
Arundel and Kemp  2009 ; Baumgarten  2008 ; Maçaneiro and Cunha  2010 ; Maçaneiro 
 2012 ). Therefore, this fi eld is classifi ed as one that has not been widely explored, 
especially in Brazil, but which has been attracting growing attention in the inter-
national literature, especially in the European Union and the United States. 

 Blackburn ( 2008 ) claims that environmental management programs are not always 
given due consideration by fi rms and are often not included in their essential strategies. 
The matter is considered more as a way out in reaction to activists, the media, and 
environmental regulatory agencies. When this happens, fi rms perceive environmental 
management as a risk, in terms of cost, that can also harm their reputation, sales, and 
growth. Other authors have corroborated this point of view, including Foxon and 
Andersen ( 2009 ), Lustosa ( 1999 ), Nidumolu et al. ( 2009 ), Romeiro and Salles Filho 
( 1996 ), and Young et al. ( 2009 ). They point out that fi rms believe that the additional 
costs of handling environmental matters will be high and that these costs are a threat 
to their survival, making them less competitive. In many cases, this issue is not 
handled as a proactive business strategy but rather as a reactive strategic action. 

 However, environmental matters should be viewed by fi rms as a stimulus for 
innovation and technological, economic, and competitive opportunities, which are 
proactive strategies. Managerial knowledge and attitudes to technological changes 
and environmental concerns should be encouraged by environmental regulations. 
In other words, regulations should spur fi rms to innovate, and fi rms should see this 
pressure as a chance to improve productivity and competitiveness (Ansanelli  2003 ; 
Ashford  2000 ; Porter and van der Linde  1995 ). 

 In addition to regulations, other contextual factors have an impact on eco- innovation 
strategies and consequently on the environmental performance of organizations. 
These factors are linked to the internal and external environment of fi rms, including 
government incentives and the effects of a fi rm’s local reputation. They also include 
how it is viewed as part of its sector and in terms of market conditions that affect the 
organization’s image. There are also internal organizational factors. Taking internal 
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and internal factors into account is crucial for a fi rm’s competitiveness because it 
enables it to defi ne realistic proactive strategies. According to Menguc et al. ( 2010 , 
p. 280), “Both the internal and external perspectives […] are complementary and 
capture the extent of a fi rm’s social performance and responsiveness.” Nevertheless, 
Sharma et al. ( 2007 , p. 269) claim that “even with the evidence accumulated over 
the last decade that proactive environmental strategies are likely to be accompanied 
by improved fi nancial performance, we still lack a well- developed understanding of 
why only some fi rms in an industry implement such strategies.” 

 In this sense, it is important to analyze the drivers of eco-innovation strategies 
and the factors that compose them in order to verify the relevance of these drivers in 
the defi nition of organizational strategies. It is also important to defi ne an organiza-
tional taxonomy in terms of the adoption of eco-innovation strategies, which 
remains a gap in the literature. To view these issues, we decided that this study 
would be conducted at fi rms in the cellulose, paper, and paper products sector in 
Brazil. The activities of this sector are potentially highly polluting and use natural 
resources, as stated in the law that enacted the Brazilian National Environmental 
Policy (Brasil  1981 ). 

 According to Schmidheiny ( 1992 ), global demand for industrial wood rose 
gradually with industrialization in developed and developing countries. This led to 
a tendency to use reconstituted wood (particleboard and pressed wood) and wood 
fi ber products instead of solid wood. In the paper industry, there was also concern 
over environmental issues. In the European Community, 50 % of the paper used in 
the 1990s was already made of recycled fi ber. According to Miles and Covin ( 2000 ), 
the American forest products industry has shown an interest in environmental 
activities due to factors that affect its marketing and fi nancial performance. This 
industry has developed major initiatives that encourage responsible environmental 
management. This has improved the reputation of the industry in terms of credibility, 
integrity, reliability, and responsibility. 

 In the case of Brazil, according to Juvenal and Mattos ( 2002 , p. 1), this industry 
is internationally competitive and has an “[…] extremely advanced technological 
base that is capable of ensuring constantly increasing productivity.” The Brazilian 
Association of Cellulose and Paper (Bracelpa  2012 ) points out that the sector is 
among the largest producers of cellulose and paper in the world. In 2010, Brazilian 
production was 14,164,369 t of cellulose, putting Brazil in fourth place in the world, 
behind only the United States, China, and Canada. In terms of paper, Brazil was in 
tenth place, with a total of 9,843,747 t in 2010. 

 The technological development of this sector in Brazil grew in leaps and bounds 
beginning in the 1950s, with investments in improving technologies and mature 
processes. According to Barbeli ( 2008 , p. 108), “the production of paper and cellulose 
was constituted in a contextualized activity in a highly competitive and widely 
globalized market, whose production plants resort to relatively consolidated 
technological processes.” Therefore, this industry developed sophisticated technology 
related to forests and achieved certifi ed quality levels. Juvenal and Mattos ( 2002 ) 
highlight that the Brazilian cellulose and paper industry is currently supplied 
exclusively by planted forests, meaning high industrial yields and returns and 
guaranteeing low costs. 
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 In this sense, eco-innovation in the sector has been constituted as an essential 
factor to its development due to the competitiveness of the sector, demands from 
clients, and strong competitors. Furthermore, when it comes to environmental 
aspects, as this is a Brazilian sectors that mostly deals in exports, this helps it to 
adapt to international environmental standards as a strategic factor (Serôa da 
Motta  1993 ). Nevertheless, the sector emits an excessive amount of nitrogen oxide, 
in addition to a high rate of organic loading and sulfur dioxide. This means that in 
this sector “[…] showing positive characteristics regarding environmental impact 
has become an increasingly important competitive element” (Romeiro and Salles 
Filho  1996 , p. 106). According to Juvenal and Mattos ( 2002 , p. 18), the Brazilian 
cellulose, paper, and paper products sector “[…] has incorporated the most rigorous 
standards. In addition to the adaptation of industrial units, paper recycling has 
reached a level of approximately 45 %.” 

 These mean that this sector is an important subject to study and highly relevant 
to the development of the country. Therefore, the purpose of this chapter is to identify 
an organizational taxonomy from the proactive and reactive eco-innovation strate-
gies adopted by fi rms in the Brazilian cellulose, paper, and paper products sector, 
resulting in a cluster analysis and an analysis of the impact of internal and external 
contextual factors on the organizations in each cluster.  

8.2     Reactive and Proactive Eco-innovation Strategies 
in Environmental Management 

 The concept of eco-innovation is relatively new, stemming from recent debates and 
concerns over environmental impacts. The term eco-innovation itself was used for 
the fi rst time by Fussler and James in their book  Driving Eco-Innovation , published 
in 1996. It is defi ned as the production, application, or exploitation of a good, ser-
vice, production process, organizational structure, management, or business method 
that is new to a fi rm or user. The results, during its lifecycle, are a reduction in 
environmental risks, pollution, and the negative impacts of the use of resources in 
comparison with their corresponding alternatives (Kemp and Foxon  2007 ; Arundel 
and Kemp  2009 ; Rennings  1998 ). According to Könnölä et al. ( 2008 , p. 3), “While 
it is namely environmental impacts that defi ne eco-innovation, economic and social 
impacts play a crucial role in its development and application and hence determine 
its diffusion path and contribution to competitiveness and overall sustainability.” 

 Reid and Miedzinski ( 2008 ) highlight that eco-innovation can be considered as 
every type of innovation that leads to the use of fewer resources and less energy in 
the extraction of material and the manufacture, distribution, reuse, and recycling of 
a product 1  and its disposal, as long as resources are less intensely used in terms of a 

1   “Reuse means reusing materials and conserving their original properties or characteristics even 
after they have been used for an identical or similar use, as is the case of returnable packaging. 
Recycling is the transformation of residuals into new raw materials, involving the collection, 
processing and trade of residuals” (Barbieri  2002 , p. 43). 
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product’s lifecycle. Furthermore, Rennings ( 1998 , p. 5) claims that “Eco-innovations 
can be developed by fi rms or non-profi t organizations, they can be traded on markets 
or not, their nature can be technological, organizational, social or institutional.” 
Technologies can be either curative or preventive, with the former repairing damage 
to the environment and referred to as end-of-pipe solutions. 2  The latter attempt to 
avoid damage and are known as cleaner production solutions 3  and are part of a 
broader approach. Organizational eco-innovations are those changes in manage-
ment instruments (eco-audits) and innovations in services (management of energy 
demand and management of the transport of residuals). These require new infra-
structure and changes to the system that go beyond changes to a given technology. 
Social eco-innovations, meanwhile, are expressions of sustainable consumption 
patterns, which have attracted increasing attention and are considered as changes in 
the values of people and their lifestyles, shifting towards sustainability. Finally, 
institutional eco-innovations are innovative institutional responses to problems 
of sustainability, such as local networks and agencies, global governance, and 
 international trade. 

 Arundel et al. ( 2003 ) add that eco-innovation can be considered technical when 
it comes to new equipment, products, and production processes and organizational 
when it comes to structural changes within the organization to institute new habits, 
routines, and guidelines for the use of tools and environmental programs or it can be 
used as a business strategy. “Successful environmental innovation may often require 
both technical and organizational change” (Arundel et al.  2003 , p. 325). From the 
moment when eco-innovations become integral parts of the corporate strategy of 
fi rms, solutions cease to be end-of-pipe and shift towards becoming preventive. 

 When curative technologies are used in an industrial system, damage is reduced 
but costs are high because equipment to control pollution is unproductive and may 
not reduce social costs (Hart  1995 ; Barbieri  2002 ). Nevertheless, technologies that 
prevent pollution are innovations that lower pollution levels and result in improved 
quality, performance, safety, and lower costs, with products having a higher resale 
value and being more likely to be recycled or reused. 

 In short, in this study eco-innovation is understood as an  innovation that consists 
of changes and improvement in environmental performance within the dynamic of 
the greening of products, processes, business strategies, markets technologies, and 
innovation systems. In this context it is defi ned by its contribution to the reduction 
of environmental impact of products, services, and organizational processes . 

 It is in this context of eco-innovation that fi rms adopt different ranges of strategies 
to handle environmental issues, such as reactive and proactive strategies. Barbieri 
( 2007 ), Sharma ( 2000 ), and Sharma et al. ( 1999 ) defi ne reactive strategies as results 

2   End-of-pipe technologies are solutions that aim only to control pollution that has already been 
produced and come into play at the end of the production process, with no other substantial change 
in the lifecycle of the product (Barbieri  2002 ; Lustosa  2003 ). 
3   “Cleaner production is a wider approach to protecting the environment as it operates throughout 
all the phases of the manufacturing process and lifecycle of a product, including its use at home 
and in the workplace” (Barbieri  2002 , p. 40). 
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in the form of actions for complying with regulations, i.e., they are actions that are 
externally imposed through environmental legislation. These strategies are nothing 
more than making sure that fi rms comply with legislation by controlling pollution. 
They invest in corrective technologies to resolve problems at the end of the production 
process, i.e., end-of-pipe technologies. This does not require a fi rm to develop skills 
or abilities for producing new technologies or new environmental processes. 

 Firms that employ reactive strategies do not view environmental management as 
a priority. They invest only to comply with environment regulations. These are 
viewed as an institutional restriction and even a threat in the form of additional 
costs. They are not viewed as an opportunity to improve managerial practices. 
Furthermore, the involvement of the top management in this aspect of the business 
is merely sporadic, as their environmental actions are confi ned to the causes of pollution 
(Barbieri  2007 ; Buysse and Verbeke  2003 ).

  From a business point of view, this approach means higher production costs that do not add 
any value to the product. They are also hard to reduce because they are legal requirements. 
[…] If these costs are added to the price of the end product, this type of solution is also of 
no interest to consumers. Understanding environmental concerns as an additional cost for 
fi rms and consumers is one of the most deeply ingrained business paradigms and is an 
obstacle to businesses becoming more active in the search for a solution to these problems. 
[…] From a business viewpoint, solutions that only seek to control pollution are fundamental, 
but insuffi cient. (Barbieri  2007 , pp. 121–122) 

   On the other hand, proactive strategies are voluntary actions that reduce the 
environmental impact of operations, creating a competitive advantage by adopting 
eco-innovative technologies. These innovations are defi ned as environmental 
strategies for the  prevention of pollution  or  voluntary strategies , which require the 
acquisition of new technologies, involving greater learning and the development 
of competitive organizational skills. In this case, the actors view environmental 
issues as an opportunity for competitive gains (Aragón-Correa  1998 ; Barbieri  2007 ; 
Sharma et al.  1999 ). 

 “In addition to monitoring and preventing pollution, the fi rm seeks market advan-
tages and to neutralize threats resulting from existing environmental issues or those 
that might occur in the future” (Barbieri  2007 , p. 125). Thus, fi rms construct chains 
of sustainable values by creating environmentally friendly products and services. 
They concentrate on reducing the consumption of nonrenewable and renewable 
resources, extending this idea from the factory and offi ces to the value chain. They 
also come to understand the concerns of consumers and check their sources of 
raw materials and distribution in partnership with nongovernmental organizations. 
The organizations acquire the necessary skills to understand how renewable and 
nonrenewable resources affect the ecosystems of business and industry, combining 
business models, technologies, and regulations in different industries. This ends 
up reducing costs and even creating new sustainable business models, leading to 
new forms of distribution and providing value to clients, which will all change the 
competitive base. This is where paradigm shifts occur in relation to environmental 
protection, resulting in the adoption of eco-innovations (Nidumolu et al.  2009 ). 
“The prevention of pollution increases a fi rm’s productivity because fewer pollutants 
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at the source mean resources saved, which enables the production of more goods 
and services with fewer inputs” (Barbieri  2007 , p. 122). 

 The consequences of opting or not opting to manage eco-innovation mean a 
place among the competition or remaining in or leaving the market. Nowadays, 
amidst the aspects linked to the management of eco-innovation, fi rms should cease 
to consider environmental protection a legal requirement punishable by fi nes and 
sanctions. In this new scenario, this issue has become part of the organizational 
strategies for identifying threats and opportunities (Donaire  2007 ). For this purpose, 
organizational processes are needed that require a diversity of resources and consid-
erable efforts on the part of entrepreneurs to make them sustainable.  

8.3     Methodological Procedures 

 The study used a quantitative empirical approach, employing a cross-sectional 
survey conducted at 117 fi rms in the Brazilian cellulose, paper, and paper products 
sector. The data collection instrument was a self-administered computerized 
questionnaire (Hair et al.  2005 ), which was forwarded by the Internet using the 
Qualtrics® system. It was modeled in the form of an opinion poll, with the questions 
inquiring as to the perception of the respondents using a balanced 5-point scale 
with a neutral option, in the same style as the Likert scale. The content validity of 
the questionnaire was pretested by three specialist professors. It was also pretested 
with three managers in charge of environmental management of fi rms in the sector 
and two university professors in the fi elds of strategy and sustainability. The data 
were collected between July and October 2012. 

 The sampling for the research was defi ned as non-probabilistic (not random), in 
that the probability of the elements of a population being chosen is not the same. 
Therefore, the sample was defi ned by willingness to participate, in that certain 
people were invited to complete the questionnaire but could decide whether or not 
they were willing to take part in the study (Cooper and Schindler  2011 ). From a 
total population of 3,147 companies in the sector (IBGE  2010 ), we had access to the 
e-mail addresses and telephone numbers of 672 companies from all over Brazil. The 
data collection instrument was forwarded to these companies, with a response 
rate of 17.4 %. 

 Prior to the data analysis, the initial step was to validate and cleanse the data 
to eliminate possible fl aws and distortions resulting from errors made during the 
completion of the questionnaire and verify missing values in the responses and 
outliers. For this purpose, an analysis was made of each variable per construct, 
using a Boxplot. No outliers were detected among the responses and neither were 
there missing values within the questions as the electronic system in use does not 
allow respondents to leave questions unanswered. What did happen was that some 
questionnaires were not fi nalized, with the respondents abandoning them and leaving 
them incomplete. These questionnaires were discarded, leaving a total of 117 valid 
questionnaires. 
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 To verify the national representativeness of this composition, we analyzed the 
participation of companies in the  Pesquisa Industrial Anual  (PIA) of the IBGE ( 2010 ). 
Specifi cally, we performed a chi-square (goodness of fi t) test to assess whether 
the frequency of the sample by Brazilian state is statistically representative of the 
overall population (Maroco  2003 ). The results are presented in Table  8.1 .

   The PIA comprised 3,147 companies, which resulted in the expected numbers 
after performing the chi-square (goodness of fi t) test (see Table  8.1 ). Thus, it was 
possible to compare the number of sample fi rms by region and to infer that the 
sample was representative, since we obtained a signifi cance level above 0.05, 
indicating no statistically signifi cant differences (Hair et al.  2005 ). 

 In terms of size, the majority of responding organizations (45 %) are medium- 
sized, according to the Sebrae ( 2012 ) criterion. Another signifi cant proportions are 
small (34 %), followed by large (17 %) and microenterprises (4 %). The character-
ization of sample fi rms can be summarized as follows: most are of Brazilian origin 
(97 %) and they are controlled by domestic capital exclusively (80 %). The mean 
time in existence is 36 years, and they operate in the domestic market only (63 %). 
Survey respondents mostly work in managerial positions (66 %) and have worked 
for the fi rm for a mean of approximately 10 years. 

 The respondents to whom the instrument was forwarded were responsible for the 
environmental management area/sector/division or similar department at their fi rms 
and were either managers, directors, or owners. Of the respondents, 30 % are directly 
employed in positions related to the environmental area of the fi rm, 36 % hold admin-
istrative positions, 20 % hold positions in quality and R&D, and 14 % work in produc-
tion. In general, of the total number of respondents, 66 % hold directors’ or managerial 
positions in these different areas of their organizations, which increases the quality of 
the data collected for this study. Furthermore, the respondents have been at their com-
panies for an average of 10 years, which can be considered a signifi cant period of time 
for the respondents to garner the necessary knowledge regarding the fi rm to complete 
the questionnaire. 

 The main techniques used for the data analysis were cluster analysis techniques, 
analysis of variance (ANOVA), and Tukey’s test. These analyses were conducted 
from a construct denominated  eco-innovation strategies , composed of 13 variables, 

    Table 8.1    Representativeness    of sample companies (Data from fi eld research, 2012, and IBGE  2010 )   

 Region 

 Companies included in the PIA  No. of sample 
companies  Residual  No. of existing  No. of expected 

 Southeast  1,828  68.0  70  2.0 
 South  881  32.8  39  6.2 
 Northeast  291  10.8  4  −6.8 
 North  42  1.6  2  0.4 
 Midwest  105  3.9  2  −1.9 
 Total  3,147  117 

 Statistical signifi cance according to the chi-square test ( p  > 0.05)  = 0.159 
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with the later analysis of the incidences of 28 variables that made up six constructs 
of contextual factors. These sets and variables will be presented in the following 
section.  

8.4     Composition of the Constructs and the Constitutive 
and Operational Defi nitions of the Variables of the Study 

 The  eco-innovation strategies  construct was divided into  proactive strategies  and 
 reactive strategies . For the constitutive defi nition of this construct, it was considered 
that “fi rms with a reactive strategy attach high importance to government regulation, 
but only in a static sense, as an almost mechanistic and daily routine-driven 
response to new regulatory requirements” (Buysse and Verbeke  2003 , p. 460). These 
are expensive and normally unproductive processes that refl ect a reactive and selective 
posture regarding environmental issues, basically with end-of-pipe technologies. 
The fi rm “[…] centers its attention on the negative effects of its products and processes 
through point solutions. […] seeking to control pollution without signifi cantly altering 
the processes and products that produce it […]” (Barbieri  2007 , p. 118). 

 Proactive strategies, on the other hand, are voluntary actions that seek to lower 
pollution and other environmental impacts of a fi rm’s operations with the support 
of the upper management and at the same time create a competitive advantage by 
adopting innovative environmental technologies. These actions are defi ned as 
 prevention of pollution  or  voluntary strategies . They require the installation of new 
technologies and involve constant learning and the development of competitive 
organizational skills and improved total quality of the organization. These strategies 
are seen in a competitive light, and the term is used to describe innovating activities 
for the prevention of pollution (Buysse and Verbeke  2003 ; Hart  1995 ; Menguc et al. 
 2010 ; Sharma  2000 ; Sharma et al.  1999 ). 

 For the operational purposes of this study, the development of eco-innovative strate-
gies was determined through variables that composed the  eco-innovation strategies  
construct, based on the literature, as shown in Table  8.2 . Thirteen variables were 
included in this question, using a 5-point Likert scale, that varied from  I totally disagree  
to  I totally agree . The mean of the fi rst fi ve variables composed the reactive strategies 
construct and the mean of the others composed the proactive strategies construct.

   The literature contains a series of factors that can affect the formulation and type 
of environmental strategy adopted by organizations, which impact each reality dif-
ferently. In this study, six constructs of contextual factors for the organizations were 
used, including internal and external factors – (1) external factors:  environmental 
regulation , the  use of environmental and innovative incentives , and  reputational 
effects  and (2) internal factors:  top management support ,  technological competence , 
and  environmental formalization . It should be emphasized that to conduct this study, 
these factors were defi ned in constitutive and operational terms for the composition 
of the research variables, based on the literature under study. 
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 The  environmental regulation  instruments are those defi ned as legal norms 
regarding environmental performance, such as command and control. There are 
also economic instruments, which affect costs and consumption, in addition to 
self-regulation by fi rms or industrial sectors (Schmidheiny  1992 ). More specifi cally, 
government actions concerning environmental issues are structured in different ways 
in terms of regulations of command and control, incentives, and subsidies (Kanerva 
et al.  2009 ). 

 To measure this construct, four variables were used, as shown in Table  8.3 . A 
5-point balanced scale with a neutral option was used, with the degree of relevance 
varying from very small to very large. The mean of the fi rst two variables composed 

   Table 8.2    Variables employed to measure the  eco-innovation strategies  construct   

 Variable 
  Question : Using the following options, evaluate the degree of 
development in your fi rm concerning environmental strategy 

 Reactive 
strategies 

 Var01  The fi rm is only concerned with pollution at the end of the production 
process, using remediation techniques such as the decontamination 
of damaged soil 

 Var02  The fi rm only acquires end-of-pipe technologies to deal with pollution 
before it enters the environment, such as sewage treatment plants, 
electrostatic precipitators, incinerators, and air pollution control 
equipment 

 Var03  The fi rm invests in environmental actions only to comply with 
environmental legislation 

 Var04  The fi rm invests in environmental technology and actions only to solve 
problems with activists and the media 

 Var05  The fi rm views environmental management as an additional cost that 
can harm the growth of business 

 Proactive 
strategies 

 Var06  The fi rm uses marketing resources to handle environmental 
management 

 Var07  The fi rm develops environmental strategies in its administrative work 
(recycling paper, use of recycled materials, reduced use of material, 
etc.) 

 Var08  The fi rm uses environmental action in production (minimizing 
residuals, use of renewable energy, reuse of water, safe treatment 
and disposal of dangerous residuals, reduced CO 2  production, reuse 
of raw material, etc.) 

 Var09  The fi rm conducts regular environmental audits 
 Var10  The fi rm conducts an environmental analysis of the lifecycle of its 

products 
 Var11  The fi rm has partnerships/agreements with other fi rms/institutions for 

environmental actions 
 Var12  The fi rm has or makes possible environmental training programs for its 

managers and employees 
 Var13  The fi rm has a system to prevent environmental accidents 

  Source: Prepared by the authors, based on Aragón-Correa ( 1998 ), Barbieri ( 2007 ), Blackburn 
( 2008 ), Buysse and Verbeke ( 2003 ), Caracuel et al. ( 2011 ), Donaire ( 2007 ), Foxon and Andersen 
( 2009 ), Fussler and James ( 1996 ), Nidumolu et al. ( 2009 ), Sharma ( 2000 ), Sharma et al. ( 2007 ), 
and Sharma et al. ( 1999 )  
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the  regulation viewed as a cost/threat  construct, and the mean of the other two 
composed  regulation viewed as an opportunity . The mean of these constructs was 
translated to the  environmental regulation  construct.

   In contextual factor  use of environmental      and innovative incentives , these incen-
tives were considered as being defi ned in economic terms, supporting the incor-
poration of innovative and environmental technology in the organizations, and 
stimuli/restrictions on the private appropriability of the benefi ts of innovation, as 
measures to support technological innovation linked to the development, diffu-
sion, and effi cient use of new technologies and as incentives for support 
(Cassiolato and Lastres  2000 ; Dosi  1988 ). 

 To verify whether the fi rms in the study had ever contemplated any incentive for 
environmental innovation, they were asked the question in Table  8.4 , with fi ve variables 
and a 5-point scale with a neutral option, varying from  very small  to  very large .

   Table 8.3    Variables employed to measure the  environmental regulation  construct   

 Variable 

  Question : Using the options below, evaluate the degree of 
relevance in your fi rm of environmental regulations/legislation 
for each of the following variables 

 Cost/threat  Var14  Acquisition of technology to control pollution at the end of the 
production process 

 Var15  Increased cost through fi scal and/or administrative sanctions due 
to responsibility for environmental damage, resulting in a 
threat to business growth 

 Opportunity  Var16  The development or acquisition of new products/processes/
innovative technologies to prevent pollution, involving 
constant learning and developing organizational skills 

 Var17  Regulation helps to guide the fi rm and helps it innovate, learn, 
and change its practices, with pressure to do so being seen as 
an improvement in productivity and competitiveness 

  Source: Prepared by the authors, based on Almeida ( 2010 ), Ansanelli ( 2003 ), Ashford ( 2000 ), 
Blackburn ( 2008 ), Buysse and Verbeke ( 2003 ), Hart ( 1995 ), Nidumolu et al. ( 2009 ), Porter and 
van der Linde ( 1995 ), Sharma ( 2000 ), and Sharma et al. ( 1999 )  

   Table 8.4    Variables employed to measure the  use of environmental and innovative incentives  
construct   

 Variable 
  Question : Using the options below, evaluate the degree of relevance of resources 
effectively obtained by the fi rm for environmental and innovative purposes 

 Var18  Nonrepayable government grants 
 Var19  Long-term government funding with special interest rates below the fi nancial market 

rates (repayable) 
 Var20  Government support for the use of risk capital 
 Var21  Tax benefi ts for innovation and/or ecological products 
 Var22  International funding from investment funds for fi nancing from international 

organisms and agencies 

  Source: Prepared by the authors, based on Finep ( 2012 )  
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   For the constitutive defi nition of the  reputational effects  construct, the work of 
Miles and Covin ( 2000 ) was referenced. To these authors, the reputation of a fi rm is 
translated into the perception of its most important stakeholders such as the owners, 
society, and the local and even international community, including current and 
future generations, clients, employees, suppliers and strategic partners, government 
agencies, banks, and other creditors and NGOs. Furthermore, Carrillo-Hermosilla 
et al. ( 2009 ) highlight that the main external factors pertaining to matters of effect 
of reputation that can have an infl uence are information and relationships with 
the supply chain and other stakeholders such as end consumers and public clients, 
environmental performance of competition to maintain competitiveness, relationships 
with business associations and NGOs that are sources of indirect and direct pressure 
regarding the development and adoption of eco-innovations, and social awareness, 
since civilian society can infl uence the adoption of environmental measures. 

  Reputational effects  were measured using the question in Table  8.5 , with six 
variables using a balanced 5-point scale with a neutral option ranging from  very 
small  to  very large .

   In the  top management support  construct, the study considered that “[…] leaderships 
subject to a more high-pressure external context with greater demands and opportunities 
concerning environmental issues tend to perceive more frequently that the environment 
plays a relevant role in fi rm business” (Souza  2004 , p. 251). In this sense, key behaviors 
by the top managers include aspects such as capacity for management, authority, and 
infl uence to allocate adequate resources to environmental issues and defi ne long-term 
environmental programs and policies. They also include obtaining the commitment and 
involvement of employees, rewarding them on environmental issues, including the 
involvement of stakeholders, the publication of environmental performance on the 
fi rm’s image, and the support of interested parties (Berry and Rondinelli  1998 ). 

 The  top management support  was measured in the question posed in Table  8.6 , 
which was formulated with four variables. A 5-point balanced scale was used, with a 
neutral option, which varied from a  very small  to a  very large  degree of relevance.

   Table 8.5    Variables employed to measure the  reputational effects  construct   

 Variable 
  Question : In the options below, evaluate the degree of relevance of each factor/agent 
on the fi rm’s actions to improve its image where environmental issues are concerned 

 Var23  Relationship with the supply chain (suppliers) 
 Var24  Conscious end consumers, industrial clients, and public clients 
 Var25  Relationships with environmental NGOs, business associations, media, or members 

of movements that aim to improve the environment or raise the environmental 
awareness of society 

 Var26  Environmental performance of competitors 
 Var27  Demand from investors to maintain profi tability 
 Var28  Image in the eyes of more environmentally aware collaborators 

  Source: Prepared by the authors, based on Barbieri ( 2007 ), Buysse and Verbeke ( 2003 ), Camara 
and Passos ( 2005 ), Carrillo-Hermosilla et al. ( 2009 ), Donaire ( 2007 ), Nidumolu et al. ( 2009 ), and 
Passos ( 2003 )  
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   The  technological competence  construct was based on the idea that this is one 
of the factors that form the bases for adopting a proactive environmental strategy. 
This is because it enables high organizational skills such as learning, continuous 
innovation, and experimentation (Menguc et al.  2010 ), i.e., technological competence 
means the capacity to absorb, mainly as the result of innovation through investments 
in R&D (Cohen and Levinthal  1990 ). 

  Technological competence  was measured by the question in Table  8.7 , including 
four variables with the use of a 5-point Likert scale, ranging from  I totally disagree  
to  I totally agree .

   The last construct was defi ned as  environmental formalization , in which the 
impacting factors are those related to internal organizational structures for the adop-
tion of organizational innovations to support eco-innovation (Kemp and Arundel 
 1998 ; Carrillo-Hermosilla et al.  2009 ). One of the important matters is the inclusion 
of functions, activities, authority, and specifi c responsibilities for handling environ-
mental issues, enabling the dissemination of ideas to members of the organization 
at all levels and forming a formal fi rm commitment (Donaire  1996 ,  2007 ). 

  Environmental formalization  was measured by the question in Table  8.8 , formu-
lated with fi ve variables, using a 5-point Likert scale, with responses varying 
between  I totally disagree  and  I totally agree .

   With these constructs having been defi ned, the next step was data collection and 
analysis, as presented in the following section.  

   Table 8.6    Variables employed to measure the  top management support  construct   

 Variable 
  Question : Using the options below, evaluate the degree of relevance of the top 
management when defi ning the following variables 

 Var29  The upper management believes it is fundamental to handle environmental issues 
and have environmental programs and policies 

 Var30  The leaders of this organization have a policy to reward employees for environmental 
improvements 

 Var31  Organizational resources are earmarked for environmental initiatives 
 Var32  The leaders see the environment as highly strategic 

  Source: Prepared by the authors, based on Berry and Rondinelli ( 1998 ), Camara and Passos ( 2005 ), 
Donaire ( 1996 ), Menguc et al. ( 2010 ), Passos ( 2003 ), and Souza ( 2004 )  

   Table 8.7    Variables employed to measure the  technological competence  construct   

 Variable 
 Question: Use the options below to evaluate to what extent the fi rm answers the 
following descriptions 

 Var33  The fi rm is considered the fi rst to introduce new technologies and new products 
in the sectors 

 Var34  The fi rm has human resources to develop eco-innovations 
 Var35  It has the conditions to install and adapt to the adoption of new environmental 

technologies 
 Var36  The fi rm is engaged in collaborating with other institutions/organizations, forging 

strategic relationships and alliances 

  Source: Prepared by the authors, based on Carrillo-Hermosilla et al. ( 2009 ), and Menguc et al. ( 2010 )  
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8.5     Cluster Analysis and Defi nition of Organizational 
Taxonomy 

 To identify which eco-innovation strategies are used by the fi rms in the study and 
group them in accordance with their common characteristics (creating taxonomy), 
the multivariate cluster analysis technique was used. This analysis was initially 
employed to measure the clusters of firms for the  eco-innovation strategies  
construct, for inclusion in a taxonomy. The fi rst subsection will present the 
cluster analysis itself. This will be followed by the cluster analysis according to 
contextual factors. 

8.5.1     Cluster Analysis 

 According to Malhotra ( 2006 , p. 573, emphasis in the original), cluster analysis 
is used when “[…] there is not  a priori  information about the group or cluster 
membership for any of the objects. Groups or clusters are suggested by the data, not 
defi ned  a priori .” The type of method used in this study was the hierarchical agglom-
erative clustering using Ward’s variance method. This test was initially used to 
verify the number of clusters indicated in which four groups were visualized by the 
dendrogram. In this case, the hierarchical test was conducted and the error bar graph 
was constructed, as shown in Fig.  8.1 , into which were inserted the taxonomies 
created for each group.

   The graph shows a taxonomy of the fi rms in the study in accordance with their 
clusters. Cluster 1 contains the  proactive organizations  (46 fi rms – 39 %). These 
have higher scores for proactive strategies and lower scores for reactive strategies. 
For the purposes of this study, this cluster perceives environmental management as 
a corporate strategy, but still in its early stages, developing some actions to minimize 
the environmental impacts of their products/processes. 

   Table 8.8    Variables employed to measuring the e nvironmental formalization  construct   

 Variable 
 Question: Using the options below, evaluate to what extent environmental management 
is formalized at your fi rm 

 Var37  At the fi rm, environmental policy is clearly documented in the mission statement 
 Var38  The fi rm has a specifi c position/function/sector for environmental issues in its 

administrative sphere 
 Var39  The fi rm trades products with an ecological brand using environmental labeling 
 Var40  The fi rm has ISO 14000 environmental management and/or FSC (Forest 

Stewardship Council) and/or Total Quality Environmental Management (TQEM) 
certifi cation 

 Var41  The fi rm has implemented some form of environmental management system 

  Source: Prepared by the authors, based on Almeida ( 2010 ), Barbieri ( 2007 ), Camara and Passos 
( 2005 ), Carrillo-Hermosilla et al. ( 2009 ), Donaire ( 1996 ,  2007 ), Kemp and Arundel ( 1998 ), Lau and 
Ragothaman ( 1997 ), and Passos ( 2003 )  
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 However, in cluster 2 there are what this study considers to be  eco-innovative 
organizations  (10 fi rms – 9 %). These are fi rms with high scores for proactive 
strategies and very low scores for reactive ones. They do not include and totally 
disagree with reactive strategies and include a high degree of proactive strategies. 
In this study, these fi rms are considered eco-innovators, emphasizing sustainable 
development resulting in reduced environmental impact, pollution, and other 
negative impacts of the use of natural resources. They can be linked to the fi rms that 
Aragón- Correa ( 1998 ), Barbieri ( 2007 ), Sharma ( 2000 ), and Sharma et al. ( 1999 ) 
defi ne as those that develop voluntary actions to prevent environmental impacts, 
creating a competitive advantage by adopting eco-innovative technologies. 

 Cluster 3 of this analysis contains  indifferent organizations  (44 fi rms – 38 %). 
These fi rms have no precisely defi ned proactive or reactive strategies. In other 
words, they do not take a stance in either respect regarding environmental actions, 
opting to assume a neutral position on the scale. 

 Cluster 4 contains the  reactive organizations  (17 fi rms – 14 %), which are those 
with higher scores for reactive strategies and lower scores for proactive strategies. 
In these fi rms, environmental management is not viewed as an organizational strategy 
but exists only to comply with the minimum requirements set by legislation. They can 
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  Fig. 8.1    Cluster analysis and defi nition of taxonomy through the  eco-innovation strategies  construct       
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be viewed as those fi rms that Barbieri ( 2007 ), Buysse and Verbeke ( 2003 ), Sharma 
( 2000 ), and Sharma et al. ( 1999 ) defi ne as those that only develop actions that are 
externally imposed by environmental legislation, controlling pollution with corrective 
technologies and with only the sporadic involvement of the upper management. 

 To prove this cluster profi le and also provide some other characteristics of the 
fi rms, an analysis of the cluster centers by variables, also known as centroids, was 
conducted. “The centroids represent the mean values of the objects contained on the 
cluster of each of the variables. The centroids enable a description of each cluster, 
assigning them a name or label” (Malhotra  2006 , p. 581). Furthermore, the ANOVA 
test was conducted which “[…] informs us if three or more population means are 
equal […]” (Field  2009 , p. 299), i.e., it is a test that verifi es whether the groups stem 
from populations with equal means. These values are shown in Table  8.9 .

   Table  8.9  confi rms the taxonomy by the scores obtained in the constructs for 
eco- innovation strategies in each of the groups. In the proactive organizations 
cluster, the highest mean of the cluster center is found in var07, followed by var08. 
This shows that these fi rms develop environmental actions in their administrative 
work and in production but develop the other proactive actions to a lesser degree. 
Furthermore, they take into account the acquisition of end-of-pipe technologies, which 
would not be advisable for fi rms seeking to become more proactive. Meanwhile, the 
eco-innovative organizations have higher means in almost all the variables of the 
construct for proactive strategies. Practically, all the means were higher than four on 
the scale except var06, which indicates that these fi rms are more in favor of eco-
innovation. On the other hand, in the case of the reactive strategies, the means varied 
between points 1 and 2 on the scale ( I totally disagree  and  I disagree ). The graph 

     Table 8.9    Means of the cluster centers by variable of the  eco-innovation  construct in each cluster 
and ANOVA test   

 Variable 

 Proactive 
 Eco- 
innovative   Indifferent  Reactive 

 F   p  value   N  = 46   N  = 10   N  = 44   N  = 17 

 Reactive 
strategies 

 Var01  1.96  1.10  3.02  2.18  14.702  0.000* 
 Var02  3.24  1.60  3.70  2.94  11.811  0.000* 
 Var03  2.54  1.10  3.64  2.76  27.410  0.000* 
 Var04  1.98  1.20  2.59  1.59  10.271  0.000* 
 Var05  1.91  1.50  2.66  2.94  8.649  0.000* 

  Mean   2.33  1.30  3.12  2.48 
 Proactive 

strategies 
 Var06  3.09  3.60  2.57  1.71  11.060  0.000* 
 Var07  4.37  5.00  3.91  2.41  25.871  0.000* 
 Var08  4.35  5.00  3.68  2.41  29.410  0.000* 
 Var09  3.98  5.00  2.66  1.41  49.518  0.000* 
 Var10  3.15  4.00  2.48  1.53  18.498  0.000* 
 Var11  3.89  4.90  3.80  1.35  53.064  0.000* 
 Var12  3.78  4.90  2.52  1.47  66.872  0.000* 
 Var13  4.02  5.00  2.95  1.65  51.102  0.000* 

  Mean   3.83  4.68  3.07  1.74 

  * p  value < 0.05  
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also shows that the medians of the indifferent organizations, both in terms of reactive 
and proactive strategies, had practically the same means in a neutral position on 
the scale. In the reactive organizations cluster, the highest means are found in the 
reactive strategies construct, especially var02 and var05. This shows that these fi rms 
are only concerned with acquiring end-of-pipe technologies and view environmental 
management as an additional cost that can have a negative effect on the growth 
of their business. Therefore, this analysis confi rms the taxonomy identifi ed in this 
study through the mean scores for each variable in each cluster center. 

 Regarding the analysis of variance (ANOVA), it is necessary to verify the F index 
and the statistical signifi cance ( p  value) in Table  8.9 . For the F index, when there is 
no “[…] difference between the means of populations, the index should be close to 1. If 
the means of population are not equal, the numerator should show this difference and 
the F index should be greater than 1” (Cooper and Schindler  2011 , p. 496). The statistical 
signifi cance was considered according to the confi dence interval ( p -value ≤ α), with a 
signifi cant of  α  = 0.05 as a parameter, this being the most commonly used (Cooper and 
Schindler  2011 ). There are statistically signifi cant differences among the means, 
shown by the high F values and all the signifi cance levels below 0.05. 

 However, it is also necessary to verify exactly in which groups there are differences. 
For this purpose, post hoc follow-up tests were conducted, using Tukey’s test because 
it is widely employed in management studies and is generally more powerful than 
other such tests (Field  2009 ; Hair et al.  2005 ). Error bar graphs, shown in Fig.  8.2 , 
were prepared for each construct.

   The graphs in Fig.  8.2  regarding  reactive innovation strategies  show that cluster 
2 (eco-innovative organizations) is different from the others, with its reactions being 
 I totally disagree  and  I disagree . Concerning the  proactive eco-innovation strategies , 
all the clusters differ from one another. However, cluster 2 differs from the others in 
terms of performance in this dimension in that the variables had higher scores 
among the three groups. Therefore, the eco-innovative organizations are different in 

a b

Reactives

Indifferents

C
lu

st
er

s

Likert scale the degree of development of eco-innovation strategies Likert scale the degree of development of eco-innovation strategies

Eco-innovatives

Proactives

1 2 3 4 5 1 2 3 4 5

Reactives

Indifferents

C
lu

st
er

s

Eco-innovatives

Proactives

  Fig. 8.2    Differences between the means of reactive and proactive strategies in the groups of fi rms. 
( a ) Reactive strategies. ( b ) Proactive strategies       

 

8 Contextual Factors as Drivers of Eco-innovation Strategies



154

relation to these strategies, with the reactive organizations with scores below the 
mean and the proactive organizations above the mean. 

 In summary, we weave the main characteristics of each typology defi ned in this 
taxonomy which can be seen in Table  8.10 .

   Having obtained the results of the clusters regarding eco-innovation strategies, 
the next topic will analyze at the behavior of these groups in relation to their contex-
tual factors.  

8.5.2     Analysis of the Relationship Between 
the Clusters and Contextual Factors 

 To verify the existence of relationships between the organizational respondents and 
contextual factors, an analysis was also conducted of the cluster centers by variables 
and analysis of variance using ANOVA (Field  2009 ). For this analysis, the groups 
defi ned in the cluster analysis were used, with the values shown in Table  8.11 , in 
addition to the means by cluster and by construct.

   In general, in the means of the constructs, the proactive and eco-innovative 
organizations have higher means than those in the indifferent and reactive clusters. 
In the means of the  use of environmental and innovative incentives  construct, the 
eco-innovative organizations have a higher means than the others, which may refl ect 

   Table 8.10    Summary of the characteristics of each cluster as a result of their eco-innovation 
strategies   

 Cluster  Main characteristics 

 Reactive 
organizations 

 These organizations are concerned with pollution only at the end of the 
production process and acquire end-of-pipe technologies only to comply 
with environmental legislation; they consider the process costly and 
harmful to the growth of business; they adopt only a medium level of 
environmental measures in their administrative work and production 

 Indifferent 
organizations 

 These organizations acquire end-of-pipe technologies only to comply with 
environmental legislation; they adopt environmental measures in the 
administrative sectors and the production process; they also forge a 
certain number of partnerships/agreements with other fi rms/institutions 
to take environmental actions; but they prove to be indifferent to most 
of the variables in this study 

 Proactive 
organizations 

 These organizations take environmental measures in their administrative 
work and also in production and conduct periodic environmental audits; 
they form partnerships with other fi rms/institutions for environmental 
purposes and have a system for preventing environmental accidents 

 Eco-innovative 
organizations 

 These organizations take environmental actions at the corporate level and 
also in production, holding regular environmental audits and adopting 
environmental analysis processes regarding the lifecycle of products; 
they form partnerships and make agreements with other fi rms/
institutions for environmental purposes and provide environmental 
training programs for their collaborators; they also have systems to 
prevent environmental accidents 
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a result that stems from greater government incentive to innovate, which justifi es 
this defi nition once again. Furthermore, the eco-innovative organizations always 
have higher means in all the constructs, while the reactive organizations always 
have the lowest means. The analysis of variance (ANOVA) also shows statistically 
signifi cant differences between the means, maintaining high F values and desirable 
levels of signifi cance. 

 Nevertheless, it is still not possible to know exactly in which groups there are 
differences, which can be verifi ed with the follow-up tests and Tukey’s test (Field 
 2009 ; Hair et al.  2005 ). In the error bar graphs for each construct of factors, the 
 differences between the means can also be seen, as shown in Fig.  8.3 .

   The graphs show that cluster 2 ( eco-innovative organizations ) differed from cluster 
3 ( reactive organizations ) and cluster 4 ( indifferent organizations ) in every construct. 
Cluster 2 does not differ from cluster 1 ( proactive organizations ) in use of  environ-
mental and innovative incentives . Therefore, cluster 2 was the one that differed most 
from the others and also had the highest mean for impact of contextual factors. 

 There are no signifi cant differences between clusters 1, 3, and 4 for  environmental 
regulation  and  use of environmental and innovative incentives . In  reputational 
effects  and  top management support , there are no important differences between 
clusters 3 and 4. In  technological competence  and  environmental formalization , all 
the clusters differ from each other. 

 The result to be considered is that in all the constructs, cluster performance 
appears in order of importance for environmental issues: (1) eco-innovative organi-
zations, (2) proactive organizations, (3) indifferent organizations, and (4) reactive 
organizations. This performance can be viewed in the graph in Fig.  8.4 .

   This graph clearly shows the difference between the clusters, and some consid-
erations can be inferred concerning the fi rms. Cluster 1,  proactive organizations , is 
made up of 46 fi rms and is the largest cluster in the study. It shows a performance 
between the neutral point on the scale and four, except in the case  use of environ-
mental and innovative incentives  construct, which came below the two-point level. 
Cluster 2,  eco-innovative organizations , has ten fi rms (the smallest cluster in the 
study). Its results are higher than all the others in contextual factors, with a highlight 

   Table 8.11    Analysis of the differences between the mean values of the impact of contextual 
factors on each group of fi rms   

 Contextual factors 

 Proactive 
 Eco- 
innovative   Indifferent  Reactive 

 F 
  p  
value   N  = 46   N  = 10   N  = 44   N  = 17 

 Environmental regulation  3.85  4.45  3.06  3.12  12.449  0.000* 
 Use of environmental and 

innovative incentives 
 1.89  2.90  1.75  1.32  6.559  0.000* 

 Reputational effects  3.57  4.28  2.78  2.52  20.286  0.000* 
 Top management support  3.51  4.30  2.35  1.88  35.577  0.000* 
 Technological competence  3.51  4.18  2.91  2.12  30.657  0.000* 
 Environmental formalization  3.88  4.80  2.80  1.67  59.841  0.000* 

  * p  value < 0.05  
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for  environmental formalization , in which these fi rms averaged close to fi ve points. 
Cluster 3, composed of 44  indifferent organizations , has a mean result on the 
scale, which is demonstrative of its denomination. The last in the means of contextual 
factors is the cluster of  reactive organizations , with 17 fi rms, with the lowest means 
in all the constructs. 
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 Thus, taking into account all these differences in mean values, it can be proven 
that once again this classifi cation is fi tting for the groups that were formed in terms 
of the characteristics of the sampled fi rms.   

8.6     Final Considerations 

 This study stemmed from a review of the literature that showed that there is a need 
for studies that simultaneously look at the internal and external perspectives of 
an eco-innovation strategy and its effects. Therefore, this study aimed to identify an 
organizational taxonomy by examining the proactive and reactive eco-innovation 
strategies adopted by fi rms in the Brazilian cellulose, paper, and paper products 
sector. Furthermore, it sought to analyze the impact of internal and external contextual 
factors of organizations in each group of fi rms. 

 To achieve these goals, the study initially sought a theoretical basis that handled 
eco-innovation strategies and the formulation of proactive and reactive strategies 
for environmental issues, which were defi ned in constitutive and operational 
terms. Eco-innovation strategies are formulated according to changes in the context 
in which each organization is embedded, and the external and internal factors were 
important to this study because they have an impact on the decisions pertaining to the 
strategies in question. 

  Fig. 8.4    Cluster performance of contextual factors       
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 When the factors were analyzed, the external factors were initially defi ned in 
constitutive and operational terms, starting with environmental regulation. It is worth 
mentioning that this should lead the fi rm to innovate and the fi rm should view this 
pressure as an opportunity to improve productivity and gain a competitive edge. In 
addition to regulation, other external contextual factors were also analyzed as having 
an impact on eco-innovation strategies and consequently on the environmental perfor-
mance of organizations. These factors are linked to government environmental and 
innovative incentives and the effects of the fi rm’s reputation in its context, which will 
in turn have an impact on the fi rm’s image. These factors should be managed jointly 
and interactively between obstacles and drivers by adopting eco-innovation practices 
for fi rms to maintain a favorable real image regarding environmental concerns. 

 The internal factors that lead to eco-innovation management were also analyzed. 
These are mainly linked to support from the upper management, with the skills 
and capacity to absorb technology and formalize the environmental issues in their 
internal context. The more deeply rooted the environmental and innovative culture 
of a fi rm, the more effectively the internalization of strategies for adopting proactive 
eco-innovation strategies occurs. 

 Therefore, the objectives of this study can be considered as having been achieved 
through a cluster analysis and the identifi cation of an organizational taxonomy in 
which the fi rms that participated in the study were classifi ed as  reactive organizations , 
 indifferent organizations ,  proactive organizations , and  eco-innovative organizations . 
This taxonomy was proved both by the analysis of these clusters with reactive and 
proactive eco-innovation strategies and the analysis of the contextual factors. 

 In the  reactive organizations , eco-innovation is not considered an organizational 
strategy, and the companies strive to comply with the minimum requirements of 
environmental legislation. They develop actions to control pollution with corrective 
technologies, and the involvement of the top management is only sporadic. The 
 indifferent organizations  have no certain defi nition of their strategies, which lie 
between proactive and reactive. These companies do not take a signifi cant strategic 
stance one way or another concerning environmental actions, with their actions 
lying between the proactive and reactive level. The  proactive organizations  are 
those who already perceive the importance of environmental management as a cor-
porate strategy, albeit an incipient one, and develop some actions to minimize the 
environmental impact of their products/processes. Finally, the  eco-innovative 
organizations  do not consider reactivity as a strategy but instead take a high degree 
of proactive strategies into consideration. For this reason, they place importance on 
sustainable development, resulting in reduced environmental risks, lower levels 
of pollution, and other negative impacts resulting from the use of natural resource. 
They take voluntary actions to prevent environmental impacts, creating a competitive 
advantage through the adoption of eco-innovative technologies. 

 We consider this result as an advance in the literature on this theme because there 
was a gap to be fi lled. Furthermore, we can consider this study as an important con-
tribution to the advancement of knowledge in the fi eld of eco-innovation strategies 
and also the defi nition of external and internal factors that infl uence the adoption of 
these strategies. 
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 It should be emphasized that the originality lies in the fact that this is a specially 
perceived and applied empirical study, providing information on the management 
of eco-innovation regarding its drivers and effects and enabling in-depth analyses 
to bridge gaps in the literature as noted by Kemp and Arundel ( 1998 ). More specifi -
cally, this study contributes to both existing theory and the management of eco- 
innovation in organizations. With these conclusions, this study can serve as a guide 
for the innovative focus of environmental management in industries in this and other 
sectors. It also makes a contribution to the research in this fi eld. 

 Finally, the limitations of the study are those of sampling surveys, where it is 
rarely possible to determine the degree of accuracy of the fi ndings and the fact that 
the questionnaires are completed by only one person at each fi rm. Therefore, the 
intentions of the respondent and the manner in which the responses are given cannot 
be gauged. However, to ensure aspects of validity and reliability, a content validity 
was applied, the questionnaire was pretested, and other precautions were taken 
regarding the methodology of the study. 

 In terms of suggestions for future studies, there are important lines of research 
that have yet to be explored regarding eco-innovation. These themes are related to 
the impact of the adoption of eco-innovation strategies on the social, environmental, 
and economic performance of fi rms and eco-entrepreneurship, i.e., the creation of 
ecological technology-based fi rms. Other themes are sources of information and 
technology transfer in the context of eco-innovation and the defi nition of government 
policies and the styles of environmental styles that are most adequate for innovation, 
with comparative studies of the effects of policies on environmental innovation, and 
an empirical international analysis regarding the specifi c characteristics of eco-
innovation in different national systems and the environmental innovative capacity 
of different countries.     
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    Abstract     The term “eco-innovation” is of interest to policymakers and industrial 
practitioners that seek to marry environmental protection with economic development. 
Sweden has made some headway in that it has an international reputation for leadership 
on environmental issues and for creating policies that seek to boost eco- innovation in 
key industries. However, examining industrial efforts to eco-innovate is complicated 
by the fact that eco-innovation is poorly defi ned. The varying defi nitions and typolo-
gies currently in circulation pose risks to the fi eld of eco- innovation research. In this 
chapter, we aim to consolidate existing conceptualizations by adapting an existing 
typology of eco-innovation. We then apply this typology to examine eco-innovation 
in large Swedish companies. The study fi nds that large Swedish companies focus the 
majority of their eco-innovative efforts on internal measures related to product and 
process changes. However, the companies in our sample are less adept at collaborating 
with suppliers, users, and other external partners that can boost eco-innovation. 
The study concludes by discussing the utility of our typology and by deriving recom-
mendations for policymakers based on our fi ndings.  

  Keywords     Eco-innovation   •   Dimensions   •   Typology   •   Sweden  

9.1         Introduction 

    Eco-innovation (EI) is a relatively new concept that refers to innovations with positive 
environmental impacts. Numerous governments have embraced EI as a means to resolve 
environmental problems as part of a wider program of ecological modernization 
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(Hajer  1995 ). Ecological modernists argue that environmental problems can be 
resolved via policy-led socio-technical change (Mol and Sonnenfeld  2000 ). Scholars 
have argued that countries can act as environmental pioneers by adopting policies that 
promote fi rst-mover strategies and lead markets for EIs, setting an example and creat-
ing new export opportunities (Porter and van der Linde  1995 ; Huber  2008 ). Examining 
EI from a national perspective can thus assist policymakers and practitioners in their 
pursuit of such leadership. 

 Sweden is regarded as an environmental pioneer, having taken the lead on issues 
such as climate change (Kronsell  1997 ). In the 1990s, the Swedish government 
embraced ecological modernization and implemented a range of policies that aim to 
strengthen Sweden’s environmental reputation (Lundqvist  2000 ;    Uba  2010 ). EI is 
critical to this approach and is seen as the link between environmental protection and 
sustainable economic prosperity (Sarasini  2009 ). Examining Swedish industry efforts 
to tackle environmental problems via EI is instructive for at least two reasons. First, it 
is important to examine how well Swedish industry has succeeded in integrating envi-
ronmental protection into the economy. Second, the specifi cities of Swedish efforts to 
eco-innovate may be of interest to practitioners who wish to follow a similar path. 

 The concept of EI is not well defi ned. Some scholars have proffered defi nitions 
(e.g., James  1997 ; Rennings  2000 ) and others have proposed typologies of EI as part of 
an inductive approach to understanding the concept (e.g., Hellström  2007 ). The lack 
of a cohesive understanding is problematic. Identifying and characterizing efforts to 
resolve ecological problems via EI is a fi rst step in understanding opportunities and 
overcoming barriers to such efforts. The lack of a robust conceptualization jeopardizes 
the practical utility of research efforts in this area. Similarly, it is crucial that practitio-
ners and policymakers share an understanding of EI when seeking to derive innovative 
opportunities from ecological problems and when seeking to learn from best practices. 
This is especially so if one considers that a range of radical EIs is needed to overcome 
some ecological problems (Huesemann  2003 ). A cohesive conceptualization is needed 
to enable EI research to have a signifi cant and meaningful impact. 

 We aim to address this research gap by developing an improved conceptualiza-
tion of the term EI. We build on previous attempts to characterize EI via typolo-
gies that describe the varying dimensions of EI. We review the literature on EI for 
defi nitions and existing typologies (Sect   .  9.2 ). In Sect.  9.3  we present our methods 
and modify an existing framework for examining EI (Carrillo-Hermosilla et al. 
 2009 ). In Sect.  9.4  we use the framework to examine EIs in large Swedish compa-
nies. In Sect.  9.5  we discuss the utility of the framework and implications for 
practitioners and policymakers.  

9.2      What Is EI? 

 EI is a relatively new term that is used interchangeably with others such as environ-
mental technology and eco-effi ciency (Hellström  2007 ). Environmental technolo-
gies are “technologies whose use is less environmentally harmful than relevant 
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alternatives” (Kemp and Foxon  2007 : 2). EI is broader in that it is not limited to 
technology. James ( 1997 : 53) defi nes EI as “new products and processes which 
provide customer and business value but signifi cantly decrease environmental 
impacts.” Carrillo-Hermosilla et al. ( 2009 ) defi ne EI as “technological change in 
production processes and products” and “change in the behaviour of individual 
users or organisations” that improves environmental performance. Rennings 
( 2000 ) defi nes EI as:

  …all measures of relevant actors (fi rms, politicians, unions, associations, churches, private 
households) which: develop new ideas, behavior, products and processes, apply or intro-
duce them; and which contribute to a reduction of environmental burdens or to ecologically 
specifi ed sustainability targets. 

 The two latter defi nitions deviate from traditional conceptions of innovation as 
composed of new products and processes (Schumpeter  1934 ; Edquist  2001 ). This 
deviation is based on the idea that different types of changes (technological, 
social, and institutional) are required to resolve ecological problems (Hellström 
 2007 ). Rennings ( 2000 ) states: “EIs can be developed by fi rms or nonprofi t orga-
nizations, they can be traded on markets or not, their nature can be technological, 
organizational, social or institutional.” 

 The nontechnical dimensions of EI set it apart from concepts such as environ-
mental technology. Some scholars focus on these dimensions to emphasize the 
importance of EI from micro to macro perspectives. This, however, sometimes 
results in the loss of the environmental dimensions of EI. Andersen ( 2008 : 5), for 
instance, argues that “The concept is closely related to competitiveness and makes 
no claim on the “greenness” of various innovations.” Similarly, Kemp and Foxon 
( 2007 ) argue that EI is defi ned by the  intention  to reduce environmental impacts:

  EI is the production, assimilation or exploitation of a novelty in products, production pro-
cesses, services or in management and business methods, which aims, throughout its life 
cycle, to prevent or substantially reduce environmental risk, pollution and other negative 
impacts of resources use (including energy use). Novelty and environmental aim are the two 
distinguishing features (p. 5). 

 These conceptual inconsistencies pose problems. First, the fi eld of EI research 
risks discord in that scholars may pursue different and possibly confl icting avenues 
of research. Second, policymakers require clear and coherent guidelines and infor-
mation on which to base decisions. Third, industry practitioners can benefi t from 
monitoring industry trends in EI as part of business intelligence activities. Again 
these types of activities may suffer if EI is poorly defi ned. 

9.2.1     Conceptualizing EI Using Typologies 

 Another way to conceptualize EI is to derive typologies that capture the various 
dimensions of industry efforts to reduce environmental burdens. An accurate read-
ing of what industry seeks to achieve using a comprehensive typology is the fi rst 
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step in addressing barriers to EI. Industrial actors play fundamental roles as regards 
ecological problems, and it is within industry that EIs must be developed and 
adopted to achieve a sustainable society. 

 Various typologies of EI have been put forward. Hellström ( 2007 ) argues that 
existing conceptualizations are biased towards incremental changes. Hellström 
shows empirically that whilst the majority of EIs are incremental, there are several 
radical examples of EI. Hellström distinguishes between products, processes, and 
sources of supply. He also distinguishes between component and architectural 
innovations, measured on an incremental-radical scale. 

 Andersen ( 2005 ) distinguishes between “add-on” EIs, “integrated” EIs, eco- 
effi cient technological or organizational system innovations, and general-purpose 
eco-effi cient innovations. In another proposed typology that focuses on “green IT,” 
Faucheux and Nicolai ( 2011 ) distinguish between product and process dimensions 
of EI, between technological and organizational dimensions and a separate dimen-
sion that focuses on user acceptance. 

 International organizations such as the European Union (EU) and the Organization 
for Economic Co-operation and Development (OECD) have also commissioned 
studies on EI. An EU-funded project included a typology that focuses on environ-
mental technologies, organizational innovations, product and service innovations 
and “green system innovations” (Kemp and Foxon  2007 ). A report by Technopolis 
distinguishes between “curative” or “end-of-pipe” technologies, product and service 
EIs, organizational EIs, and marketing EIs (Reid and Miedzinski  2008 ). A report 
from the OECD ( 2011 ) adds three further dimensions (targets, mechanisms, and 
impacts). The report labels organizational, marketing, and institutional changes as 
“targets” for EI.  

9.2.2     Deriving an Appropriate EI Typology 

 The variety described above depends to some extent on the different perspectives 
from which one can examine EI (e.g., from micro to macroscales). It also illustrates 
the incoherent manner in which EI is presently conceptualized. In order to examine 
EI within large Swedish companies, we follow an inductive logic where we seek to 
refi ne an existing typology in a manner that befi ts our empirical material. 

 Carrillo-Hermosilla et al. ( 2009 ) outline a typology which describes dimensions of 
EI from a company perspective. We chose this typology because we feel it is the most 
comprehensive and coherent description of the eco-innovative activities pursued by 
companies. The typology distinguishes between four dimensions of EI. 

 Design dimensions refer to modifi cations to products or processes in terms of 
component changes (e.g., incremental changes to components or “curative” mea-
sures), subsystem changes (e.g., effi ciency improvements or process changes) and 
system changes (e.g., radical or “eco-effective” measures). The fi rst two (incre-
mental) categories focus on reducing environmental impacts whereas the third 
(radical) category focuses on biocompatible system redesign. That is, systems are 
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created with components and subsystems that turn wastes into inputs. An example 
of system change is a passenger car fuelled by renewable energy with recyclable 
materials (from the perspective of an automaker). 

 User dimensions encourage environmentally sound use of products and services 
or behavioral change and may draw on user preferences to develop EIs. The term 
“user acceptance” refers to the way consumers use products and EI in this dimen-
sion encourages behavioral change among users that benefi ts the environment (e.g., 
recycling). “User development” refers to instances where EIs are initiated by users 
and can occur in tandem with manufacturers. 

 In a narrow sense, product-service dimensions include the development of services 
to reduce the environmental impact of a particular product (e.g., energy effi ciency 
services) and measures that stimulate EI in supply chains. Carbon labels that display 
the amount of carbon dioxide embodied in a product can both encourage sustainable 
consumption and stimulate EI in the supply chain. In a broader sense, product-service 
dimensions encompass “a marketable set of products and services capable of jointly 
fulfi lling a user’s needs” (Goedkoop et al.  1999 ). Here the focus is on the delivery of 
a function (e.g., electric car leasing). In some instances, product- service combinations 
harness supporting networks (e.g., networks rather than chains of suppliers) and infra-
structure (e.g., electric car-charging stations) to deliver this functionality (Mont  2002 ). 

 Governance refers to institutional or organizational measures that “resolve 
confl icts over environmental resources in both the public and private sectors” 
(Könnölä et al.  2008 ). Governance at the institutional level refers typically to policy 
and its role in stimulating innovation and overcoming technological lock-ins. At the 
business level governance typically includes relationships with key stakeholders 
such as governments that can assist in overcoming barriers to EI. Firms may also 
seek to create new organizational structures that facilitate EI. Joint ventures between 
automakers and utility companies that aim to develop infrastructure for charging 
electric vehicles are an example of such measures.   

9.3      Methodology 

 This study utilizes mixed methods to examine the utility of the typology outlined 
above, which we used to analyze EI in large Swedish companies. 

9.3.1     Sample and Data Collection 

 Our sample consists of large Swedish companies from a range of industries. We 
defi ned company size in terms of employees and focused on companies that operate 
in Sweden. We focused on companies that perform research and development activ-
ities in Sweden and export products. We compiled a sample of 92 publicly traded 
companies using employment data from Statistics Sweden (SCB). 
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 We examined EI using corporate annual reports and sustainability reports. We 
used the most recently published reports in July 2012. We chose this method because 
it provides comprehensive and widely accessible data sources. Other methods such 
as interviews and surveys would not have provided the same level of access and 
reliability. However, our analysis refl ects the level of detail companies provide in 
reports. Corporate reports are publicly available and target investor audiences and 
other stakeholders. Since reports are an instrument for external communication, 
they are designed to bolster corporate images, which may challenge the validity of 
our results. However, it is likely the case that all methods suffer this problem. 

 Initially we set out to organize companies into industry sectors using the 
Swedish Standard Industrial Classifi cation (SNI), which is based on the Statistical 
Classifi cation of Economic Activities in the European Community (NACE). This 
approach led to a large number of sector categories each with few entries and was 
thus not suitable for our analysis. Instead we organized the companies in our 
sample based on their main areas of business and product offerings as described 
in reports. We divided the companies into 11 reasonably homogenous groups: 
chemical- producing companies (8); consultancy and service companies (7); 
retail companies (3); food companies (4); construction companies (4); electrics 
and electronics companies (10); companies producing pulp, paper, and wood 
products (10); mining-, metal-, and material-producing companies (14); automo-
tive companies (9); logistics and transport companies (6); and machinery and 
equipment companies (17).  

9.3.2     Analysis 

 We identifi ed every eco-innovative measure reported by each company during the 
year that preceded the publication of the report in question. We copied the provided 
information regarding each EI into a template for each company. We then coded this 
information using the typology described in Table  9.1 . Our results thus refl ect the 
number of eco-innovative measures under each dimension as the companies in our 
sample reported them. 

 At this stage it became apparent that some of the categories in the original 
framework (Carrillo-Hermosilla et al.  2009 ) understated certain EIs and overstated 
others. We thus expanded these categories to encapsulate the complexities of dif-
ferent eco-innovative measures in more detail (Table  9.2 ). We expanded the design 
dimension to include measures that focus exclusively on product and process 
developments. The main reason for this is that processes can also encompass com-
plex technological systems that can be adapted at the level of individual compo-
nents, subsystems, and systems. 

 We extended these distinctions to organizational processes. Here changes at the 
system level refer to changes to an entire company (e.g., energy management across 
all operations). The subsystem level refers to changes to operations (e.g., logistics or 
manufacturing) and the component level refers to changes to supporting processes 
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and procedures (e.g., environmental training for employees). We included both 
planned and implemented changes. Companies can implement changes (e.g., intro-
ducing environmental management systems), but they can also plan to implement 
changes (e.g., introducing targets for emission reductions). We included planned 
changes as they can potentially infl uence core values and corporate culture. 

   Table 9.1    Dimensions and categories of eco-innovative activities   

 Dimensions of eco-innovation  Categories 

 Product  Component change/addition 
 Subsystem changes 
 System changes 

 Production process  Component change/addition 
 Subsystem changes 
 System changes 

 Organizational process  Supporting procedures and processes 
 Operational measures 
 General policy and management 

 User  User acceptance 
 User development 

 Value chain  Product services 
 Other value chain (e.g., suppliers) 

 Governance  Partnership with other private company 
 Partnership with university or similar 
 Partnership with government/third sector 

  Derived from Carrillo-Hermosilla et al. ( 2009 )  

     Table 9.2    Eco-innovative measures among large Swedish companies   

 Dimensions 
of eco-innovation  Categories 

 Product  Component change/addition  119  5 % 
 Subsystem changes  206  8 % 
 System changes  108  4 % 

 Production process  Component change/addition  177  7 % 
 Subsystem changes  155  6 % 
 System changes  65  3 % 

 Organizational process  Supporting procedures and processes  328  13 % 
 Operational measures  350  14 % 
 General policy and management  252  10 % 

 User  User acceptance  34  1 % 
 User development  58  2 % 

 Value chain  Product services  89  4 % 
 Other value chain (e.g., suppliers)  187  7 % 

 Governance  Partnership with other private company  176  7 % 
 Partnership with university or similar  112  4 % 
 Partnership with government/third sector  78  3 % 
  Total    2,494  
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 We also expanded on the governance dimension to include details of companies’ 
collaborative activities. We categorized collaborations according to the type of 
partner involved. Here we established separate categories for collaborations with 
private companies, universities/research institutes, and government/third sector 
organizations.

9.4          Results 

 In this section we apply our typology to a sample of 92 large Swedish companies. 
Results are summarized in Table  9.2 . Product and process changes amount to around 
70 % of the total measures, with organizational processes the most populated dimen-
sion. Companies reported fewer EIs based on collaborations with users, suppliers, 
and other external actors.

   In what follows, we examine the efforts of each group of companies vis-à-vis 
dimensions of EI. For each dimension we provide examples from the group of 
automotive companies in our sample. These examples are purely to exemplify 
the way in which we categorized EIs using the typology. The examples also 
illustrate the challenges of adopting such a framework. We chose automotive 
companies because automobiles are well-known products. This, we felt, would 
make our results more accessible to uninitiated readers in comparison to machin-
ery and equipment companies, for instance, whose products and processes are 
less familiar. 

9.4.1     Product and Process Dimensions 

 With the exception of organizational processes, large Swedish companies are most 
active in terms of product and process changes. As regards automotive companies, 
we categorized measures focused on the introduction of new materials within auto-
mobiles as product component changes. Examples include the development of 
wood fi ber doors to reduce fossil fuel dependency and the introduction of nano-
structured compounds to reduce weight. Here we had to impose system boundaries 
for each company. Companies such as Volvo are automakers that design and 
assemble vehicles. We treated vehicles as the “system” to which product changes 
apply. Wood fi ber doors are components in larger systems (vehicles) and were thus 
 considered as component changes. 

 We categorized measures as subsystem product changes where they focused on 
changes to subsystems within vehicles, such as the hybridization of the drivetrain or 
the use of renewable fuels. The Volvo Group launched trucks based on hybrid and 
methane-diesel technologies. We reasoned that the use of alternative fuels repre-
sents a subsystem change because it only involves changes to vehicles’ drivetrains, 
not the entire vehicle. 
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 We treated Volvo Cars’ launch of an all-electric car as a systemic change since 
Volvo has traditionally focused on vehicles with internal combustion engines. In 
addition to the battery/motor, electric cars include a range of measures to reduce 
weight and increase the use of renewable materials and can thus be considered 
systemic changes. In contrast, Haldex introduced an electromechanical braking 
system to improve vehicle effi ciency and safety. Whilst the braking system encom-
passes a subsystem change for an automaker such as Volvo Cars, it represents a 
system change for Haldex, whose main products are braking systems. 

 As regards process EIs, we categorized energy-saving measures such as auto-
matic lighting systems and wastewater treatment systems as component-level 
technological process changes. An automatic lighting system is only a component 
change if one considers the entire production system. We categorized measures that 
variously focused on energy, emissions, recycling, and the use of chemicals as 
subcomponents of manufacturing processes as subsystem-level changes. SAAB 
launched an information technology (IT) tool to monitor chemical use in all produc-
tion processes. We treated it as a subsystem change, but not a system change in that 
it does not fundamentally change the entire production system. Technological 
system- level changes to processes were much fewer in number than component- 
and subsystem-level changes. 

 Overall, the balance between product and process EIs shifts between company 
groups (Table  9.3 ). On average, the companies in our sample reported on 4.7 and 4.3 
product and process EIs, respectively. Consultancy and service, automotive, con-
struction, and retail companies reported on more product EIs than the other groups. 
In contrast, logistics and transport, food, and retail companies report higher 
numbers of process EIs and fewer numbers of product EIs. This is probably because 
some companies in our sample deliver mainly goods whereas others provide 
services. The companies in the logistics and transport group move items such as 
post and freight, and their main environmental impacts arise from transportation via 
land, sea, or air. It makes sense that such companies focus on process EIs since they 
are the main cause of environmental degradation. 

 Overall, companies noted few system-level changes. This is perhaps to be 
expected as such changes are more radical and risky. However, consultancy and 
service companies focused on system changes more than any other group. This may 
be a refl ection of their role as a provider of expertise to other companies. It may also 
be that consultants do not bear the risks of the changes they advocate.

9.4.2        Organizational Process Dimensions 

 The companies in our sample engage mostly with organizational process changes 
(Table  9.2 ). We categorized the following types of measures among automotive 
companies as belonging to this dimension. Several automotive companies noted 
that they increasingly use renewable energy within production and manufacturing. 
We categorized the use of renewable energy as a change to supporting procedures 
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and processes because energy is only one resource used in the production process 
and because automotive companies purchase energy from electricity suppliers. 

 We characterized nontechnical measures that focus on a company’s operational 
procedures as operational measures. The most common measures in this category 
focus on environmental management systems and ISO14001 certifi cation. Com-
panies also mentioned changes to corporate social responsibility routines. We 
treated these measures as operational when applied across a company’s operations. 
In contrast, we characterized company-wide nontechnical changes as changes to 
general policy and management. Two companies introduced a code of conduct, and 
Toyota introduced “climate accounting.” We categorized these measures as general 
policies and management because they infl uence the entire company. 

 A large number of organizational process changes are related to targets and 
statements of intent. We felt that this type of measure is somewhat overstated in 
company reports, which to some extent are intended to bolster corporate image. 
We included statements of intent in our analysis because they can potentially 
shape and infl uence organizational cultures, but with the risk that our fi ndings 
overstate the importance of such measures. Their inclusion may explain why the 
retail, logistics/transport, and electric/electronic companies are more active in 
terms of organizational process changes than the other companies in our sample 
(Table  9.3 ). It may be the case that these groups of companies experience more 
stakeholder pressure than the others and thus do more to maintain a positive 
brand or image.  

9.4.3     User Dimensions 

 We characterized measures that draw on user inputs as a source of EI under the user 
development dimension. The Volvo Group, for instance, introduced a database sys-
tem for user feedback into product development. We characterized measures that 
seek to change user behavior under the user acceptance dimension. These measures 
include the provision of environmental information via labelling schemes and eco- 
driving training. 

 Companies reported on fewer measures that focus on collaborations with users 
than products and process changes (Table  9.3 ). Companies mentioned relatively few 
measures that involved users as the source of EI, even though user-driven sectors 
like food and consultancy/services have more focus on consumers than chemical 
companies. Our fi ndings suggest that companies may not be aware of the potential 
to involve lead users as a source of EI. It may also be the case that end users are 
incapable of making contributions to developments in electronics or automobiles 
because of product complexity. User inputs may be limited to explicating demands 
regarding product functionality. However, several companies in our sample develop 
products for other businesses. This applies to automotive companies, where auto-
motive suppliers comprise a large portion of our sample. Hence we suspect that full 
details of innovative procedures are not included in company reports.  
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9.4.4     Value Chain Dimensions 

 We categorized measures as product services when companies provide a service 
that aims to reduce products’ environmental impacts. For example, the Volvo Group 
provides an IT service that allows users to calculate their carbon dioxide emissions. 
The distinction between product service and user acceptance is not always that 
clear, as both focus on user behavior. 

 Companies reported on interactions with the value chain in different ways. Some 
groups were more active in delivering product services to users whereas others 
focused more on activities with suppliers. We categorized measures that involve 
nonusers in the other value chain dimension. Automotive companies assess sup-
pliers based on environmental criteria and in some instances select suppliers with 
ISO14001 certifi cation. Toyota launched a “sustainable retailer program” to reduce 
energy use and emissions. 

 Overall, companies were moderately active as regards value chain measures, 
although food and consultancy/service companies were much more active than the 
rest (Table  9.3 ). In comparison to the user dimension, companies were more active 
as regards collaborations with suppliers. When compared to previous studies (e.g., 
Zaring and Hellsmark  2001 ), this study suggests that Swedish companies have 
expanded their efforts to collaborate with suppliers and pursue a more systemic 
approach. However, the majority of value chain measures focus on procurement 
policies, assessing and auditing suppliers’ environmental credentials, or providing 
suppliers with a code of conduct. Examples of close and innovative collaborations 
in the value chain were harder to fi nd.  

9.4.5     Governance Dimensions 

 We categorized measures that involve a partnership with an external organization 
beyond the value chain under the governance dimension. Aside from memberships 
in numerous industry associations, automotive companies have established notable 
partnerships that focus on electrifi ed vehicles. Kongsberg launched a joint venture 
with QRTECH that focuses on hybrid and electric drivelines, and Volvo Cars 
launched a strategic cooperation with Siemens that has a similar focus. 

 Overall, electric and electronic companies were the only group that reported on 
notably higher-than-average levels of governance measures (Table  9.3 ). Generally, 
companies collaborate more frequently with industrial partners than universities. 
However, the pulp and paper and the automotive groups partner more with univer-
sities than other groups. In contrast, consultancy, retail, construction, electric, and 
electronics companies collaborate more with industrial partners. It is unlikely that 
companies fully describe governance activities in corporate reports given the many 
forms of network collaboration. These include participation in trade associations 
and industry networks, informal collaborations with science partners, memberships 
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in advocacy coalitions, contracts with consulting companies, agreements with key 
suppliers and dealers, and so on. 

 Notwithstanding, Swedish companies appear to have expanded collaborations 
with actors beyond the value chain (cf. Zaring and Hellsmark  2001 ). However, a large 
proportion of the governance measures described in this study encompassed partner-
ships that are not necessarily focused on actual innovations. These include member-
ships in industry associations and other coalitions such as the United Nations (UN) 
Global Compact. Companies also noted various partnerships with NGOs and govern-
ments or government agencies. We interpret these measures to be of importance as 
they can help build societal and legislative legitimacy for EIs and because these sorts 
of partnerships may reduce the risks and uncertainties related to radical measures. 

 However, companies mentioned relatively few governance measures that com-
prise collaborative partnerships which aim to develop new technologies. Those 
instances where companies did describe such measures offer great promise. As 
noted above, automotive companies have established ambitious partnerships with 
companies outside their traditional value chains related to the electrifi cation of vehi-
cles. Companies producing electric and electronic goods are involved in collabora-
tive activities that use smart grids as an infrastructural development that can support 
other EIs. Several companies reported that their contributions to the Stockholm 
Royal Seaport smart grid project are supported by partnerships with universities and 
research institutes. They also reported on opportunities to provide venture capital to 
explore new technological developments and new business models. However, the 
general lack of these types of measures may be due to the fact that companies have 
not identifi ed the potential to make environmental improvements via innovation net-
works or because of the various barriers to innovating via networks. Networking 
with other private companies may be risky in the context of competitive markets, for 
instance, implying a need for policy support in establishing networks.  

9.4.6     The Greening of Swedish Industry? 

 Our results can be compared to previous studies that have examined environmental 
measures in Swedish industry, such as the Swedish Business Environmental 
Barometer (Terrvik and Wolff  1993 ; Wolff and Strannegård  1995 ; Adolfsson  1997 ; 
Belz and Strannegård  1997 ; Zaring and Hellsmark  2001 ). These studies show that 
Swedish companies focused mainly on end-of-pipe measures (component changes) 
and measures aimed at effi ciency improvements in the form of reduced emissions to 
air, reduced waste, and reduced energy consumption during 1990–2000. Many com-
panies also adopted environmental management systems and environmental report-
ing but seldom focused on green product development. These studies also show that 
internal actors were the most critical to environmental change and collaborations 
with external actors were fragmented along the value chain. Companies typically 
selected suppliers according to their environmental credentials and sought to impose 
environmental requirements on the supply chain. 
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 Our fi ndings suggest that the Swedish companies in our sample have expanded 
on these efforts. They have a strong focus on the development of effi cient products 
and processes. They also work with suppliers in a systematic and standardized way 
via procurement policies, codes of conduct, and supplier auditing. The companies 
in our sample increasingly collaborate with partner organizations that are not part of 
their supply chain. However, our fi ndings suggest that there is a lack of radical EI in 
Swedish industry. Our fi ndings also suggest that Swedish companies have not yet 
overcome barriers to truly innovative network collaborations with suppliers, users, 
and other private sector partners. In other words, large companies appear to utilize 
internal knowledge and competences but have not yet established systemic 
approaches that may be more conducive to radical EI (Hart and Milstein  2003 ; Hart 
and Dowell  2011 ).   

9.5      Concluding Remarks 

 This chapter modifi ed an existing typology to analyze how large Swedish compa-
nies engage with eco-innovation. Our typology examines the complexities of the 
different dimensions of EI, which allows for a consideration of the systemic ele-
ments of EI from a company perspective. By examining collaborative partner-
ships that support EI, our modifi ed typology creates linkages between the 
micro- and meso-levels in a manner that befi ts other studies on innovation sys-
tems. By including these additional dimensions, our modifi ed typology can have 
various benefi ts for practitioners and policymakers. Practitioners working within 
companies can use this typology as an element of their business intelligence activ-
ities. That is, practitioners can examine EI in rival companies and other industries 
for benchmarking purposes as they seek to adopt best practices. This is particu-
larly true for organizational dimensions of EI, which can support developments in 
products and technological processes. 

 Policymakers and governmental agencies can also use our typology to identify 
industrial strengths and weaknesses. The typology can be used to examine the rela-
tionships between different dimensions of EI, which can form the basis for efforts 
to address barriers to radical and systemic changes. Our fi ndings suggest a lack of 
system-level (radical) changes and a lack of collaborative efforts with external part-
ners in Swedish industry. Given that some radical EIs require concerted efforts from 
a range of actors, we argue that a networked approach to EI might be benefi cial. 
Radical, systemic EIs require institutional support in the form of public policies 
(e.g., Markard and Truffer  2008 ; Dewald and Truffer  2011 ). In our opinion policies 
should support the creation of eco-innovation networks. 

 Whilst this study has produced relatively broad and comprehensive results, 
we feel that there are several aspects of EI that warrant further research. Whilst 
corporate reports are accessible and provide comprehensive databases, supplemen-
tary methods would provide more in-depth analyses. Mixed-method approaches 
using patent analysis, questionnaires, and interviews can (1) identify EIs across 
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all dimensions and in more detail and (2) assist in identifying drivers and barriers 
to EIs. Mixed methods could also adopt longitudinal and industry-specific 
perspectives.     
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    Abstract     In industrial clusters, cooperation among different actors operating in 
the same sector provides theoretical arguments in favor of the coordination of life 
cycle thinking initiatives, such as the sharing of green supply chain practices and 
the implementation of product-oriented environmental management systems, as 
well as other evolved environmental management practices. Grounding on the 
Eco- innovation “Imagine” project, this chapter describes a case study on the 
practical applicability of a cluster-based approach to life cycle management and, 
in particular, to life cycle assessment, one of the most innovative product-related 
environmental management tools. The project focused on four industrial clusters 
located in the Tuscany region (Italy), which have been involved in the implemen-
tation of local innovative environmental policies and tools, based on a life cycle 
approach, to improve their competitiveness. In-fi eld evidences are discussed and 
a roadmap is shown for supporting the coordination of life cycle management in 
industrial clusters.  

  Keywords     Environmental management   •   Life cycle assessment   •   Industrial clusters   
•   Eco-innovation   •   Supply chain management  
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10.1         Introduction 

 Industrial clusters, i.e., geographical concentrations of fi rms operating in the same 
supply chain (SC), still represent a promising research fi eld with regard to the 
connections between interorganizational approaches, environmental management, 
and SC management. 

 In industrial clusters, the coordination and cooperation among different actors 
operating in the same sector (and not even necessarily linked to the territory) tend to 
favor coordination of life cycle thinking initiatives (OECD  1999 ), sharing of green 
SC practices (Srivastava  2007 ), implementation of product-oriented environmental 
management systems (Klinkers et al.  1999 ), as well as other evolved environmental 
management practices (Iraldo et al.  2013 ). 

 This phenomenon cannot be explained merely by a greater sense of awareness 
and responsibility towards the environmental impacts that the industrial fi rms 
operating in clusters have, “outside the boundaries” of their production sites as well 
(Ross and Evans  2002 ). Rather, it seems to be the consequence of an intentional 
cooperative dynamic in relation to environmental issues, which actively involves the 
cluster companies. In fact, there is increasing evidence that cluster-based interorga-
nizational green management practices are boosting the development of new and 
more effective methodologies and approaches in environmental management. 

 Several studies have shown that a wide range of internal and external factors 
may push companies to “extend” the scope of their environmental management to 
upstream and downstream SC activities. Such factors include the need to respond 
to increasing pressures from external stakeholders (e.g., consumers or institu-
tions), the need to ensure compliance with more stringent environmental require-
ments, the willingness to align corporate strategies to societal needs, or simply a 
strategy to opportunistically gain a competitive advantage (Sharfman et al.  2009 ; 
Darnall et al.  2008 ; Nawrocka  2008 ). Corbett and Decroix ( 2001 ) emphasize that 
the need to extend environmental management practices to the SC is recurrently 
felt by larger and smaller companies when pursuing the aim of improving their 
environmental performances. 

 Unfortunately, despite several theoretical insights, there is still much to be 
done in order to support companies in considering interorganizational dimensions 
alongside intraorganizational ones when setting their competitive strategies and 
operational routines in the environmental and sustainability “arena.” 

 Demonstration projects play a fundamental role here in bringing theoretical con-
tributions into daily managerial practices. 

 The case study presented in this chapter describes the experience of the 
EU-funded “Imagine” project – Innovations for a Made Green in Europe – aimed at 
applying some innovative environmental policy tools in industrial clusters, creating 
an effective opportunity for small and medium enterprises (SMEs) and local busi-
ness communities to pursue sustainability objectives. The project focuses on four 
industrial clusters located in the Tuscany region (Italy), supporting them in imple-
menting local innovative environmental policies and tools, based on a life cycle 
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approach, to improve their competitiveness. Evidences of the applicability of a cluster 
approach to the implementation of life cycle assessment tools are discussed and the 
policy implications are examined.  

10.2     Theoretical Background 

 According to the scientifi c literature of the late 1990s, there is no doubt that 
interorganizational stewardships have a relevant role in addressing sustainable 
development pressures (Angell and Klassen  1999 ; Bansal and Roth  2000 ; Hart 
and Milstein  1999 ; Porter and Van der Linde  1995 ; Srivastava  1995 ; Sharma and 
Vredenburg  1998 ). 

 In the operations management area, systemic perspectives are recognized as 
particularly important when investigating SC approaches and management logic 
from an environmental point of view. In particular, interorganizational strategies 
are reported as solutions for coping with complexities associated with product, 
remanufacturing, testing, evaluation, returns volume, timing, and quality in 
closed-loop SCs (Guide et al.  2003 ; Rizzi et al.  2012 ). Thus, not surprisingly, 
integration and “contamination” of environmental and SC management studies 
are widely recognized as important when confronting the area of the management 
of sustainability (Srivastava  2007 ). 

 Unfortunately, such issues have been studied in depth so far only in relation to 
certain phases or activities of the SC viewed individually (e.g., green design, green 
procurement, reverse logistics, etc.) (Srivastava  2007 ; Sharfman et al.  2009 ). While 
a comprehensive theoretical framework in the fi eld of green SC management is 
under development, a number of management studies in the fi eld of interorganiza-
tional management argue that high interdependence and diversifi cation of func-
tional teams generally lead to greater exploration of possibilities of actions, at the 
cost of increased diffi culties in coordination. Examples were provided by Patrick 
and Echols ( 2004 ) for product evolution, Rivkin ( 2000 ) for fi rm development, 
Rivkin and Siggelkow ( 2003 ) and Levinthal and Warglien ( 1999 ) for organizational 
design, Gavetti et al. ( 2005 ) for strategic analysis, Choi et al. ( 2001 ) and Choi and 
Krause ( 2006 ) for SC management, and Lorenzen ( 2002 ) for industrial cluster 
coordination. In this framework, coordinating actions between corporate environ-
mental management systems (EMS) is likely to increase effectiveness and effi ciency 
of interorganizational exchanges. Darnall et al. ( 2008 ) argue that the skills and 
capabilities needed to manage a green SC are synergistic and complementary with 
those that characterize the implementation of an EMS. 

 The process of a gradual “opening” of an EMS is recognized as a signifi cant 
innovation in environmental management practices that requires the gradual assimi-
lation by enterprises and their management of a logic inspired by the so-called life 
cycle thinking. Product-oriented EMSs (POEMSs) (Klinkers et al.  1999 ) are a 
typical expression of the gradual extension of the objectives and scope of EMSs in 
a life cycle perspective. 
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 Non-collaborative relationships between the company itself and the actors that 
infl uence environmental impacts of production processes or products usually make 
ineffective the implementation of traditional corporate environmental management. 
By this logic, the goal of the extended EMS is not only to manage relations with the 
outside world but also to foster and promote actions and interactions through which 
many actors manage the impacts related to the different stages of the product’s life 
cycle (Sharfman et al.  1997 ). 

 Of course, POEMSs present both benefi ts and limitations. On the one hand, 
taking into account the entire life cycle, POEMSs can provide numerous opportunities 
to reduce the environmental impact associated with the products, either through 
unilateral ad hoc actions or through joint efforts involving different stakeholders 
along the chain (Sharfman et al.  2009 ) that have the capability to help achieving 
tangible improvements in performance (van Berkel et al.  1999 ; Charter and Belmane 
 1999 ; Brezet and Rocha  2001 ). On the other hand, the process of “opening up” the 
EMSs is not immediate or “painless” for businesses. In fact, life cycle approaches 
are often characterized by a strictly “engineering” perspective based on the technical 
reconstruction of all the steps needed to make a product. This does not refl ect the 
economic and commercial complexity of the value chain, which consists of the 
spectrum of relationships between SC actors that operate in the company’s various 
target markets (Heiskanen  2000 ). Studies show that the main diffi culty that compa-
nies face when implementing a product-oriented approach is precisely that the 
networks involved in the analysis and the companies’ network of relationships do 
not coincide (Fuller  1999 ). 

 The environmental impacts of a product often affect actors and stages of the life 
cycle with which the producing company seldom has direct contacts, making it 
diffi cult to manage these relationships as a system goal. It is worthwhile to note that 
commercial intermediaries, such as industrial distributors of raw material and inter-
mediate products, wholesalers, major retailers, and suppliers of secondary materials, 
introduce a “brokering” stage that contributes to loosening the links between the 
manufacturer and the other actors who play a key role in product management. This 
results in a reduced ability to infl uence (or simply interact with) the value chain 
(   Ammenberg and Sudin 2005; Fuller  1999 ). But these are not the only obstacles in 
building cooperative, or at least “coordinated,” relationships throughout the SC. 
First, there are obstacles to the fl ows of communication and information necessary 
for the development of life cycle logic in many large companies also because of 
diffi culties related to the compatibility between business information systems, 
confi dentiality and control over information, different languages and routines, etc. 
Second, transaction costs that the company bears in order to implement an eco- friendly 
product-oriented collaboration (e.g., attributable to the need to negotiate and reach 
agreements, defi ne common measures for environmental improvement, etc.) play a 
role that should not be underestimated (Sinding  2000 ). In fact, while intraorganiza-
tional eco-friendly initiatives can be developed according to a transparent economic 
analysis, interorganizational ones are often associated to search, information, bar-
gaining, and enforcement costs, i.e., those costs that are necessary to design and 
develop a useful collaboration but that can, sometimes, prevent it. 
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 The experience of these diffi culties has contributed signifi cantly to the development 
of methodological and management tools aimed not only at accounting for the 
impacts associated with the life cycle of the product but also at involving the suppliers 
in the assessment and quantifi cation dynamics of these impacts. Among these tools, 
the methodologies of life cycle assessment (LCA) are predominant. LCA has been 
extensively used to optimize closed-loop SCs as well as to improve product design 
and stewardship (e.g., Krikke et al.  2004 ; Sarkis  2001 ; Sroufe et al.  2000 ). LCA 
combines the possibility to use standardized datasets with the possibility to create 
along the entire SC the information and communicational channels necessary to 
collect and process specifi c data and information that allow the quantifi cation of the 
interactions between the “product system” analyzed and the environment (Pesonen 
 2001 ; Krikke et al.  2004 ; Sarkis  2001 ; Sroufe et al.  2000 ). 

 There are a number of factors that could make LCA an effective tool for improving 
the environmental performances throughout its SC (Hagelaar and van der Vorst  2001 ). 
Among these, fi rst, LCA must be considered a context-dependent tool, i.e., its 
results are closely tied to the defi nition of the objectives and scope at the start-up of 
the evaluation process. Thus, each application requires a fi ne-tuning of the agree-
ments among the actors involved (i.e., nature and extent of relations, the reasons for 
the agreements, property of the outcomes, etc.). Second, strict requirements have to 
be set, to preserve not only trust and openness but also transparency in the data shar-
ing and consistency in their production and management. Third, LCA requires 
motivations deriving from shared and long-lasting environmental goals. The design 
of an LCA guides the involved actors in a careful analysis of goals deriving from 
both external factors (e.g., competition within the sector or between sectors, regula-
tory conditions, pressure from stakeholders, etc.) and internal factors (e.g., interest 
in developing new knowledge, need for reliable accounting performance, etc.). 

 Unfortunately, setting these goals is particularly diffi cult when sustainability is 
the target (Lehtonen  2004 ; Elkington  1998 ). Sustainable development is an intrin-
sically complex dimension that requires coordination of social, environmental, and 
economic dimensions. An LCA (or any other environmental tool) that focuses on 
environmental parameters disconnected from social concerns may sometimes even 
be counterproductive to overall sustainability goals. As a consequence, since it is 
very diffi cult to understand interdependencies when social factors are involved, 
most studies do not attempt to do so. For example, Handfi eld et al. ( 1997 ), Melnyk 
et al. ( 2003 ), and Zhu and Sarkis ( 2004 ) have shown that environmental practices 
positively affect the fi rm’s operational performance, but they do not analyze social 
factors. Therefore, the implications of LCA for strategy have to be carefully ana-
lyzed. Considering that risk management is widely recognized as a core business 
function, the inability to identify key stakeholders and potential social outcomes is 
becoming an increasingly important challenge, yet one insuffi ciently addressed by 
traditional management approaches (Stone and Brush  1996 ). 

 From an analytical perspective, there are two complications: it may be diffi -
cult to identify not only interdependencies between parameters but also the key 
parameters. Conversely, beyond the reasons more closely tied to proactive and 
“value- driven” environmental management, the key drivers for the adoption of 
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life cycle approaches in cooperation with suppliers usually refer also to the 
uncertainty of information that governs the nature and extent of environment-
related impacts (Vermeulen and Ras  2006 ; Sharfman et al.  2009 ). In other words, 
the complexity and diffi culty of the decision-making processes frequently cre-
ated by this uncertainty are both drivers and constraints for the adoption of LCA 
in eco-management practices. 

 From a theoretical perspective, interorganizational initiatives in industrial clusters 
could help to manage costs and benefi ts of comprehensive life cycle approaches. 
Territorial approaches could serve the objective of supporting analytical LCA, i.e., so 
as to account for immediate physical fl ows like resources, material, energy, and 
emissions, etc., using average data for each unit process. Even more, they could 
support the so-called consequential LCA, i.e., the analysis of how physical fl ows 
can change as a consequence of an increase or decrease in demand for the product 
system under analysis. In fact, shared resources and goals could help in overcoming 
barriers to the inclusion of unit processes inside and outside of the product’s imme-
diate system boundaries and to the collection of economic data to measure physical 
fl ows of indirectly affected processes (Earles and Halog  2011 ). To this end, the so- 
called life cycle costing provides useful guidance on how to integrate “conven-
tional” accounting with an approach that allows for the identifi cation of longer-term 
strategic opportunities and effi ciency margins. 

 Unfortunately, interorganizational collaborations are not a spontaneous phenome-
non. According to Levinthal and Warglien ( 1999 ), the synchronization of behavior 
across organizations is crucial to facilitate cooperation. In fact, when actors only con-
sider the payoff implications of their local actions and ignore the entire topography of 
the landscape, they “myopically adapt” and only see illusory improvements. In other 
words, environmental management programs at the territorial level that are highly spe-
cialized but disconnected may not be as effective as management for sustainable devel-
opment, which is based on understanding, seeking out, and exploiting broad 
interdependencies. This recalls the theoretical contribution of Gavetti et al. ( 2005 ), who 
recommend analogical reasoning based on accumulated (multifaceted) experience and 
alertness, which are valuable resources to be shared in far-seeing collaborations. 

 Finally, it is possible to account for some additional evidences related to the 
implementation of tools linked to life cycle thinking in the logic of SC manage-
ment. When the LCA is really integrated into the EMS within a logic of SC dynamic 
management, it is to be assumed that those companies that use and promote this 
approach are able to affect the environmental impacts or infl uence the behavior of 
actors that are external to the “boundaries” of the companies’ organization. The use 
of LCA within SC relationships could provide important contact points, synergies, 
and complementarities with an “extended” EMS and its accounting for “indirect 
environmental aspects.” 

 The generation of added value through elaborations of available data is made 
possible, thanks to the cooperative relationship among the companies in the SC. 
Product-oriented logic can effectively engage the environmental management 
system of a company that operates as a producer or as a customer in any type of SC. 
This logic provides crucial support for the customer relationship management and 
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bridges the gaps of the system when it comes to identifying the customers’ and 
stakeholders’ needs, defi ning modes of interaction, handling complaints and returns 
(for environmental reasons), reviewing the contract (which can include require-
ments concerning the product’s impact), and measuring their satisfaction. These are 
essential elements in order to assess the environmental competitiveness and “green” 
marketing strategies implemented by the company itself. 

 In this regard, it is fi nally worthwhile to mention a specifi c opportunity in terms 
of marketing and environmental communication introduced by the possibility to 
certify the environmental impact of a product of a “local” chain or a group of 
producers on the basis of an international scheme based on the ISO 14025 standard. 
In detail, the EPD (Environmental Product Declaration) international system, currently 
managed by a body comprising representatives of some EU countries, offers the 
possibility to certify, alongside the environmental performances of a product or 
service of a single fi rm, also an “average” or “typical” territorial product. Once the 
EPD is validated and registered, it can be used effectively as a tool for communication 
and marketing, by linking it to the local product, the chain, or the sector of which 
you want to enhance the environmental benefi ts. 

 In order to shed some light on the potential solutions to the contrast between 
barriers and opportunities for the adoption of a cluster approach to life cycle think-
ing, this study addresses the following research question: is it possible to develop an 
LCA at cluster level so as to provide fi rms with a shared tool that is suitable for 
driving life cycle thinking initiatives? 

 The section that follows presents a demonstration of how the aforementioned 
theoretical background can be translated into practice at the territorial level.  

10.3     Methodology 

10.3.1     Context of the Study: The Project Imagine 

 The application of an LCA assessment of typical products of a cluster of SMEs was 
developed within the Imagine project – Innovations for a Made Green in Europe – a 
project funded by the EU Eco-innovation program. The project, started in October 
2009 and completed in October 2012, aimed to develop and apply an innovative 
method to support the implementation of an LCA-based cluster environmental man-
agement approach, oriented to identify, improve, and communicate the environmen-
tal performance of a typical product of a cluster of SMEs. The aim of this approach 
was twofold: (1) support SMEs, usually affected by lack of human and fi nancial 
resources, in performing an LCA to identify the environmental hotspots of their 
production processes and plan and realize actions in order to improve their effi -
ciency in the use of resources, and (2) defi ne communication tools to be used at the 
cluster level that summarize the environmental performance of the typical products 
in their life cycle and can be used to clearly inform consumers and clients on the 
environmental quality of the local products. 
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 Data for answering the research question were gathered through the following steps:

•    Identifi cation of suitable methodologies for life cycle assessment  
•   Identifi cation of the standards to be used in the validation process  
•   Desk analysis of the sector, based on available literature  
•   Defi nition of the protocols for the development of the life cycle assessment at 

cluster level  
•   Stakeholder engagement  
•   Collection of data  
•   Elaboration of data  
•   Validation of the results  
•   Discussion on their relevance for environmental management practices at 

cluster level    

 Within the project, this cluster approach to LCA was applied in four industrial clus-
ters located in the region of Tuscany (Italy), which represent the whole fashion SC:

 –    Industrial cluster of Prato (textile sector)  
 –   Industrial cluster of Santa Croce sull’Arno (tannery sector)  
 –   Industrial cluster of Empoli (clothing sector)  
 –   Industrial cluster of Lucca (shoe production sector)    

 The replication of the study in four clusters serves the scope to test both the con-
struct validity (i.e., whether the information gathered in each step refl ects dynamics 
that are not sector-specifi c) and the internal validity (i.e., whether the adoption of 
LCA tools is infl uenced by external and spurious relationships). 

 These sectors have been involved in testing the approach through the creation of 
SME-oriented LCA tools and models which, in the future, will be imitable and 
transferable in other similar SCs and in other European clusters. The approach relies 
basically on a cooperative and “modular” life cycle management of common envir-
onmental problems among four clusters that are linked with each other as part of the 
same SC. The products of Prato (textile fabrics) are used in Empoli for the clothing 
sector, while the leather produced in the cluster of Santa Croce is used both in Lucca 
for shoes and in Empoli for leather clothing. This approach aimed to enhance 
competitiveness in a high-quality industrial sector (fashion) as well as in the other 
“typical” traditional sectors that characterize the whole European productive system, 
to make it more integrated and to provide an advantage over external competitors. 

 To test the reliability of the research design, fi ndings have been discussed with local 
stakeholders. From an operational perspective, the fi rst step of the approach was the 
implementation, in each involved cluster, of the requirements of the EMAS Regulation 
(Reg. n. 1221/2009/CE) at the cluster level (Daddi et al.  2010 ), as a preliminary step 
towards an LCA-based approach. The actions foreseen by EMAS and implemented in 
a synergistic way at the cluster level by the Imagine project are the following:

•    Setup of a Promotion Committee composed of public and private actors represent-
ing the collective interests of a cluster and involved in the local environmental 
policies and strategies such as municipalities, provinces, control authorities, 
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trade associations, companies which provide local environmental services 
(i.e., waste collection and treatments, purifi cation of industrial wastewater), and 
local environmental associations  

•   Carrying out a Cluster Environmental Review, identifying and evaluating the 
most signifi cant environmental aspects in the cluster (as a basis for the primary 
data needed as an input for the subsequent LCA)  

•   Defi nition, by the Promotion Committee of an Environmental Policy for the 
whole industrial cluster, identifying the commitment of all the main local actors 
towards the continual improvement of the environmental performance of 
products and processes  

•   Elaboration and drafting of a Cluster Environmental Programme containing 
the detailed actions and measurable targets for operationally pursuing continuous 
improvements  

•   Promotion and carrying out of specifi c initiatives addressed to local actors 
(SMEs, suppliers in the local chain, service providers, local authorities, etc.) 
aimed at satisfying the commitments undertaken with the shared program    

 These steps allowed us to gather evidences on both the feasibility of the imple-
mentation of the cluster approach to LCA (i.e., through achieving the drafting of an 
LCA report in conformity to the reference standards) and its practical relevance as 
a driver for life cycle thinking initiatives (i.e., through observing its use during the 
elaboration of the Cluster Environmental Programme) (Fig.  10.1 ).

10.3.2        Coordination of Life Cycle Assessment (LCA) 
at Cluster Level  

 Grounding on this fi rst step, the following level of activities was directly related to 
the product environmental performance in the SC, which has been the main aim of 
the project. The idea underpinning the Imagine approach has been that of develop-
ing a “cooperative” LCA on which to build the policies and actions to be imple-
mented in the clusters for improving the performances throughout the life cycle of 
the targeted products. This group of activities mostly regarded the dissemination of 
the life cycle thinking approach in the companies of the clusters involved, through 
some supporting actions carried out by the Promotion Committee in order to per-
form four “modular” LCAs of the average products, representing the characteristics 
and impacts of the local SC. 

 The term LCA    methodology was fi rst coined during a SETAC (Society of 
Environmental Toxicology and Chemistry) conference in 1990 in Vermont (USA) 
and is defi ned as “an objective process of evaluation of environmental burdens asso-
ciated with a product (…) through identifying and quantifying energy and materials 
used and waste released into the environment, to assess the impact of these uses of 
energy and materials and releases into the environment and to evaluate and imple-
ment environmental improvement opportunities. The assessment includes the entire 
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lifecycle of the product (…), including extraction and processing of raw materials, 
manufacture, transport, distribution, use, reuse, recycling and fi nal disposal” (SETAC 
 1991 ). 

 The fi rst LCA studies were undertaken in the late 1960s and covered some 
aspects of the life cycle of materials and products to highlight issues such as energy 
effi ciency, consumption of raw materials, and waste disposal. 

 The development of LCA methodology culminated in the codifi cation of a fam-
ily of standards ISO 14040 (Environmental Management – Life Cycle Assessment), 
published in 1997. 

 In our study, we performed four LCAs, one for each typical product of the four 
involved clusters, as well as the drafting of the corresponding EPDs. To elaborate the 
mentioned four LCAs, the data have been collected from a total of 34 companies 
located in the four clusters. The companies were identifi ed according to the represen-
tativeness of their productive characteristics. In particular for each cluster the data 
gathering phase involved 6 companies of industrial cluster of Prato (textile sector), 6 
companies of industrial cluster of Empoli (clothing sector), 19 companies of industrial 
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  Fig. 10.1    Methodological approaches employed in the fi ve stages of the case study research 
(Stuart et al.  2002 ; Seuring  2008 )       
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cluster of Santa Croce sull’Arno (tannery sector), and 3 companies of industrial 
cluster of Lucca (shoe production sector). The different number should be linked to 
the characteristics of the productive process of the involved companies. So, for exam-
ple, the companies of Lucca had an integrated process that covers all phases and also 
the sum productive capacity has been considered representative of the whole produc-
tion of the cluster. On the contrary, the involved companies located in the tannery 
clusters were mainly small enterprises, and each of them represents only a specifi c 
phase of the production process. For this reason, we needed to involve a higher num-
ber of companies to assure the representativeness of the productive process. 

 The results of LCA studies allowed for the identifi cation of some key perfor-
mance indicators measuring the average impact of the production of the character-
izing products of the four involved clusters. The LCA study was developed in 
compliance with ISO 14040 standards (ISO  2006a ,  b ). 

 According to ISO, LCA is a technique for assessing the environmental aspects 
and potential impacts throughout the life cycle of a product or process or service, 
which is divided into four phases:

    1.    Setting the goals and boundaries of the system (goal and scope defi nition – ISO 
14041)   

   2.    Data collection (inventory analysis – ISO 14041)   
   3.    Environmental impact assessment (impact assessment – ISO 14042)   
   4.    Interpretation of results and improvement (improvement analysis – ISO 14043)      

10.3.3     Goal and Scope Defi nition 

 The goal of the LCAs was to assess the potential environmental impacts of the four 
average products and of their production chain. The results of the study are used for 
a twofold objective: on the one hand, to defi ne an environmental declaration including 
the average environmental performance of one of the characterizing products in 
each involved cluster and, on the other hand, to identify the environmental require-
ments of a local product ranking scheme, which aims to stimulate the environmental 
improvements in fi rms operating in each cluster. 

 This tool was also conceived to support local policies for greening the market, 
as suggested by several background documents published by the European 
Commission ( 2013 ). 

 The analysis was performed to evaluate the average production processes of the 
following products characterizing the involved cluster – leather, recycled wool, 
leather and wool coats, and leather shoes – so as to estimate the environmental 
impacts on the basis of a representative sample of companies and products and build 
on these results a consistent and appropriate requirements, tailored to the specifi cities 
of the local production.  
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10.3.4     Life Cycle Inventory 

 The most time-consuming step in the implementation of an LCA is the collection of 
data for the life cycle inventory. However, this stage is of utmost importance since, 
as often reported in the literature (Iraldo et al.  2013 ), there is a lack of reliable 
primary data. This step includes the data collection and the quantifi cation of the 
interactions between the investigated system and the environment. These interac-
tions comprise the use of natural resources, emission into atmosphere, and dis-
charges into water or on ground (Rubik et al.  2008 ). This is an iterative analysis 
since the data collection could determine new data needs or some changes in the 
study’s design (i.e., objective, scope, boundaries of the system). 

 For this study, companies from each cluster were involved in compiling a 
questionnaire developed for the purpose of collecting, for each unit process, 
quantitative data on inputs and outputs (raw materials, energy and water con-
sumption, waste production and transportation). Companies were involved 
through the local trade associations who helped organize public meetings to 
explain the general objectives of the Imagine project and the aim of the LCA 
study and to distribute the questionnaire, describing it in detail. Questionnaires 
were then collected by e-mail a few weeks later.   

10.4     Results and Implications at Cluster Level 

 The LCAs were performed on four typical products of the clusters: leather, recycled 
wool (so-called cardato), leather and wool coats, and leather shoes. As a fi rst, rele-
vant, result, no major differences emerged from the replication of the study in the 
four different contexts. 

 As mentioned above, the LCA did not focus on a single organization, but aimed 
to represent the average environmental impact of the typical product of each cluster. 
The application of life cycle assessment allowed to estimate the average environ-
mental impact of the fi ve selected products produced in the involved clusters by 
calculating the value of each of the following key performance indicators:

•    Global warming potential measures the level of warming of the atmosphere 
caused by human activities and it is accounted in kg CO 2  equivalents (Christensen 
 2009 ).  

•   Acidifi cation potential measures the level of acids and compounds which can be 
converted into acids released by the investigated production processes. That 
contributes to death of fi sh and forests, etc. It is presented in kg SO 2  equivalents 
(ISO 14042).  

•   Ground-level ozone potential measures the effect of human activities on the 
formation of photochemical smog caused by the release in the atmosphere of 
volatile organic compounds (VOCs). It is measured by kg ethane equivalents 
(ISO 14042).  
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•   Eutrophication is cause by the enrichment of nutrients (i.e., noxigen) in the water 
that determine algal bloom and, as a consequence, oxygen depletion and death of 
fi shes. It is measured by kg NO 3  equivalents (Beccalli et al.  2010 ).  

•   Gross energy requirement (GER) measures total energy consumption, both from 
renewable and conventional energy sources.  

•   Water footprint measures the total water consumption needed for the production 
of a product, including direct and indirect uses.  

•   Waste production is the total waste generated for the production of a product 
including both hazardous and nonhazardous waste.    

 The column 0 in Tables  10.1  and  10.2  shows the results of LCA studies of the 
fi ve selected products.

    The results of LCA studies were not used to defi ne “environmental quality 
standards” but as a starting point for the defi nition and implementation of innova-
tion processes to achieve environmental improvements. According to in-fi eld 
observations, it seems reasonable that each fi rm can compare its environmental 
performance with the “average value” measured in the cluster production and SC 
and accordingly rank its impact. This information can support the planning of 
strategic and operative actions in order to reduce the fi rm’s “environmental foot-
print” (e.g., by improving its resource effi ciency or by saving water or energy). In 
other words, a manager of a company operating in the cluster can both understand 
the environmental impact of the fi rm’s product and also identify opportunities to 
increase  effi ciency and trigger a cycle of continuous improvement. 

 In each cluster, starting from the results of the LCA, four performance levels 
were defi ned for leather, recycled wool, coat, and shoe production in order to allow 
each fi rm of the clusters to identify their own position compared to the average level 
of the cluster. This resulted in being a very useful tool for starting to coordinate 

   Table 10.1    KPI (impact category) of leather and wool production from LCA   

 KPI  Unit  III°  0  I°  II° 

  Leather (1 square meter)  
 Global warming pot  kg CO 2  eq.  29.44  26.77  24.09  20.1 
 Acidifi cation pot  kg SO 2  eq.  0.308  0.28  0.252  0.2 
 Ground-level ozone pot  kg ethene eq.  0.121  0.11  0.099  0.1 
 Eutrophication  kg PO 4  eq.  0.011  0.01  0.009  0.0 
 GER  MJ  40.85  37.14  33.42  27.9 
 Water footprint  l  349  317  285  238 
 Waste production  kg  3.19  2.9  2.61  2.2 
  Recycled wool (1 kg)  
 Global warming pot  kg CO 2  eq.  30.74  27.95  25.15  21.0 
 Acidifi cation pot  kg SO 2  eq.  0.11  0.10  0.09  0.08 
 Ground-level ozone pot  kg ethene eq.  0.011  0.01  0.009  0.0 
 Eutrophication  kg PO 4  eq.  0.231  0.21  0.189  0.2 
 GER  MJ  497  452  407  339 
 Water footprint  l  11,283  10,257  9,232  7,693 
 Waste production  kg  36.48  33.17  29.85  24.9 
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environmental improvement programs at cluster and corporate levels. Specifi cally, 
the standard level (0) indicates the value emerging from the LCA analysis of the 
identifi ed typical products of the clusters. Each organization can thus compare the 
key performance indicators resulting from own LCA with the standard level and 

   Table 10.2    KPI (impact category) of fi nal products from LCA   

 KPI  Unit  III°  0  I°  II° 

  Leather coat (1 unit)  
 Global warming pot  kg CO 2  eq.  177  161  145  121 
 Acidifi cation pot  kg SO 2  eq.  1.463  1.33  1.197  1.00 
 Ground-level ozone pot  kg ethene eq.  0.517  0.47  0.423  0.4 
 Eutrophication  kg PO 4  eq.  0.077  0.07  0.063  0.1 
 GER  MJ  3,023  2,748  2,473  2,061 
 Water footprint  l  1,561  1,419  1,277  1,064 
 Waste production  kg  132  120  108  90 

  Recycled wool coat (1 unit)  
 Global warming pot  kg CO 2  eq.  52  48  43  36 
 Acidifi cation pot  kg SO 2  eq.  0.70  0.64  0.576  0.48 
 Ground-level ozone pot  kg ethene eq.  0.022  0.02  0.018  0.0 
 Eutrophication  kg PO 4  eq.  0.077  0.07  0.063  0.1 
 GER  MJ  330  300  270  225 
 Water footprint  l  1,423  1.294  1,164  970 
 Waste production  kg  2.79  2.54  2.28  1.9 

  Leather shoes (1 pair)  
 Global warming pot  kg CO 2  eq.  7.18  6.53  5.87  4.89 
 Acidifi cation pot  kg SO 2  eq.  0.07  0.07  0.06  0.05 
 Ground-level ozone pot  kg ethene eq.  0.022  0.02  0.018  0.02 
 Eutrophication  kg PO 4  eq.  0.0022  0.002  0.0018  0.0015 
 GER  MJ  148  135  121  101 
 Water footprint  l  145  132  119  99 
 Waste production  kg  3.92  3.57  3.21  2.67 

   Table 10.3    Environmental performance ranking   

 Performance level  LCA results  Impact category 
 Suggested time 
for improvements 

 I°  Excellent 
performance 

 KPIs are 25 % lower than the 
value of the average 
performance of the cluster 

 Limited impact  3–5 years 

 II°  Good performance  KPIs are 10 % lower than the 
value of the average 
performance of the cluster 

 Mow impact but 
improvable 

 2–3 years 

 0  Average 
performance 

 KPIs have a similar value 
of the average 
performance of the cluster 

 Average impact  1–2 years 

 III°  Low performance  KPIs are 10 % higher than the 
value of the average 
performance of the cluster 

 Signifi cant impact  <1 year 
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verify in which position it is. Three performance levels were defi ned by the mem-
bers of the Promotion Committee in each involved cluster. The 3rd performance 
level means that a fi rm performance is lower than the average value in the cluster, 
the 2nd performance level means that a fi rm performance is slightly better than the 
average value, and the 1st level means that a fi rm performance is signifi cantly better 
than the average value (see Table  10.3  for details).

10.5        Discussion 

 The methodology proposed in the case study fosters a cooperative and integrated 
approach to environmental management at the cluster level, by involving all rele-
vant local actors and stakeholders in the actions for the improvement of the cluster 
(and the related SC) environmental performance. This approach relies on the coop-
erative nature of the business relations and on the potential synergies among com-
panies, on the similarity of the processes under the technical point of view, on the 
good social relations, and, fi nally, on the tight interactions between stakeholders 
that exist within the “industrial cluster.” 

 Since the fi rms located in the same industrial cluster are similar (as to process 
technologies, organizational structures, and managerial approach) and must 
confront the same environmental problems, it is possible for them to strongly rely 
on synergies that already exist at the cluster level to manage these problems effec-
tively and, even more, to improve their competitiveness based on this. 

 Moreover, organizations that belong to the same cluster have to face the same 
regulations and interact with the same stakeholders and with the same SC. This is 
particularly important when the cluster becomes the dimension in which “green 
supply chain management” tools are applied, such as the LCA. 

 The life cycle approach applied in the Imagine project took into consideration 
the whole range of resource fl ows and environmental pressures associated with the 
products of the involved clusters, from an SC perspective. It included all stages from 
the acquisition of raw material to processing, distribution, use, and end-of-life 
processes and all relevant environmental impacts, health effects, resource-related 
threats, and burdens to society. 

 Availability of primary data (mostly collected by questionnaires and direct inter-
views) and secondary (but specifi c) data resulted in being suffi cient for the develop-
ment of a good quality inventory. What is more, the proposed approach resulted in 
being effective in exposing any potential trade-offs between different types of envi-
ronmental impacts associated with specifi c characteristics of the products, and the 
policy decisions and management strategies that can infl uence these (e.g., design 
choices or SC management criteria). 

 In the described framework, the methodology of the project aimed to enable 
SMEs operating in the EU fashion sector to use the same cluster-based approach, 
and connected guidelines, to address their innovation strategies towards sustainability 
goals, towards environmental excellence. 
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 Final markets of fashion products are increasingly showing that they appreciate 
product environmental quality. There is a growing share of consumers that is reward 
sustainability-oriented producers and, especially, the products they offer on the 
market. This is why an LCA-based approach has been successful in the Imagine 
project: it helped companies in the cluster to communicate their environmental 
performance to those consumers and clients that are more sensitive and eager to 
valorize it in their purchasing decisions. 

 In addition to prompting the environmental quality of the cluster products, the 
proposed approach strongly relied on a second strategic “pillar”: guarantee and con-
trol. The tools adopted in the Imagine project – EMAS and EPD – both have a 
strong focus on the guarantees they can provide. They both rely on third-party 
certifi cation mechanisms that are perceived by the stakeholders as a safeguard for 
the credibility of the environmental excellence achieved by the organizations or by 
the products that are able to obtain them. This explains why the companies of the 
four clusters involved in the Imagine project trusted EMAS (that was already known 
and diffused among the most advanced companies of the clusters) and the EPD. The 
latter, even if less diffused than EMAS, was seen as a trustable guarantee on the 
environmental performance of the product and, especially, an effective way to 
 valorize them in the competitive arena. 

 Apart from the results connected with the actions oriented towards green 
products, the Imagine cluster experiences allowed the territorial areas involved to 
achieve important outcomes both at collective and at fi rm level. 

 At the cluster level, the project supported the acquisition of the EMAS 
Recognition of the Italian EMAS Competent Body for the four clusters involved. 
This special kind of recognition is issued by the national EMAS Competent Body 
only in Italy. It represents a further national development of article n. 37 of EMAS 
Regulation n. 1221/2009 (European Parliament and Council  2009 ) “Cluster and 
step-by-step approach” and states the following: “Member States shall encourage 
local authorities to provide, in participation with industrial associations, chambers 
of commerce and other concerned parties, specifi c assistance to clusters of organi-
zations to meet the requirements for registration as referred to in Articles 4, 5 and 6. 
Each organization from the cluster shall be registered separately (…).” 

 In September 2011, the four involved clusters obtained this offi cial recognition 
as an award for the environmental policies carried out in the clusters. Thanks to the 
obtainment of this recognition, the industrial clusters will be able to improve their 
competitiveness by setting up new green marketing actions, based on what they 
consider a real market opportunity, and could be even able to attract external invest-
ments, lured by the social and environmental “reputation” of the cluster. For exam-
ple, this recognition could be used by the cluster as a benefi t and a competitive 
advantage of the localization towards those companies that want to be located in an 
area with a high environmental management capacity (Daddi et al.  2012 ). 

 In addition to this, the LCAs on the main products of the four clusters helped local 
and regional policymakers in the identifi cation of the improvement opportunities for 
local industrial processes and technologies, as well as for the entire supply chain. On 
one hand, the local policymakers, as members of the Promotion Committee described 
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in the previous section, understood the relevance of the information emerging from 
the LCAs, and they fully exploited and valorized this information in developing 
ambitious Cluster Environmental Programmes that, contrary to what could be 
expected, were very much focused on product supply chain, rather than limited to 
innovation in local processes. On the other hand, the regional policymakers benefi t-
ted from the use of LCA as a source of information concerning the links and environ-
mental interdependencies and mutual infl uences between four industrial clusters all 
located in Tuscany, and therefore, the results were very much suited to be used as a 
basis for regional environmental improvement plans. 

 At the fi rm level, the Imagine experience has enabled single companies to achieve 
considerable environmental benefi ts. Thanks to the application of the EMAS cluster 
approach, nine companies obtained the individual EMAS registration before the end 
of the project. The support activities carried out in the four clusters let the involved 
SMEs to overcome some barriers that they usually have to tackle in order to obtain 
EMAS registration. For instance, the identifi cation of a common cluster audit team 
has surely been an effective support for the registered SMEs. The audit team carried 
out environmental compliance audits and trained the internal auditors in the involved 
SMEs. Common management and technological solutions were identifi ed at the 
cluster level and disseminated in the local SMEs to stimulate and sustain innovation 
and environmental improvement, a prerequisite of EMAS. 

 Furthermore, for each involved cluster, a panel of common performance indica-
tors were identifi ed in order to support the SMEs in measuring their environmental 
impacts and to facilitate benchmarking between the companies of the same cluster. 
The indicators took into account the “core performance indicators” suggested by the 
EMAS Regulation and included additional more sector-specifi c indicators as well. 
Finally a common structure of an EMAS Environmental Statement was elaborated 
in order to provide the whole cluster with a common tool that any company can eas-
ily adapt to its needs and specifi cities and use it as a green communication tool.  

10.6     Conclusion 

 The added value of the Imagine project experience, described in the previous 
sections, could be considered signifi cant from several points of view, both for 
practitioners and for researchers. 

 First, at the methodological level, the Imagine project strengthened and helped 
spreading the cluster approach for environmental management, especially by posi-
tively testing the application of LCA for typical “average products” of a cluster. It 
has to be emphasized that, for many reasons, this approach has proven to be much 
more effective than supporting single companies in the development of LCAs for 
their own specifi c products. Our work clearly shows that, by applying a cluster 
approach based on both environmental management systems and LCA, the compa-
nies located in the cluster are not only able to obtain and use the results of this 
“integrated” process to improve their environmental competitiveness, but they can 
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also benefi t from many support tools deriving from this cooperative approach. Each 
company that belongs to the clusters participating in the Imagine project has been 
able to acquire a reasonably precise information on the “average” impact of the typ-
ical product of the corresponding cluster, as well as a range of operational tools 
enabling them to use the LCA for:

 –    Improving the design of their products and the performances of their SC  
 –   Benchmarking their product-related and life cycle-based performances with the 

other co-opetitors operating in the same cluster  
 –   Using a “basket” of common indicators on key environmental performances for 

the sector and, particularly, for the cluster  
 –   Relying on a managerial and organizational common structure in the cluster 

(thanks to the twined EMAS cluster approach) that enables single companies to 
cooperate and create synergies in many innovation processes, especially relating 
to the product, its SC, and its life cycle    

 Moreover, in addition to the shared resources grounded on the “cluster LCA,” a 
set of tools to support SMEs in performing an “individual” LCA of their own product 
and in implementing EMAS to their organization was also created. The experience 
of the Imagine project demonstrated “in-fi eld” that for SMEs a feasible way to carry 
out an LCA at reasonable costs is to strongly rely on a cluster LCA (i.e., a study car-
ried out on an “average” typical product of the cluster) “adopting and adapting” the 
model to their own characteristics. In other words, an SME can save time and 
resources by using an LCA model created at the cluster level on the basis of the 
“average” product and by customizing it, i.e., by simply adding or better specifying 
the input data to the model, concerning the specifi c product and its life cycle. 

 The collective or “shared” resources, on one hand, and the support tools for the 
single companies, on the other, yielded interesting effects on market and 
competitiveness- related variables as well. 

 A fi rst relevant effect of the described approach is that working at the cluster level 
has been particularly effective in supporting the achievement of environmental 
improvements and innovation in products and processes. This was done mostly by 
successfully coupling LCA with an EMAS cluster approach, which is explicitly 
aimed at continuous improvement. By mixing LCA and EMAS at the cluster level, 
the outcome was to push the companies in the cluster towards the goal of continu-
ously improving the environmental performance in their SC and for all the relevant 
life cycle phases. In doing so, the LCA of the “average” typical product of the cluster 
has been used as a guideline to orient and drive the improvement decision- making 
process in the right directions along the SC. This resulted in the activation of some 
fundamental networks (pillars of the cluster approach) with suppliers and other key 
actors in the SC (e.g., the specialized technology providers at the local level). 

 A second consequence of promoting the cluster approach has been to consider-
ably improve the environmental communication strategies by the SMEs of the 
cluster. Prior to the Imagine project, few companies from the involved clusters 
provided reliable claims and environmental statements to the market and the 
stakeholders at large, whereas many others did not, which also created an unlevel 
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playing fi eld, particularly for SMEs, which do not have the same possibility to 
marketing their products as large fi rms. The aim of making a “cluster LCA” 
available for all the companies in the cluster was primarily to improve the capability 
of smaller companies to use credible data and indicators in their external com-
munication and marketing actions. 

 The Imagine project experience demonstrated how that cluster approach can be 
applied to valorize typical Italian products (such as apparel and shoes), allowing them to 
leverage their market appeal not only towards their traditional characteristics of quality 
and design but also promoting their “green” peculiarities. In fact, this experience showed 
that the application of a clear and transparent methodology to evaluate the environ-
mental impact of the products, such as the LCA, can be easily applied by SMEs as well 
and can generate several benefi ts and advantages at the economic and social level. 

 First, communicating environmental information transparently to the market and 
consumers enhances fair competition and fosters a more regulated internal market, 
reducing “greenwashing” practices. 

 Second, the adoption    of LCA can generate some benefi ts even for very small 
companies, such as the reduction of costs by revealing ineffi cient uses of energy 
and identifying excess waste; increase in revenues by identifying new business 
opportunities by gaining access to markets that require or give preference to 
businesses that adopt LCA; and the use of science-based standards, providing 
standard compliant information to suppliers and consumers in order to establish a 
competitive advantage. 

 Third, the approach also had an effect on the operating costs and business con-
duct. Since all the supporting actions of the Imagine project were grounded on a 
territorial basis and guided by a “local governance,” which intentionally stressed 
and valorized the strong links that exist in the cluster or in the related SC, the SMEs 
located in the cluster were really much more able to experience signifi cant economic 
savings compared to SMEs that operate outside the cluster dynamics. 

 Finally, the enhancement of LCA by adopting a cluster approach can also have 
valuable social effects. The spreading of the life cycle approach to evaluate the 
environmental impact of products and to better communicate their performance to 
the market may increase the demand for certain skills. LCA experts, green marketing 
professionals, and third-party verifi ers are the professions that could be positively 
affected by these actions. This was only partially observed during the Imagine, due 
to the limited scope of the project, but some preliminary signals on the market were 
emerging, especially in the segment of services and consultancy, where the know-
how and the expertise locally available defi nitely improved. Moreover, many 
employees were trained during the project and a general higher environmental 
awareness was achieved in the involved clusters. 

 Despite the achievement of some of these positive economic, social, and envir-
onmental effects during the development of the Imagine, one of the limitations of 
this study is that the project ended recently and, consequently, the authors were not 
able to monitor in depth its outcomes. Therefore, a future research opportunity can 
be to further assess the effects of the “shared resources” and the supporting tools 
developed in the four involved clusters.     
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    Abstract     The revolution generated by the emergence and spread of information and 
communication technology (ICT) has spawned a series of new technologies, novel 
applications, and ultimately innovative business models. This chapter presents a 
case study of a new technology business venture focusing on energy management 
systems and its evolution over the period of a decade. Transforming technology into 
functional products, which unite science and the marketplace, is the fi rst challenge 
to any new technology-intensive business venture. The fi rm that is the subject of 
this study has a trajectory that passes through different stages, from pure product 
orientation to pure service orientation, to developing product–service joint modes 
of operating and fi nally to continuously evolving product-related services. Rec-
ommendations for practitioners refer to aspects related to business model analysis 
and reconsideration of value generation in the form of holistic solutions, including 
technology-based products complemented with complex, value-added services that 
emerge in response to ever-changing sophisticated customer demands. The case is 
also rich in the different types of innovation discussed: ecology, product, service, 
and business model innovations being the key types.  
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11.1         Introduction 

 Europe’s growth strategy for the next decade is formulated in the Europe 2020 
initiative (EC  2013 ) according to which, “Europe 2020 strategy is about delivering 
growth that is: smart, through more effective investments in education, research and 
innovation; sustainable, thanks to a decisive move toward a low-carbon economy; 
and inclusive, with a strong emphasis on job creation and poverty reduction. The 
strategy is focused on fi ve ambitious goals in the areas of employment, innovation, 
education, poverty reduction and climate/energy.” 

 While innovation has early and continuously been acknowledged as an important 
contributor to socioeconomic welfare and development, energy has been moving up 
the priorities recently, passing from an initial ecological concern toward general 
policy-making for industry and business. As a consequence, the combination of 
innovation and energy has become a powerful binary, setting the context for ambitious 
political and business targets. Eco-innovation is the emerging term for innovations 
generating increased sustainability and resource effi ciency. 

 Environmental sustainability, understood broadly as development that “meets 
the needs of the present without compromising the ability of future generations to 
meet their own needs,” and resource effi ciency, best described as “improving the 
effi ciency and effectiveness of how we use resources, i.e., using less to do more, and 
causing less impact from those resources we do use” (EC  2011 ), are key issues in 
the new European journey in which all Quadruple-Helix participants – academia, 
business, policy-makers, and users/citizens – have a proactive role. 

 It is in this scenario of positive political and institutional disposition, and 
overall societal and public consciousness, complemented with the proliferation of 
Information and Communication Technologies (ICT), that business opportunities 
emerge and are transformed into useful solutions. However, there have been few 
cases of large-scale eco-innovation to date. Dissemination of good practice, through 
case studies, can be an initial step toward enhancing awareness and knowledge of 
sustainable practices and consumption. 

 The objective of the present chapter is to present the case of a company called 
Your Energy System (YES) which develops technology-based products, focusing 
on improving energy effi ciency, through an intelligent energy management system 
(EMS) with the overall aim of optimizing energy consumption. 

 The contribution of this case study is mainly related to the identifi cation of key 
success factors in the fi eld of eco-innovation, with the emergence of a new business 
model that intelligently combines value-added services and technologically 
intensive and complex products. This model ultimately translates into product–
service systems (PSS). 

 Companies continually strive to increase production, while in recent years it has 
become evident that providing products alone is insuffi cient to remain competitive 
(Yu et al.  2008 ). According to various authors (   Baines et al.  2009 ; Morelli  2003 ), 
the way to approach this new production system that combines products and services 
has followed one of two routes that have now fi nally converged: the fi rst route is 
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“servitization” which is the evolution of product identity based on material content 
to a position where the material component is inseparable from the service system, 
and the other route is “productization,” when the service component evolves to 
include a product or a new service component marketed as a product. Thus, the PSS 
can be seen as the convergence of these two trends, which end in the consideration 
of a product and a service as a single offering. 

 A dynamic approach is appropriate and a chronological logic is applied to 
demonstrate the evolution of the company from its birth in a university research 
group to the present day, in order to highlight the appropriateness of the strategy 
of bundling products and services as a way of responding quickly to changing 
customer needs. The case highlights four crucial steps through which the business 
passed, analyzing facts, barriers, and enablers that are used to demonstrate the power 
of the fi nal confi guration. 

 We have called the different phases (1) the knowledge-orientation phase, (2) the 
product-orientation phase, (3) the user-orientation phase, and (4) the solution- 
orientation phase. Critical junctions represent intermediate steps or transition stages. 
They are defi ned in the spin-off literature as those diffi culties that businesses 
have to overcome in order to pass from one development stage to another (Vohora 
et al.  2004 ). Before describing the phases, a note on the methodological approach 
is pertinent.  

11.2     Methodology 

 In the general fi eld of innovation studies, the application of a range of methodological 
initiatives and a variety of approaches has produced an increased maturity in the 
fi eld. A recent survey of innovation studies (Hong et al.  2012 ) attempts to sys-
tematize and describe the existing initiatives. Despite the strong technological 
basis, data collection about eco-innovation data is still in its infancy. Due to the 
high cost of surveys, varying defi nitions and understanding of the concepts, and 
frequent use of umbrella or aggregate terms, it is not possible to rely on systematic 
measurements using standard instruments that are valid for all industries, sizes of 
enterprises, or countries. 

 It is in this scenario that the qualitative approach is selected, as appropriate for 
answering “how”- and “why”-type questions, because knowledge in the fi eld of 
eco-innovation is distinct from other more traditional products and processes which 
may be considered innovative. 

 Moreover, case research enables researchers to immerse themselves in rich data 
and refl ect on the longitudinal or dynamic progress of an establishment or phe-
nomenon. Cases are descriptions of particular instances of a phenomenon that 
are typically based on a variety of data sources (Yin  1994 ), and cases can range 
from historical accounts to contemporary descriptions of recent events (Eisenhardt 
and Graebner  2007 ). 
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 Secondary sources of information, from the Internet, press releases, and the media, 
were collected by examining the corporate website, annual reports, and various 
texts (Bikfalvi and Serarols  2008 ) of the participating company. This data collection 
was especially useful in helping us become familiar with the fi rm and its mission, 
vision, and activities. 

 Since our primary aim was to answer the what, how, why, who, where, and when 
of the phenomenon under investigation, an interview guideline was prepared and 
three interviews were conducted between February and April 2013 to clarify all the 
details. The primary methodological instrument was an open-ended interview 
guide that included a limited number of concrete topics and which was used during 
the face-to-face interviews in the respondents’ daily workplace. 

 The interviews lasted between half an hour and one and a half hours, and the 
CEO and founder of the company as well as two key employees were invited to 
participate in the working sessions. Their previous academic background made 
them sensitive to our request and open to requests for cooperation. All interviews 
were recorded and fully transcribed. This procedure was followed by a within-case 
interpretation, meaning that two of the authors independently analyzed each inter-
view and looked for patterns and themes previously agreed upon. A table template 
(see later in Fig.  11.2 ) was used, and an additional document links the topics with 
relevant literal citations. This chapter includes a considerable number of quotes 
from the original data to preserve transparency in the descriptions and to provide 
valuable illustration. 

 The explanatory power of a single case remains limited; in general terms, its main 
usefulness lies in its practicality and closeness to reality, as Siggelkow – a defender 
of case studies – states “A paper [based on case research] should allow a reader to see 
the world, and not just the literature, in a new way” (Siggelkow  2007 : 23).  

11.3     The Case 

 In this section, we describe the case from a process perspective, describing the different 
phases of development. This is followed by a detailed review of critical junctures. 
At the end we list, and briefl y comment on, the different innovations in the case 
study and how they coexist. The outline of this section is depicted in Fig.  11.1 .

11.3.1       Phases 

 Over the period of more than a decade, YES evolved through a variety of phases, 
shown below under four main headings, representing key periods in its evolution: 
(1) from knowledge to product, (2) from product orientation, (3) from service 
orientation, and (4) from service to integral solutions. 
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11.3.1.1     The Knowledge-Orientation Phase 

 The former head of the Department of Computer Engineering at the University of 
Girona, Spain, is a very ambitious, visionary, and active man, who wanted to promote 
technology transfer between the university and industry. After obtaining the results 
of their research, he told colleagues, “By the end of the year each of you could 
have your own company.” The results of this statement did not take long to surface. 
Within a few months, two people from research group dealing with underwater 
robotics and artifi cial intelligence created a company called YES. The origin of the 
company, a university spin-off at that time, had the typical characteristics, limitations, 
and advantages of being born in a public entity and starting the journey of commer-
cializing its research. 

 The majority of universities consider that the rules used for promotion on the 
professorial scale confl ict with the entrepreneurial culture. This cultural problem 
refl ects the sensitive issue of the ultimate ends of university research. This issue has 
long been avoided because of the strong infl uence of the “scientifi c” paradigm on 
the academic culture. According to that paradigm, the sole purpose of academic 
research is to increase and enhance human knowledge, regardless of any practical 
application. This paradigm recognizes only two ways of exploiting knowledge: 
(1) publications (i.e., books, articles, or conferences) that contribute to the collective 
and cumulative process of knowledge production and (2) education that provides 
students with opportunities to learn the latest scientifi c fi ndings and discoveries. 
According to this conception, academic research is clearly a public good. 

 This paradigm has contributed to a system of values that is deeply rooted in the 
academic culture and that opposes the commercialization of research through 
spin- offs. In this system of values, three features seem particularly diffi cult to change: 
(1) the “publish or perish” drive, (2) the ambiguous relationship of researchers to 
money and (3) the “disinterested” nature of academic research. 

 Transforming a remote-controlled underwater robot with ecological functionalities 
into an unmet market need was the real challenge at this point. The entrepreneurial 
team decided to start to explore applying remote control and embedded solutions, 
principles, and technologies and transformed them into a product targeting 
ecological and energy-related functionalities. At that stage the robot, as a product, 
was abandoned.  

Knowledge
orientation

Business
opportunity

Threshold
of credibility

Threshold of
sustainability

Product
orientation

User
orientation

Result
orientation

  Fig. 11.1    Case outline – phases and critical junctures (Note: The upper concepts represent phases 
of evolution; the lower concepts represent critical junctures)       
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11.3.1.2     The Product-Orientation Phase 

 The core technology used is grounded in the know-how developed by the group in 
embedding computers and free software applications (Linux-uClinux) obtained 
during years of research in robotics and computer research. An embedded system is 
a special-purpose system in which the computer is completely encapsulated in the 
device it controls. Unlike a general-purpose computer, such as a personal computer, 
an embedded system performs one or a few predefi ned tasks, usually with very 
specifi c requirements. Since the system is dedicated to specifi c tasks, design 
engineers can optimize it, reducing the size and cost of the product. Some also have 
real-time performance constraints that must be met, for reasons such as safety and 
usability; others may have low or no performance requirements, allowing the system 
hardware to be simplifi ed to reduce costs. 

 Embedded systems are often mass produced, so the cost savings may be multiplied 
by millions of items. The rise of the World Wide Web has given embedded design-
ers another quite different option, by providing a web page interface over a network 
connection. This is useful for remote, permanently installed equipment and avoids 
the cost of a sophisticated display, providing complex input and display capabilities 
when needed, on another computer. 

 Specifi cally, the team adapted the know-how they had developed in the robotics 
research group in embedded solutions to a commercially feasible application: 
remote Internet-based supervision systems for installed equipment like communal 
boilers (central heating), security, meters, and other applications. 

 The real innovation is the application of embedded technology to a fi eld that did 
not employ this technology previously. The remote Internet-based supervision 
application is now a very promising market, exhibiting exponential sales growth. The 
benefi ts of controlling and supervising any application remotely, such as cost 
reduction and effi ciency, are obvious, according to the founders: “We are very 
innovative in our target market by adapting embedded technology to work with 
other applications.” 

 The functioning of technology can be summarized in six different steps:

 –    Gather information through meters (fl ow, temperature, electricity, etc.).  
 –   Detect any malfunction of the device (there are certain anomalies that can be 

solved without human intervention; thus, the system can correct it, e.g., a low 
operating temperature of the boiler).  

 –   Solve the problem automatically by the system.  
 –   Store all this information in the central memory.  
 –   Send alerts and other information through an Internet connection.  
 –   Human intervention in case it is needed.    

 At the time the company was created, they were strongly focused on developing 
the product, and no attention was paid to possible related value-enhancing applications. 
The team assumed that the customer would be the one to use the tool to generate 
all the data. These data were converted into information, and this information would 
be further used in a decision-making process. 
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 At this stage all attention was focused on transforming the technology into a 
functional product. They generated two differentiated products. In the beginning, 
YES focused on offering embedded solutions in custom energy applications to 
control communal boilers to provide hot water and central heating. Their fi rst 
product, called DSE1 (Device to Save Energy – Home), was applied to a block of 
fl ats in the university’s neighborhood. DSE1 was designed for blocks of fl ats that 
had a communal boiler which met the heating and hot water requirements of 
each apartment. The system permits remote control of the supply of hot water and 
heating, thereby achieving a signifi cant energy saving. Moreover, DSE1 allows 
the measurement of each apartment’s consumption. The fi nal objective of such 
supervision is to improve the system’s effi ciency and to facilitate its maintenance. 
In addition, all the equipment was remotely supervised through online Internet-
based technology. 

 After their experience with this product, the founding team thought that these 
embedded solutions could also be applied to other fi elds, such as hotels. Therefore, they 
developed a product to manage all the services available in a hotel room. These services 
include the control of the air conditioning, minibar, emergencies, fi re alarms, opening 
doors, blinds, etc. This product was named DSE2 (Device to Save Energy – Hotel). 
DSE2 is a system that controls and monitors hotel rooms. It offers energy savings 
and better comfort and quality of services in the room. The core of the system is 
managed by an electronic board named DSE2. This is an intelligent device capable 
of simultaneously controlling different rooms. Located in different areas of the hotel, 
a communication bus board allows each module to manage the extensions placed in 
each room. Because it uses a modular hardware design, the system is easily adaptable 
to the needs and requirements of any hotel. The following facilities offered by DSE2 
can be highlighted:

 –    Air-conditioning control of every room: an interval of temperature is established 
in order to avoid excessive energy consumption. The system can distinguish 
whether the rooms are occupied or not.  

 –   Devices to save energy: for example, there are mechanisms that switch off the air 
conditioning when they detect that doors are open.  

 –   The minibar can be monitored.  
 –   Security warnings: intrusion, emergency, fi re, etc.    

 A computer server monitors, collects, and stores the data provided by the electronic 
board (DSE2) about the current state of each room. It also allows storing and analysis 
of archival data in real time. In addition, the current state of each room can be accessed 
and consulted from any computer with Internet access. This software application 
is fl exible and adaptable to any user’s needs and helps the generation of strategies 
for saving energy. 

 At this time they realized they were certainly very focused on the product, and 
they left the management of the information generated by the product in the hands 
of the customer. The correct application of the information generated by DSE2 cov-
ered many requirements related to improving energy management, but the customer 
could not or did not know how to handle this information correctly. 
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 Based on the defi nition of the business idea, the entrepreneurs investigated 
the main needs this product should meet. According to the managers: “We wanted 
to provide a product that served the following needs: energy saving, above all, 
real- time control of the building, the possibility to exactly determine the individual 
consumption of each apartment, record keeping that permits the analysis of historical 
data, analysis of global profi tability of the installation/equipment, real-time alerts 
and warnings … And all these, through embedded systems which are cheaper than 
using microprocessor technology.” 

 Once the fi rst product was successfully installed, the team directed its efforts to 
two different activities: (1) the development of DSE2, due to a purchasing order that 
came from a local hotel via the original university research group, and (2) marketing 
actions to launch DSE1, the fi rst product commercialized by the company. 

 The products’ potential was evident, but the team was facing problems in the 
sense that reality did not meet expectations, since the product did not have the 
expected success. This made them refocus their business, so that it was clearly 
aimed at improving energy management. The key question the founders asked 
themselves and which fi nally changed their vision was: “How is it that a product 
that is so good and so useful for managing and saving energy does not have spec-
tacular success?”  

11.3.1.3     The User-Orientation Phase 

 At this stage new competitors from abroad were appearing on the scene. The 
environment was changing for remote supervision companies. This change in the 
environment signifi cantly affected the business: their competitors caught up with 
EMS-embedded technology by using better microprocessors and embedded systems 
capable of offering the same benefi ts at a lower cost. 

 Nevertheless, the main problem was probably the long maturation time before 
sale conversion. In the building industry, it takes at least 1 or 2 years from the planning 
stage until the building is constructed. Despite this problem of cash conversion, it 
was clear that the problem was not in the marketing strategy of the product, nor in the 
people who did it: “The problem was that we couldn’t sell our product any more.” 

 Given the previous arguments, the team realized that the business opportunity 
they were planning to exploit would not provide enough revenue to survive in the 
short run. At this point, YES was in a very delicate situation: costs were greatly 
exceeding revenues, sales forecasts had been too optimistic, marketing actions had 
not succeeded and new competitors were appearing on the scene. Therefore, a dif-
ferent strategy was needed. 

 Furthermore, the team decided to increase its customized software development 
activities until they would reach the break-even point or they would fi nd more funding 
to conduct a new sales strategy. In this “new” strategy, focused only on the service, 
they even put aside their initial product. It was a clear application of the pendulum law. 

 Gradually, client companies having DSE1 and DSE2 products started asking for 
an extension of the service they were provided.  
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11.3.1.4     The Result-Orientation Phase 

 According to the CEO, “If one thing was clear for us is it was that we had to stay in 
the fi eld of energy effi ciency. We always saw a huge potential in it. The question 
was how if not with the product/s we have been developing over years.” Initially, 
and in response to client companies’ requests, YES offered primary services of 
information management and exploitation (of the information collected and stored 
by the product). It was at that point that an important step toward the product–service 
system (PSS) was made. The ultimate PSS objective is to increase a company’s 
competitiveness and profi tability (Geng et al.  2010 ), while another PSS objective is 
to reduce the consumption of products through alternative scenarios of product use. 

 PSS represents an opportunity to shift from selling products to selling solutions 
through the use of these products. Thus, it becomes an opportunity to create value 
for the provider and to differentiate from competitors and customers by delivering 
personalized products and services, as already identifi ed in the literature. They con-
vert their production to “servitization,” as the evolution of product identity based on 
material content to a position where the material component is inseparable from the 
service system. 

 The future at this moment was clear for YES. They offered a service through the 
installation of their product in the buildings and facilities and, as a new business 
line, in existing facilities. Thereby they could improve the energy cost by managing 
and monitoring buildings better. In addition, they opened a new business related to 
the maintenance of the installation, the update in terms of control and the adequacy 
of policy actions in order to improve the effi ciency of installations. Initial product 
marketing was transformed into service marketing.  

11.3.1.5     Summary 

 Figure  11.2  summarizes the main phases and relevant characteristics of each.

11.3.2         Critical Junctures 

 In this section, we describe the different critical phases the company went through 
to reach its present status. 

11.3.2.1     Opportunity Recognition and Entrepreneurial Orientation 

 Opportunity recognition is the ability to synthetize scientifi c knowledge with an 
understanding of markets, and it is a very important step. Identifying components 
of the concept “remote-controlled underwater robot with environmental functional-
ities” that would work as a solution for business made the team decide to leave their 
core fi eld of robotics and automation behind and focus on the extremes: remote 
control on the one hand and the environment on the other. Thinking back the CEO 
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explains: “People always say that having an entrepreneurial background or history in 
the family has a certain infl uence and can be helpful when detecting an opportunity. 
My father had his own business…Meanwhile, my department was saturated with 
academic staff and they communicated to me that my chances of following a univer-
sity career were really low. At this point, I started liking the idea of becoming an 
entrepreneur both by necessity and by opportunity.” A research internship spent in a 
foreign country and the support received from the closest colleagues turned into 
factors favoring the decision. The prestige of the research group in terms of publica-
tions, patents, awards of excellence, contract research, and the potential of the 
technology developed during the PhD years complemented the previous reasons. 

 Entrepreneurial orientation and commitment are the contrast between the venture 
champion as developer of the business and academic individuals who lack entrepre-
neurial capabilities. The abyss between those in the “Ivory Tower” and those willing 
to fi nd “immediate and dirty solutions” is huge. It is common, up to a certain point, 
to all companies emerging from higher education institutions (HEIs). The collision, as 
it was defi ned by the CEO, between the academic world and enterprise reality made 
university researchers grow up fast: “It was like making three MBAs in 6 months. 
Even attending a new venture creation management post- graduate course, my daily 
attributions and work tasks were going faster than the teaching/learning process.” 

 It is often recognized that the support received from certain key persons at this 
stage is fundamental. The group leader and co-founder of the company as well as an 
ex-PhD student, friend of the founder and co-founder of YES, initiated the entrepre-
neurial journey. The positive reading of the circumstance was that they were part of 
the same situation and apparently had the same aspirations. As time passed, discrep-
ancies in interest and other job opportunities meant that they grew apart and became 
more distant from the business. The CEO remembers, “One day I was informed that 
he did not want to be an entrepreneur and I fully accepted and respected his choice. 
Regarding my own situation, exiting the university was a gradual process, during a 
time I combined teaching tasks with the daily business activity … however I realised 
that you are in or you are out of the business. At that stage I decided that I’m in!”  

11.3.2.2     Credibility Threshold 

 This stage refers to the entrepreneur’s inability to gain access and acquire an initial 
stock of resources necessary for the business to function. 

 Before the crisis hit Spain, public funding was an important source of fi nance for 
new university ventures. Seed    capital provided by the regional development agency 
in cofi nanced conditions, the Torres Quevedo program funding for incorporating 
PhDs in business, technological centers, entrepreneurial associations, and science 
and technology parks with the primary aim of industrial research or technological 
development were only some of the subsidies received by YES that helped the 
company to struggle through a series of initial obstacles. 

 In the CEO’s vision, fi nancial resources are fundamental: “The crisis affects us 
relatively little because since our initial existence we have been facing continuous 
crisis. They say when things don’t work change them. Change implies doing things 
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differently or doing new things … that ultimately translates into expenditure related 
to these new things or new ways of doing things. Subsidies were available some 
time ago, the good news is that we had them then and they are not vital for us now.”  

11.3.2.3     Sustainability Threshold 

 This phase refers to generating revenues from customers and milestone payments 
from collaborative agreements for investments from existing or new investors. 

 Each time more clients were pressuring toward help in their decision-making 
processes, meaning exploiting energy consumption-related information is a useful 
and user-friendly format. At this point the team started raising the question to its 
clients: “Here you have the hardware, what do you want from it? What information 
and in which form it would be useful in decision-making based on energy audits?”    

11.4     Orchestrating Innovation 

 The OSLO Manual (OECD  2005 ) defi nes product innovation as the introduction 
of a good or service that is new or signifi cantly improved with respect to its char-
acteristics or intended uses. This includes signifi cant improvements in technical 
specifi cations, components and materials, incorporated software, user friendliness 
or other functional characteristics. 

11.4.1     Product Innovation 

 The term innovation is generally associated with product innovation which most 
often refers to a physical good. In people’s common understanding, this is the 
most clearly identifi ed type of innovation. This assumption is complemented by 
the fi ndings of a recent and comprehensive review on the state of research in the 
fi eld of innovation management. Keupp et al. ( 2012 ), after reviewing 342 articles, 
show that product innovation received major attention in the fi eld of research. 

 For the particular case of YES, their initial objective was to create the new device 
DSE1 fi rst, followed by DSE2. The new product was new to the fi rm and also new 
to the market the fi rm was operating in. It is a combination of existing technology 
in the fi eld of underwater robotics and artifi cial intelligence applied in a totally new 
fi eld, mainly buildings. The founder’s PhD years represent a strong research and 
development phase that, after one and a half years, turned the products of the 
doctoral degree into functional products. 

 At present DSE1 is an energy management system for buildings using collective 
boilers, and it enables the measurement, regulation, and remote control of energy 
consumption. The core of the system is the electronic circuit DSE1. The board is 
installed in each apartment/house, and it permits the individual monitoring of energy 
consumption.  
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11.4.2     Service Innovation 

 The same manual states that innovations in services can include signifi cant 
improvements in how they are provided (e.g., in terms of their effi ciency or speed), 
the addition of new functions or characteristics to existing services or the introduction 
of entirely new services (OECD  2005 : 48). In 2013, the full range of services provided 
by the energy management business are shown in Fig.  11.3 . Most of them were 
offered after 2012, and they account for 80 % of the turnover of the company.

11.4.3        Eco-innovation 

 According to the EU, “Industry remains one of the core driving forces behind the 
technical and technological innovation required for greater sustainability and resource 
effi ciency. Eco-innovation is the emerging term for innovations specifi cally directed 
at this area.” The term is comprehensive in the sense that it can refer to goods, 
services, and processes, without differentiating between them. 

 The Eco-innovation Action Plan is the formal policy instrument to promote 
initiatives in the fi eld of sustainability and resource effi ciency. According to this 
document, “Eco-innovation in companies leads to reduced costs, improves capacity to 
capture new growth opportunities and enhances their reputation among customers. 
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It is therefore a powerful instrument, combining reduced negative impact on the 
environment with a positive impact on the economy and society.” Eco-innovation 
supports innovative products, services, and technologies that make better use of 
resources, while reducing Europe’s ecological footprint. 

 Overall, YES appears as a double player in the issue of eco-innovation:

 –    As an eco-innovator creating and exploiting a business based on solutions aimed 
toward energy consumption optimization  

 –   As an eco-innovation booster since the integration of its solutions into client sites 
creates eco-innovation in all implementing organizations    

 Impact assessment shows that Europe is in a situation best described by the phrase, 
“A lot has been done, but there is still lot to do,” and the absolute value impact 
of individual business, either as solution providers or eco-innovative solution 
integrators, is only beginning. Proactive awareness is best summarized in the phrase, 
“Everybody counts.”  

11.4.4     Business Model Innovation 

 Chesbrough ( 2010 ), citing Osterwalder’s business model approach, writes about 
business model innovation, a renewal, or change in any or all areas of the business 
model (see Fig.  11.4 ).

   In order to clarify the innovative business model associated to the energy 
management systems, we center our attention on the description of its three major 
areas most affected by innovation which are:

   Value proposition and key activities – YES initially offered the DSE products with 
two basic associated services: basic training and technical maintenance. While 
marketing actions were intensive, the desired results were elusive. A deviation 

KEY
ACTIVITIES

PARTNER
NETWORK

KEY
RESOURCES

COST
STRUCTURE

Source:http://bussiness-model-design.blog-
spot.com/2005/11/what-is-bussiness-model.html

VALUE
PROPOSITION

CLIENT
RELATIONSHIPS

CLIENT
SEGMENTS

DISTRIBUTION
CHANNELS

REVENUE
FLOWS

  Fig. 11.4    Osterwalder’s 9-point decomposition of a business model (Source: Chesbrough  2010 )       

 

11 Toward Joint Product–Service Business Models: The Case of Your Energy Solution



216

from the core product happened in a subsequent phase and the team developed 
software and some new services were added to the products. This service phase 
shifted to what is the actual business model product–service system in which the 
company combines technologically complex products with value-added  services, 
based upon client requests.  

  Partner network – a strong initial relationship to the spinning-out university and 
research group has gradually lost intensity, especially after the fi rst sales and 
business customers. The main focus of YES was to target big corporations 
through a variety (in quantity and typology) of relationships: customer, preferred 
distributor, provider, partner, and collaborator, among others.  

  Revenue fl ows – originally revenues were generated by selling products and in the 
next step software licenses. The actual and innovative form is generating 
revenues as a part of savings generated by energy consumption and reduction 
due to YES products.      

11.5     Findings and Discussions 

11.5.1     Lessons Learned 

 Lesson 1 – The entrepreneurial adventure. Driven by a series of strong motivations 
and circumstances – entrepreneurial background, willingness to have something of 
one’s own, insecure future at the university, strong technology, and knowledge 
base – YES was born in 2004 as a university spin-off commercially using knowl-
edge generated in a research group. At present it has 11 full-time employees and 
offers integral solutions in the fi eld of energy management, software development, 
and ICT-related services. Its core business consists of exploiting a product–service 
system. The transition from product to an integrated bundling of product and 
services is described in the present case study paying attention to the main phases 
and critical stages catalyzing them. 

 Lesson 2 – Energy as an emergent fi eld for business. In the relatively recent past, 
energy was often characterized by environmentalists who were vehement in their 
discourse and action. ICT, policy-making, and general societal interest make the 
subject popular in almost all fi elds. Business did not balk in identifying opportunities 
either as solution providers or, increasingly as time went by, as solution integrators/
users going beyond the limits of legal minima and combining efforts to achieve a 
better future. 

 Lesson 3 – Eco-innovation is a must for all. Energy solutions in the business fi eld 
either aim to do things better, to do the same or more with less, or to change the way 
to do things. These terms used in popular contexts correspond to energy effi ciency 
and environmental sustainability, necessarily through innovation. Eco-innovation 
appears as a transversal possibility for any type and size of business, whatever their 
location. Although implementation in the short term has an inherent cost, the benefi ts 
in the mid-long term are exponential. 
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 Lesson 4 – Small businesses offer big solutions. Traditionally businesses in the 
fi eld of energy have been big corporations, usually multinational conglomerates 
operating on a monopolistic basis. Now reality is changing. Even civil society has 
contributed in some countries, like Germany, the Netherlands, and Spain, and 
cooperative- style organizations are reaping the early fruits of their actions. The 
business sector is diverse, and small- and medium-sized companies complement 
big multinationals. Our story of a small young business shows the advantages of 
fl exibility, adaptability, continuous learning, ability to respond, low structural costs, 
and ultimately success. 

 Lesson 5 – Key success factors: network, position, and reputation. At regional 
level, as the initial operating area of a new business venture, it is crucial to be part 
of relevant industry platforms, clusters, networks, and associations. YES is part of 
the Catalan Energy Effi ciency Cluster. Being small, having big brothers is an advan-
tage. One key strategy followed by YES is the entrance and consolidation of its 
position through a close relationship with organizations with a good reputation and 
strong market position in the fi eld of energy (Gas Natural, Endesa, Kamstrup, 
Barcelona Energy Agency). The ability of YES to win different prizes and subven-
tions in competitive public calls from the regional development agency (ACC1Ó) 
has positively contributed in generating a reputation and increasing user confi dence. 
This aspect is especially important for a new business since users are the ultimate 
barometer for an innovation to be successful.  

11.5.2     ICT for Eco-innovation 

 For the specifi c fi eld under analysis, evidence from the case study points to three 
vital aspects of how ICT can be used for generating eco-innovation (see Fig.  11.5 ).

   In the following we describe the pillars of a 3S model that stands for small, 
smart, and supportive.

 –    Small: the reduction in size of PCs and electronic devices has led to the possibility 
of the creation of embedded systems. These are special-purpose systems in 
which the computer is completely encapsulated by the device it controls. Unlike 
a general-purpose computer, such as a personal computer, an embedded system 
performs one or a few predefi ned tasks, usually with very specifi c requirements. 
Since the system is dedicated to specifi c tasks, engineers can optimize it, reducing 
the size and cost of the product they are integrated in.  

  Fig. 11.5    3S model of ICT 
for eco-innovation       
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 –   Smart: adding the adjective smart to concepts (e.g., smartphones, smart cities) 
necessarily involves computer and digital aspects. In the fi eld of energy, smart 
grids are under discussion. “Smart grid” generally refers to a class of technology 
people are using to bring utility electricity delivery systems into the twenty-fi rst 
century, using computer-based remote control and automation. Ultimately smart 
grid means “computerizing” the electric utility grid (OE  2013 ). The number of 
applications that can be used on the smart grid once the data communication 
technology is deployed is growing rapidly as inventive companies create and 
produce them. Benefi ts include enhanced cybersecurity, handling sources of 
electricity like wind and solar power and even integrating electric vehicles onto 
the grid. The companies making smart grid technology or offering such services 
include technology giants, established communication fi rms, and even brand 
new technology fi rms, such as the one we describe.  

 –   Supportive: ICTs are a powerful tool to generate, capture, store, manage, exploit, 
analyze, read, share, and transmit data and information which is gradually 
increasing in quantity in all kinds of organizations. In all these areas, solutions 
are required in order to avoid “infoxication,” a term introduced by Spanish expert 
Alfons Cornellà and describing a situation where the received/available infor-
mation exceeds the ability to manage it. ICT is supportive for modernization, 
optimization, and automation either of traditional processes or of entirely new 
ones. Being a means and not an objective, its implementation has to generate 
clear advantages in terms of new solutions compared to previous versions. It is at 
this stage that ICT remains supportive and not decisive. Whatever the technology 
behind the solution, users are key actors, playing a decisive role in the solution 
uptake. Technology, in general, and ICT, in particular, has to be functional and 
has a key role in an initial phase of developing a solution. Once this aspect is 
achieved, human and organizational aspects of style – such as resistance to 
change, mentality, and consumption culture – become fundamental.    

 The combination of small, smart, and supportive represents the ICT backbone of 
the technology needed for the system to perform optimally.   

11.6     Conclusions 

 The case study described in the present book chapter is the story and not the history of 
Your Energy System and is intended to generate value in the form of holistic integral 
solutions, including technology-based products complemented with complex ser-
vices. The example is rich in innovation types evolving and coexisting at present. 

 The implications for management concern continuous business model analysis 
and value reconsideration. We attempt to show the evolution of a business model 
by studying how a fi rm has been able to respond to a changing environment, trying 
to fi nd a fi t between the sophisticated demands of customers and a high-technology- 
based product. The ultimate result is that the company adopts complex business 
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solutions that complement the product with high value-added services. Through the 
case study, the authors aim to demonstrate that combined solutions, rather than single 
options, lead to improved result. 

 Going beyond traditional innovation typologies – product, process, organizational, 
and marketing – we also illustrate that there are at least nine key areas in which 
companies can use innovation to further maintain or improve their competitiveness. 
Both eco-innovation and business model innovation are transversal typologies and 
can offer areas of improvement that may be worthwhile to consider. 

 Servitization, briefl y consisting in complementing the product offer with services, 
is a trend that can bring a variety of advantages for business. Service offering con-
tributes to additional revenues, differentiation from competitors, long-term client 
relationships and, last but no less important, diffi culties in imitating (as compared to 
products). By offering integrated product–service solutions, businesses transform 
into one-stop shops where customers fi nd concrete solutions that are adapted to 
their problems. This further contributes to loyalty and reputation. 

 Finally, for those having a dream of entrepreneurial opportunities, we show how 
the spin-off modality of research commercialization is one viable possibility, 
especially for research developed in a unit that is part of a public higher education 
institution. Even on a secondary level, the case is a success story of a founding team 
able to translate their PhDs into an innovative solution targeting traditional fi elds.     
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    Abstract     Biogas production and its use as traffi c fuel are discussed in this chapter 
as an example of a system eco-innovation that is struggling to become implemented 
in a focal municipality. The biogas producer and distributor as the owner of the 
“core technology” have the potential to become the integrator of a functioning 
ecosystem required for the innovation to succeed. The company’s business model, 
however, should be transformed to incorporate the radical and system nature of the 
eco-innovation as well as create a business solution that would make the technology 
profi table. The aim of this chapter is to demonstrate how an ecosystem integrator 
can develop a boundary-spanning business model that is capable of integrating the 
multitude of stakeholders into a working biogas-for-traffi c solution, thereby achieving 
a system change. The chapter is based on the results of two research projects during 
which a sustainable local biogas-for-traffi c solution and the business model of the 
ecosystem integrator were developed together with the major ecosystem stakeholders. 
The main principle of developing such a business model lies in considering business 
models of the relevant stakeholders and managing uncertainties pertinent to their 
integration into the biogas-for-traffi c ecosystem.  

  Keywords     Eco-innovation   •   Ecosystem integrator   •   Boundary-spanning business 
model   •   Biogas  

    Chapter 12   
 Business Model Innovation for Eco- 
innovation: Developing a Boundary-Spanning 
Business Model of an Ecosystem Integrator 

             Anastasia     Tsvetkova     ,     Magnus     Gustafsson     , and     Kim     Wikström    

        A.   Tsvetkova       (*) •     M.   Gustafsson       •     K.   Wikström      
  Industrial Management ,  Åbo Akademi University ,   Piispankatu 8 ,  Turku ,  FI-20500 ,  Finland    

  PBI Research Institute ,   Aurakatu 1 B ,  Turku ,  FI-20100 ,  Finland   
 e-mail: anastasia.tsvetkova@abo.fi ; magnus.gustafsson@abo.fi ; kim.wikstrom@abo.fi   

mailto:anastasia.tsvetkova@abo.fi
mailto:magnus.gustafsson@abo.fi
mailto:kim.wikstrom@abo.fi


222

12.1         Introduction 

 Replacement of fossil fuels by renewable fuels in transportation is seen today as one 
of the major means to reach sustainability goals. Biogas is already commonly used 
as green traffi c fuel, bringing additional environmental benefi ts such as reduced 
levels of CO 2  emissions, nitrogen emissions, noise, and particle emissions (Gustafsson 
et al.  2011 ). Taking a more holistic perspective, if biogas is produced from waste 
materials and is consumed locally, then the lifecycle emissions are signifi cantly lower 
due to the effi cient nutrient cycling and short transportation distances (Tsvetkova and 
Gustafsson  2012 ). Moreover, since the low-energy content of biomass limits its 
transportation radius, the localized character of biogas production is also more 
practical in an economic sense. 

 In order to develop a biogas-for-traffi c solution that is sustainable, it is important 
to reconsider the fuel production value chain as the linear and centralized way of 
producing fossil fuels is often blueprinted for biofuel production. This leads to the 
environmental and social problems normally associated with fossil fuels: competition 
for resources, a shift of the environmental burden from one country to another, and 
an increase in waste generation, to name only a few (Mirata et al.  2005 ). Most 
importantly, however, the biofuel industry struggles to be economically sustainable, 
feasible, and competitive when organized in a centralized way. If, however, it is 
structured in a distributed and cyclic manner, the benefi ts of industrial symbiosis 
can be realized by utilizing waste for biofuel production and implementing well- 
planned cycling of nutrients. This, in turn, requires a shift in the overall system of 
how biofuel is produced and consumed, that is to say, a radical system innovation. 

 The technical basis for sustainable biogas production is already well developed 
and technical integration is achieved by optimizing material and energy fl ows 
between the stakeholders. In contrast, and as is often the case, the business integration 
presents the greatest challenge for any system innovation (Liinamaa and Wikström 
 2009 ). This is especially true for a biogas-for-traffi c production business, because 
there is a need to integrate a signifi cant number of stakeholders that are currently 
unrelated to the energy and fuel industry. One example illustrating this problem can 
be seen in the fact that the suppliers of biomass generally belong to such industries 
as food production, farming, or waste treatment. For these companies the supply 
of biomass is outside their main business activities. These activities are normally 
seen as the disposal of waste, the smart utilization of by-fl ows, or, in rare cases, the 
secondary business of producing biomass for biogas production. While integration 
of traditionally unconnected industries is the main reason why industrial symbiosis 
is benefi cial (Chertow  2000 ), it leads to complications in integrating the suppliers 
into the biogas production ecosystem. 

 Another challenge is related to the technology shift that potential biogas con-
sumers need to make. Utilization of biogas as a traffi c fuel is severely limited by the 
need for different forms of system investment, i.e., investment into many other 
elements of the whole value chain rather than only the biogas production facilities. 
Such changes would fi rst of all include the acquisition of gas-driven vehicles by 
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potential customers and the need for investment in a biogas distribution infrastructure. 
These requirements tend to lead to a “chicken and egg” or “cartel of fear” situation 
(Geels  2005 ), where business actors are afraid to make the fi rst step due the invest-
ment risks. 

 The biogas producer, as the owner of core technology, can become the integrator 
of the ecosystem required for a functioning biogas-for-traffi c solution. However, in 
order to address the outlined challenges, it is necessary to rethink the traditional fuel 
production business model. The core capability of an ecosystem integrator lies 
beyond technical integration; it requires business and social integration skills so as 
to create a resilient and feasible solution. These goals can be achieved by developing 
a boundary-spanning business model (Wikström et al.  2010 ), which builds on a 
deep understanding of the business models of the other ecosystem stakeholders. 

 The aim of this chapter is to discuss what is critical for the business model of an 
ecosystem integrator in order to facilitate the biogas-for-traffi c eco-innovation. A 
boundary-spanning business model is proposed as a means to ensure the feasibility 
of this solution. Furthermore, we describe how such a business model can be devel-
oped through incentivizing various actors in the ecosystem, redistributing system 
benefi ts, and sharing the necessary investments and burden of risk.  

12.2     Theoretical Background 

12.2.1     Radical and System Eco-innovation 

 Eco-innovation can be defi ned as an innovation that improves ecological, economic, 
and social sustainability (Carrillo-Hermosilla et al.  2010 ). However, since sustain-
ability is hard to defi ne or propose a form for, there are no ideal criteria for what can 
be termed eco-innovation (Boons and Leudeke-Freund  2013 ). Bioenergy, as such, 
can be a solution to the energy challenges of the present and the future. However, 
the major obstacle is to make the relevant solutions economically sustainable and 
to incorporate them into the current markets and infrastructures. Thus, it can be 
concluded that until a bioenergy solution is feasible, it cannot be rightfully ascribed 
as being sustainable even if it solves environmental and social challenges. 

 Innovations that require a shift within larger socio-technical systems, rather than 
simply the introduction of a new product onto the market, can be called “system 
innovations.” This phenomenon is widely discussed in the literature on general 
innovation (Geels  2005 ) and eco-innovation in particular (Loorbach  2010 ). The 
interest in systems around innovations is based on the understanding that a new 
product, a service, or a combination of these needs to be embedded in a complex 
“landscape” comprised of social, regulative, economic, and infrastructural elements. 
These elements are often established in connection with other technologies, creating 
a “lock-in” in the currently prevailing technological regimes that are diffi cult to break 
(Geels  2002 ,  2005 ; Nelson and Winter  1982 ; Rip and Kemp  1998 ; Sartorius  2006 ). 
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Moreover, environmental sustainability of products and services can only be defi ned 
by considering the complex socio-technical system within which they are produced 
and utilized (Gaziulusoy et al.  2013 ). 

 It is noted that many “eco-innovations” remain at an incremental level (Larson 
 2000 ; Wagner and Llerena  2011 ) and are the result of isolated companies striving 
to optimize their production and operations. This leads to “suboptimizing” and to 
completely ignoring the systemic perspective (Boons  2009 ). In order to fulfi ll sustain-
ability criteria, incremental innovation is not enough: current socio-technical systems 
are incompatible with the goals of sustainability and therefore they require redesigning 
(Ceschin  2013 ). Radical innovation is a better way to bring new, greener technologies 
into operation and to restructure unsustainable modes of production. This, however, 
requires a larger system-wide effort (Boons et al.  2013 ) and an extensive reconnection 
of traditionally defi ned industries (Moore  1996 ). 

 The necessity to build or reconfi gure the socio-technical system when radical inno-
vations are introduced (Geels  2002 ,  2005 ) goes hand in hand with the need for creat-
ing functioning  industrial  ecosystems when sustainable biofuels are produced 
(Tsvetkova and Gustafsson  2012 ). It is, however, important to note that the original 
notion of industrial ecosystems stems from the fi eld of industrial ecology, which is 
inspired by natural ecosystems and the material and energy roundputs within them 
(Benyus  1997 ; Chertow  2000 ; Ehrenfeld and Gertler  1997 ). While the smart exchange 
of material and energy fl ows is the way to reach environmental sustainability, the busi-
ness dimension of such ecosystems is much more extensive than the system of the 
enterprises physically exchanging the material fl ows. One example of a stakeholder 
that might be outside of the obvious industrial ecosystem is a gas vehicle dealer; the 
absence of direct material or energy exchange does not eliminate the crucial role of 
this actor in bringing the biogas-for-traffi c innovation to a successful implementation. 
It can therefore be concluded that industrial ecosystems for biogas production need to 
be embedded in a larger business ecosystems. In this chapter, we refer to an ecosystem 
as the term that encompasses both the industrial ecosystem, i.e., the means of organizing 
material and energy roundput, and the larger business or socio-technical ecosystem 
that defi nes the economic and social sustainability of the solution. 

 Geels ( 2005 ) argued that companies are not able to affect the larger landscape, 
but rather that they can establish new socio-technical regimes when “windows of 
opportunity” appear. We believe that while certain opportunities, such as the rising 
price of fossil fuels, are able to foster the use of biogas as traffi c fuel, the biogas 
company can try to shape the business landscape (Ceschin  2013 ) through innovating 
its own business model (Amit and Zott  2010 ; Chesbrough  2010 ). Further, we discuss 
how new business models help in making this shift to new industrial structures, thereby 
promoting radical and system eco-innovations.  

12.2.2     Business Model as a Vehicle for Innovation 

 According to Boons et al. ( 2013 ), the current industry structures and business models 
employed by companies are not sustainable, and, at the same time, the move towards 
more sustainable production modes is limited due to the lack of practical and 
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theoretical knowledge. While it has been acknowledged that companies are the 
drivers of radical eco-innovation, the research focus has largely remained on a 
policymaker’s level (Ceschin  2013 ). This has left such topics as how companies 
actually implement this type of innovation and what it means for their business not 
being suffi ciently well researched (Boons et al.  2013 ). 

 Recently, there have been attempts to connect the theory on business models with 
eco-innovation (Boons and Wagner  2009 ; Boons and Leudeke-Freund  2013 ). It has 
been noted that companies striving to make radical system innovations need to shift the 
innovation effort from the products or processes they control to the larger systems they 
are part of. Moreover, they need to actively construct the appropriate business model 
and engage the relevant stakeholders in such a development (Boons et al.  2013 ). 

 In academic literature, the discussion concerning “sustainable” business models 
has paid much attention to dematerialization (Halme et al.  2004 ,  2007 ; Mont  2002 , 
 2004 ) and the switch from owning to delivering functionality (Ceschin  2013 ). 
Indeed, new business models based on, e.g., car sharing and energy use optimiza-
tion are able to decrease energy and fuel consumption signifi cantly. The focus of 
this type of business model innovation is mainly related to the social dimension, and 
technological artifacts are not considered to be crucial to the innovation, even if they 
are included (Ceschin  2013 ). The decrease in fuel usage can solve only part of the 
energy problem because complete dematerialization is not possible. Fuel still needs 
to be produced in a manner that is sustainable, and success in this aim is largely 
dependent on business integration. 

 Even though the need is regularly articulated for any innovation to be embedded into 
large socio-technical systems (Geels  2002 ,  2005 ; Boons et al.  2013 ), the business side 
of the innovation still requires more attention. The organizational level of the business 
model appears to be the most suitable level at which to analyze how radical and system 
eco-innovations can be realized. In order to make a transition to sustainability, compa-
nies need to change their whole “business mindset” or “business design” and acquire a 
focus on the future, rather than make decisions based only on the current situation 
(Gaziulusoy et al.  2013 ). We propose that the idea of boundary- spanning business 
models can be a step in this direction, helping companies to embed sustainability and 
systems thinking into the way they create value and interact with the stakeholders 
(Loorbach and Wijsman  2013 ). Companies would thereby help shape the biogas-
for-traffi c industry into being sustainable both environmentally and economically. 

 Boons and Leudeke-Freund ( 2013 , p. 15) defi ned how business model innovation 
could contribute to eco-innovation:

  Business model change on the organizational level is about the implementation of  alternative 
paradigms other than the neoclassical economic worldview that shape the culture, structure 
and routines of organizations and thus change the way of doing business towards sustain-
able development; a sustainable business model is the aggregate of these diverse organiza-
tional aspects. 

   Business models are seen in this chapter as a vehicle for eco-innovation. Since 
business models are concerned with the outcome, the implementation, and the tactics 
of strategies (Casadesus-Masanell and Ricart  2010 ), they can serve as a tool for imple-
menting radical system innovations such as the focal biogas-for-traffi c solution. 
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 There are various views as to which elements constitute a business model. The 
core elements that appear in various frameworks depict the value creation process 
or offering and the value capturing mechanism or revenue model (Afuah and Tucci 
 2001 ; Linder and Cantrell  2000 ; Teece  2010 ). Another element agreed upon by 
many researchers on business models is the articulation of a target market, including 
customers, groups, or segments (Chesbrough and Rosenbloom  2002 ; Magretta  2002 ; 
Osterwalder et al.  2005 ; Teece  2010 ). Capabilities are required in order to deliver 
the promised value to the customer, and a cost structure largely affects the value 
capturing and profi tability of the business (Afuah and Tucci  2001 ; Halme et al .   2007 ; 
Osterwalder et al.  2005 ). 

 In this chapter, the business model concept is chosen in order to analyze the way 
in which the biogas business can be organized. The reason for this choice is because 
business models comprise a solid building block within the ecosystem, allowing a 
structural observation to be made as regards the value creation. The following elements 
of the business model appeared to be the most relevant when analyzing the business of 
the ecosystem integrator: offering, revenue model, customer, capabilities, and cost 
structure. 

 The business of an ecosystem integrator might be the most challenging to describe 
since multiple stakeholders, revenue streams, and business logics need to be 
interconnected within one industrial ecosystem. Gulati et al. ( 2012 , p. 573) refer to 
the business model of something larger than a company – a meta-organization – and 
discuss the main characteristics of a meta-organization as follows:

  …each agent has its own motivations, incentives, and cognitions, but unlike in a traditional 
business fi rm, they are not linked via a framework of formal authority associated with 
employment contracts. 

   In order to embrace the complex value creation within the ecosystem and to make 
them resilient, there is a need for the ecosystem integrator to employ a business model 
that is fl exible and inclusive. Wikström et al. ( 2010 ) describe boundary- spanning busi-
ness models that are designed to manage a large number of complex and demanding 
relationships. These business models imply that companies simultaneously operate in 
various environments through the use of multiple business models. Flexibility is thus 
achieved since the business models can be interconnected in different ways. Boundary-
spanning business models draw on the different actors’ strengths in order to achieve 
value through tighter cooperation and commitment to the common goal in one or 
another way. Similarly, focusing solely on the biogas business will not help in 
implementing the biogas-for-traffi c solution, since other crucial ecosystem partici-
pants have various business logics and interests. However, the ability to understand 
their business models and incentivize them based on that knowledge (Raven  2005 ; 
Turner and Simister  2001 ) can serve as the basis for the integrator’s business model 
which will “lock-in” the stakeholders in a sustainable manner. 

 In this chapter, we demonstrate how an ecosystem integrator can build a 
boundary- spanning business model through acknowledging the complexity of the 
business environment required for its implementation and, most crucially, shaping 
it in order to succeed. Such a business model is expected to incorporate the system 
character of the biogas-for-traffi c eco-innovation, which is the focus of the study.   

A. Tsvetkova et al.



227

12.3     Method and Research Design 

 This chapter presents the fi ndings of two research projects aimed at developing a 
solution for a Finnish municipality that would allow the utilization of locally produced 
biogas as traffi c fuel. The research process was largely based on a combination of 
clinical research and design science approaches. Clinical research originates from 
the research tradition of action research and implies engaging in solving problems 
that are relevant to the industry (Coget  2009 ; Coghlan  2000 ,  2009 ; Schein  1993 , 
 1995 ,  2008 ; Schön  1995 ). In this mode of research, the researchers help companies 
to diagnose and solve problems. Thus, the main aims of a clinical inquiry include 
solving a clinical problem and triggering organizational change (Schein  1995 ). The 
main feature of such an approach is that tight cooperation with business actors 
occurs throughout the process and is iterative. In the pursuit of developing a feasible 
and sustainable biogas-for-traffi c solution, the involvement of relevant stakeholders 
in its design was crucial for ensuring the applicability of research results and the 
commitment of the companies to make the change. 

 During the projects the researchers attempted to reveal challenges and opportunities 
in implementing a biogas-for-traffi c ecosystem and, together with the major stake-
holders, developed a design proposition (Romme  2003 ), i.e., a sustainable business 
solution. The focus on design required by the design science approach (Romme 
 2003 ; van Aken and Romme  2009 ) was refl ected in the way the design proposition 
was developed further; the fi nal solution changed as the discussions with the practi-
tioners helped to validate, reject, or furnish ideas. 

 One of the key elements for creating the target ecosystem was the business model 
of the company that would integrate it. The analysis of the major challenges and the 
means by which they can be triggered led us to the idea of boundary-spanning 
business models (Wikström et al.  2010 ) that can foster ecosystem integration in 
biogas business. Thus, the development of the ecosystem integrator’s business 
model was based on considering the business models of the involved actors: their 
earning logics, value propositions, and benefi t and risk sharing. 

 Collaboration with the relevant stakeholders was established and developed 
during the research process by conducting several rounds of interviews, joint work-
shops, and meetings. During the projects around 40 interviews were conducted 
with the following business actors: municipal authorities, biogas producers, gas 
distribution companies, truck and bus operating companies, fi nancers, vehicle deal-
ers, and many others. The choice of the stakeholders was based on the need for their 
involvement in the planned ecosystem. The underlying idea was that in order to 
establish benefi cial and resilient industrial symbiosis, it was important to understand 
the responsibilities, gains, risks, and commitments of every ecosystem participant. 
The stakeholders that were interviewed initially included the companies directly 
involved into the major material fl ows, i.e., biogas, biomass, and digestate fl ows. 
Later, certain actors that are not directly involved in material exchanges within the 
ecosystem appeared to be crucial for establishing the business solution required for 
the biogas-for-traffi c ecosystem. Such actors included vehicle dealers, fi nancing 
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institutions, and municipalities. The choice of which company representatives were 
to be interviewed was driven by their ability to make the decisions and changes 
required in order to become a part of the ecosystem. For example, in the case of the 
biogas producing company, the top management was interviewed, while in the case 
of vehicle dealers, cooperation with sales managers of the relevant types of vehicles 
was suffi cient. 

 As the design proposition for the target industrial ecosystem evolved, more 
discussions with the same stakeholders were required in order to validate, test, and 
improve the design. Communication with these actors included short meetings, 
telephone calls, electronic mailing, and workshops. Thus, constant validation of the 
research ideas and co-creation with the stakeholders were at the core of the research. 
The main reason for this was an endeavor to develop a scientifi c knowledge capable 
of being prescriptive and actionable (Schön  1995 ). As a result of this study, discussion 
was started among the key stakeholders as regards creating a company that would 
become the integrator of a biogas-for-traffi c ecosystem.  

12.4     Results 

12.4.1     The Case of “Biogas-for-Traffi c” 

 The biogas-for-traffi c solution, which is the focus of this chapter, was designed for 
a Finnish municipality that has around 200,000 inhabitants. A biogas production 
plant treating sewage sludge already existed in the area. The produced fuel, how-
ever, was only utilized for heat and power production, providing low-energy output 
and low value to the producer. The utilization of biogas as traffi c fuel was seen as 
more benefi cial not only for the biogas producer but also for the local municipality. 
It was deemed to be benefi cial if the operators of heavy vehicles could be persuaded 
to switch to biogas as this would reduce the environmental impact of the traffi c 
in the municipality and potentially solve the current feasibility problems of the 
public transportation system. 

 The annual quantities of sludge, already supplied by the wastewater treatment 
plant for biogas production, were considered suffi cient to produce the amount of 
biogas at the initial stages of the ecosystem’s development. However, the need for 
other sources of biomass was predicted at later stages when consumption of biogas 
increases. Apart from other types of organic waste, these additional sources of 
biomass would include green biomass provided by farms. 

 A gas distribution infrastructure does not yet exist in the focal area. This limits 
the possibilities of natural gas backup in case there is not enough biogas in the 
area. However, to a certain extent, this is a benefi t, since the absence of competition 
means that the price for biogas does not need to be dictated by the market price of 
natural gas. 
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 The major stakeholders and material fl ows in the target biogas-for-traffi c ecosystem 
are visualized in Fig.  12.1 . The company producing and distributing biogas is seen 
here as the ecosystem integrator. Although the biogas production company already 
exists in the area, the integrating company can be a newly established actor that 
would manage the biogas distribution and, more importantly, manage the ecosystem 
integration. To ensure the integration of biogas production and distribution functions, 
the biogas producer can become a shareholder in the integrating company.

12.4.2         Establishing the Ecosystem 

 One of the major prerequisites for establishing the target biogas-for-traffi c ecosystem 
is the construction of a biogas upgrading and distribution infrastructure. This 
requires large investments to be made by the ecosystem integrator. The profi tability 
of this investment, however, is signifi cantly dependent on the investment of potential 
biogas consumers into biogas-driven vehicles. Thus, in order to secure the consumption 
of biogas as soon as the upgrading and distribution infrastructure is in operation, 
the integrating company needs to ensure that potential consumers acquire gas-driven 
vehicles well in advance. 

 The potential consumers include businesses that operate fl eets of vehicles, such 
as transportation companies, waste management companies, delivery companies, 
and also individuals. For the ecosystem integrator, it is reasonable to put diverse 
efforts in establishing collaboration with these consumers for a number of reasons. 
First of all, the consumption level of one heavy vehicle – a truck or a bus – is signifi -
cantly greater when compared to a passenger car. This means that ensuring the switch 
of one bus to biogas is able to generate much more fuel sales compared to one car. 
Second, companies such as the bus operators, waste management, or delivery 
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  Fig. 12.1    Target “biogas-for-traffi c” ecosystem and the key stakeholders (the ecosystem integrator 
is marked with a  bold line )       
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companies can generally take “fl eet decisions” where a larger number of vehicles 
are purchased at once. Therefore, it is reasonable for the ecosystem integrator to 
focus on companies operating heavy vehicles at the fi rst stage of developing the 
biogas-for-traffi c ecosystem. 

 However, the potential consumers employ different business models and therefore 
need to be motivated to switch to biogas-driven vehicles in various ways. Similarly, 
potential biomass suppliers, which in the focal area include the wastewater treatment 
company and farms, have rather different business logics and cannot be integrated 
into the ecosystem in the same way. These stakeholders primarily operate within 
other industries and do not perceive the supply of biomass as their core business. 

 The role of the municipality is also crucial not only because its infl uence on 
public transportation through tendering but also because municipal authorities 
play a signifi cant role in issuing permits, parking, and other areas that are important 
in order to establish the targeted ecosystem. Therefore, the commitment and involve-
ment of the local authorities was another prerequisite for a successful ecosystem 
implementation. 

 Based on the differences in the business models of the stakeholders, the eco-
system integrator needs to implement different means to ensure their commitment 
to becoming part of the ecosystem. As a result, the overall business model of the 
ecosystem integrator can be divided into several distinct sub-models as envisioned 
in Fig.  12.2 . Models 1 and 5 represent the biomass supply, while models 2, 3, and 4 
represent the collaboration required for ensuring biogas consumption. We further 
describe the specifi city of each model and the way the system integrator can 
build collaboration with the relevant stakeholders through employing a boundary- 
spanning business model.
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12.4.2.1       Securing Biogas Consumption 

 The business model of public transportation companies, i.e., bus operators, is charac-
terized by their direct dependency on municipal tendering (see model 2 in Fig.  12.2 ). 
If the city authorities make a decision to switch all public transportation to renewable 
fuel, the bus operators would have to renew their bus fl eets with gas- driven vehicles 
in order to win the tender. 

 Another important feature is that buses operate locally and do not require a large 
fuel distribution infrastructure; a fi lling station that is located close to the bus depot 
or at the depot can serve their needs. Furthermore, if biogas is provided at a relatively 
low price, the bus operators will be able to be competitive from a cost perspective 
and become less dependent on fossil fuel price fl uctuations. 

 In this type of model, the role of the city is crucial, because it is the ultimate 
decision-maker that can initiate investment into gas-driven buses. Long-term contracts 
for biogas at a fi xed low price are the mechanism that can make the decision more 
attractive for the city. At the same time, this ensures certain minimum consumption 
of biogas during the fi rst years of biogas distribution. 

 The biogas producer’s main liability is to provide biogas at an agreed price, in 
agreed volumes, and of proper quality. The purity of biogas appeared to be a critical 
issue for the bus operators and the city, which is the ultimate fi nancier of the public 
transportation services. Their concern was that malfunction of buses and refused 
guarantee claims caused by poor-quality biogas can signifi cantly increase the 
operational costs of public transportation. In order to mitigate this risk, the biogas 
distributor and bus dealers need to coordinate the acceptable quality of biogas so 
that the vehicles can remain within their guarantee. As a result, a more reliable 
product, i.e., gas-driven buses, can be offered to the consumers. 

 It is possible that the risk of owning gas-driven buses is still too high for the bus 
operators to bear. The solution might be in establishing cooperation with the bus 
dealers and leasing companies in order to offer leasing packages to the operators. 
While the bus dealers would be able to increase the sales of gas-driven vehicles, the 
bus operators would be spared from the ownership risk at the initial stages. 

 Tight collaboration with vehicle dealers is required in order to make the overall 
investment into gas-driven buses more attractive to the bus operators. First, it allows 
the customers to be assured as regards the technical reliability of the biogas 
technology, which is new to them. Second, the sales effort can be united if the 
dealers are able to offer not only the vehicles but also long-term fi xed-price fuel 
contracts on behalf of the biogas distributor. Finally, the bus dealers can offer a 
better maintenance infrastructure and service agreements when they are able to sell 
larger volumes of buses at once. 

 Companies that operate trucks, such as delivery and waste management com-
panies, constitute another large group of potential biogas consumers (model 3 in 
Fig.  12.2 ). Since these business actors are not dependent on tendering, the decision 
to switch to biogas technology is purely business driven for them. Fuel costs 
have a large share in their operating costs and are also a risk factor. The global 
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trend is that fossil fuel prices are continuously increasing, and therefore, biogas 
business can make a unique offering to transportation companies in this respect. 
Similar to the previous model, the biogas distributor can offer long-term and 
fi xed-priced contracts for truck operating companies. This is in line with both 
parties’ business models and provides the basis for dividing the burden of system 
investment between many stakeholders. The extra volumes of produced biogas 
can be sold at a higher price to customers that are not strategic, for example, to 
individual consumers. Such an arrangement is possible due to the specifi c nature 
of a biofuel business organized in a distributed manner. Localized production of 
biogas is commensurable with the local demand for fuel and is rather independent 
from the fl uctuations on the fossil fuel market. Thus, a new type of customer 
offering can be developed. This is an example of how the biofuel industry can 
gain a competitive advantage by deviating from the traditional fuel production 
value chain. 

 Furthermore, the utilization of biofuel can help truck operators gain a “green” 
image for their business. Concern about their environmental impact is becoming 
increasingly more relevant to waste management and delivery companies. Thus, if 
they switch to biogas technology, they would be able to change their business model 
to become more sustainable. The strength of such motivation to use renewable 
biofuel, however, depends on the current priorities of a company. 

 The third type of biogas consumers includes car users, such as taxi owners, delivery 
companies, and individuals (see model 4 in Fig.  12.2 ). They can benefi t from direct 
cost savings when replacing gasoline or diesel with biogas if a competitively priced 
biogas is offered. However, since cars consume much less than heavy vehicles, volume 
discounts are not reasonable in attracting these consumers. In addition, the price 
difference between a gas-driven passenger car and a gasoline or diesel car is relatively 
small. Therefore, investment in the vehicle does not constitute such a large challenge 
as it does for other groups of consumers. However, car users generally require a 
more developed distribution infrastructure, which clearly requires a greater investment. 
The system integrator can make such an investment at a later stage of the business 
development and recoup the investment costs with a higher but still competitive 
price for biogas. 

 Various benefi ts offered by the municipality, such as free parking for clean vehicle 
users and vehicle tax deductions, can serve as another motivation for switching to 
biogas-driven cars. The city would benefi t from promoting sustainable fuel use in 
the city, since the increase in the overall biogas consumption would reduce biogas 
production and distribution costs. As a result, the costs of biogas-based public 
transportation would decrease.  

12.4.2.2     Biomass Supply 

 Sewage sludge is already used for biogas production in the focal case (model 1 
in Fig.  12.2 ). Therefore, there is no effort required to establish this cooperation. 
The business model of the biogas producer is built on the receiving of gate fees 
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for treating sludge, which is a waste material, by anaerobic digestion. In this 
case, biogas can be seen as a by-product. When biogas is sold as traffi c fuel, 
however, utilizing sludge means that the biogas producer has to acquire the 
main resource for the biofuel production at a negative price. The main challenge 
for the integrator is therefore to keep this model functioning and to secure the 
continuation of the sewage sludge supply. The level of the gate fee needs to be 
balanced so that it does not become more attractive for the wastewater treatment 
company to dispose of sludge in some other ways, for example, at a landfi ll. 
Alternatively, the city authorities are able to infl uence this problem by introducing 
a strategy for waste management where sewage sludge is dedicated to renewable 
fuel production. 

 The quality of biomass used for biogas production defi nes the properties of another 
product – the digestate. Since it constitutes a signifi cant material fl ow, digestate 
disposal requires proper management to ensure the feasibility and sustainability of 
the overall biogas-for-traffi c business. Although technically and legally digestate 
produced from sewage sludge can be used for fertilization, the main barrier is usually 
of social origin: the farmers perceive it as dangerous. Therefore, there is a need 
either to change perceptions about this product or to fi nd another innovative way to 
utilize it. For example, the option to use the digestate for landscaping faces smaller 
social resistance. However, it is also less feasible for the biogas producer. 

 At the moment when the volume of sewage sludge does not satisfy biogas pro-
duction needs, there is an opportunity to establish cooperation with crop and animal 
farms in order to utilize hay and manure (see model 5 in Fig.  12.2 ). This is far 
more challenging compared to the previous model, because it also requires changes 
in the farms’ business models and additional investments. For example, crop farm-
ers can dedicate a number of their fi elds to growing biomass that would be used for 
biogas production instead of growing grain. This means the biogas producer needs 
to buy the biomass at a price that would cover the costs of a “lost opportunity” for 
the farmer. A more benefi cial way is to motivate the farmers to change to a new 
mode of crop production: the rotation of food crops and grasses over a number of 
years combined with replacing synthetic fertilizers by the digestate. This way the 
farmer can achieve the same overall level of food crop yields while reducing the 
need for synthetic fertilizers. 

 Additional costs can be caused by the need to harvest the grasses, which would 
otherwise be left in the fi elds. The biogas producer can bear the costs of this harvesting, 
thereby decreasing or eliminating the investment needs for the farmer. These 
additional costs will be recouped, however, since the extra volume of biogas 
produced from green biomass is intended for car users paying higher price for 
biogas. Furthermore, the biogas producer can sell digestate to the farmers, which 
would decrease the overall costs of acquiring green biomass. 

 Animal farms that can provide manure have motivations similar to sludge pro-
viders, because manure is perceived as waste if there are not enough fi elds on which 
to spread it. However, those farms which are able to sell their manure as a fertilizer 
can be incentivized by offering a certain price for the manure or, instead, by receiv-
ing back digestate that has similar or even better fertilization properties.    
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12.5     Discussion 

 To assist the transformation into sustainable societies, there is a need to improve 
the effi ciency of material and energy cycles. This gives a signifi cant potential for 
renewable energy produced from biomass. However, to bring these technologies 
into practice, the cooperation between different groups of actors, often having 
various goals and visions, needs to be well established. The attempt of this research 
was to demonstrate how such cooperation could be triggered by employing new 
business models. 

 A crucial factor is how commitment is built inside these complex systems, since 
the stakeholders generally belong to various industries and thus are not traditionally 
used to cooperating (Gustafsson et al.  2011 ). For example, it is more challenging to 
create a strong connection between farming and the biogas business than between 
biogas production and fuel distribution businesses. The mechanisms proposed in the 
chapter focused mostly on the business models of the stakeholders and particularly 
on their earning logic. We argue that the fi nal technical planning of the system needs 
to be done only after the “business engineering” stage. Planning in reverse order 
potentially results in a solution that is not viable in the real world. 

 The greatest challenge for the establishment of a biogas-for-traffi c business in 
the focal area was the absence of a gas distribution system and network. Gas distri-
bution generates a need for signifi cant capital investment to be made in order for the 
system to work. The cornerstone is not the cost of the investment, but rather the risk 
that the system will not succeed. Slow adoption of biogas onto the market is risky 
and unfeasible. Thus, the introduction of the product needs to be relatively rapid and 
has to start with a considerable volume of consumption. For this to be possible, 
however, the investments by different stakeholders need to be taken more or less 
simultaneously. 

 By understanding and interconnecting with the relevant stakeholders’ business 
models, the integrating company is able to ensure that all the business models are 
connected and the cooperation will be sustainable. Thus, the different approaches to 
various consumer groups take the form of differentiated pricing and contractual 
models. Table  12.1  summarizes how the ecosystem integrator employs various 
business models in order to interconnect the relevant stakeholders.  

 From the supplies side, understanding that the difference in the types of biomass 
necessarily leads to various modes of cooperation and value streams is crucial for 
securing a stable biomass supply. In the case of biomass obtained from farming, the 
cost structure of the biogas production is completely different compared to sewage 
sludge utilization. Therefore, the business logic in cooperating with a wastewater 
treatment plant and a farmer creates various implications for the business model 
of the ecosystem integrator. While sewage sludge can be obtained at a negative 
price, in the case of green biomass, there is a need to establish a win-win situation 
that would decrease the biomass purchasing costs. 

 Many of the models described in Sect.  12.4.2  imply signifi cant involvement by other 
actors able to infl uence the decision of potential biogas consumers to switch to biogas. 
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These actors include local authorities. Vehicle dealers are another example of actors 
who are able to increase the feasibility of the overall investment into biogas 
technology. It is therefore crucial to identify and build collaboration with these 
actors in one way or another. 

 The ecosystem integrator employs different roles in the ecosystem depending on 
which type of collaboration is being discussed. Moreover, the role of an ecosystem 
integrator might not always be clearly articulated. What makes an integrator is the 
fact that the business model of this company is able to integrate stakeholders into a 
working ecosystem by establishing various interfaces among them. 

 As a result of the differentiation in the capabilities of the ecosystem integrator, 
the business model acquires the fl exibility necessary in order to integrate actors that 
are traditionally outside of the renewable fuel production value chain. Thus, a key 
feature of the integrator’s business model is in balancing the act of integration 
and continuous adaptation as the business ecosystem evolves. This is crucial when 
system innovations are implemented and new more sustainable industries emerge. 
The ecosystem integrator is able to achieve both the goals of integration and adapta-
tion through employing a boundary-spanning business model. Namely, instead of 
following a rigid business model, the integrating company strives to “refl ect” the 
business environment and the business models of relevant stakeholders in its own 
business model. 

 Depending on the business model of a respective ecosystem actor, the integrator 
fi nds a way to make collaboration benefi cial for both parties. One common mecha-
nism is the management of uncertainty regarding investments. This can be done, for 
example, by cooperating with leasing or vehicle sales companies which would then 
bear the risk of owning a vehicle. Another mechanism is joint offerings such as 
vehicles being sold together with a maintenance contract and guaranteed fuel 
contract. By making this value proposition, both the biogas distributor and the 
vehicle dealer can make their core products more valuable. This refl ects a view on 
eco- innovation and system innovation that implies that products and services are 
valuable and sustainable only within a larger business or socio-technical system 
(Gaziulusoy et al.  2013 ). The ultimate customers are, in turn, spared from the uncer-
tainty related to the new biogas technology, since they are guaranteed maintenance 
and the availability of fuel once they invest in gas-driven vehicles. The third type of 
mechanism is joint production planning, as in the case of green biomass farming. 
The ecosystem integrator cannot establish a benefi cial collaboration with a farmer 
since the current business model of the farmer does not allow for it. The purchase of 
hay especially grown for biogas production would signifi cantly increase the biogas 
price. However, there is signifi cant potential for combining farming with biofuel 
production if the business model of the former is altered. The farmers can decrease 
their own costs by effi ciently rotating fi elds and selling biomass to the biogas 
producer. Moreover, such food can be graded as organic in the future and thus 
become a more valuable product. 

 Geels ( 2005 ) proposes that linking with other developing technologies can 
promote innovations. In the case of biogas, for example, the gas-driven vehicles are 
presently neither a niche technology nor a dominant technology in the focal country. 
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This technology has been coevolving together with natural gas technology, which 
has not become suffi ciently widespread in the area; the availability of natural gas 
has been physically limited to a few cities, making gas vehicles unattractive to 
potential users. The promotion of biogas use in vehicles is possible since the vehicles 
are already available on the market. In turn, biogas business can facilitate the 
development of the gas vehicle market as the biofuel becomes widely available. 

 As demonstrated in this chapter, integration is achieved by considering the stake-
holders’ business models: operational and capital cost structures, earning logics, 
and the industry structures they operate within. After this process, the connections 
between the stakeholders can be established by various commercial, social, or 
technical mechanisms. Certain mechanisms allow the interlocking of the stakeholders’ 
business models while also recognizing that they belong to a different value chain. 
Other mechanisms, however, result in drastic changes in the stakeholders’ business 
models in order for them to fi t better into the target ecosystem. Certainly, these 
mechanisms will vary from location to location, but the strategy of  spanning the 
boundaries  of a company’s own business model can be applied to business planning 
as regards other solutions based on industrial symbiosis. Certain contractual models 
may be derived from the empirical case analysis and applied in other locations with 
minor adjustments. This would allow the replicating of sustainable eco-innovations 
based on industrial symbiosis without the need for high adjustment costs. Thus, the 
economies of repetition (Davies and Brady  2000 ; Hellström  2005 ) and consequently 
cost saving can be achieved. 

 The process of building a boundary-spanning business model for the ecosystem 
integrator starts with analyzing and understanding the business models of the relevant 
stakeholders. After this, the collaboration mechanisms are developed based on this 
information. The aim of these mechanisms is to integrate the actors into the biogas-
for-traffi c ecosystem in a way that is benefi cial for all parties. However, certain 
business ideas might only be the starting point for developing a really sustainable 
way of cooperating. The engagement of the ecosystem stakeholders into a discussion 
on benefi ts, risks, and responsibility sharing will shape the fi nal business idea of 
the integrating company. Thus, the value of the process for the business model 
development proposed in this chapter is provided not only by the concrete examples 
of collaboration mechanisms but also in explicating the mindset and the processes 
required for their development. 

 We argue that boundary-spanning business models are able to incorporate the 
systems thinking into the way industrial activity is organized. It is demonstrated in 
this chapter how the ecosystem integrator is able to connect to other stakeholders’ 
business models, not only through vision development and knowledge sharing 
(Baas  2011 ) but also through concrete business mechanisms. Since business models 
deal with the company level and its interfaces with the business environment, 
the adoption of boundary-spanning business models by companies is a practical way 
to increase the probability of success when implementing system eco-innovations. 
Moreover, addressing specifi cally the investment and ownership burden can 
mitigate the initial investment uncertainty that is relevant for any radical and 
system innovation.  
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12.6     Conclusions 

 The research presented in this chapter contributes to the theoretical fi eld of system 
eco-innovation (Boons and Wagner  2009 ; Gaziulusoy et al.  2013 ) in two ways. 
First, it discusses how fundamental change, required for making industrial struc-
tures more sustainable, can be driven by industrial symbiosis. Using the example 
of the biogas industry, the chapter demonstrates how the cycling of materials 
along with increased collaboration among local stakeholders can be the basis for a 
feasible biogas-for-traffi c business as opposed to the traditional centralized way 
of producing and distributing fuels. Second, the role of the business model of an 
integrating company is discussed. Admitting the potential of business model 
innovation to reinvent industry structures and drive system innovation (Boons 
et al.  2013 ; Gulati et al.  2012 ), we present the way a boundary-spanning business 
model of a biogas company can integrate the ecosystem required for a sustainable 
biogas-for-traffi c solution. 

 Since renewable fuels have different production logic compared to fossil fuels, 
the overall industry logic needs to comply with the nature of the fuel. Moreover, the 
different business logic is able to generate benefi ts, such as fuel price stability, fuel 
supply security, and a positive effect on environmental, social, and economic sustain-
ability. However, since this new logic requires a system change (Geels  2005 ), the 
old business models need to be replaced by more inclusive and fl exible ones – 
boundary-spanning business models. The approach utilized in this research stresses 
the need to address the feasibility of eco-innovation by confi guring the ecosystem 
around it. While environmental challenges and governmental policies will affect the 
adoption of greener technologies, the smart design of value and monetary fl ows along 
with material and energy cycling is the way to bring sustainable eco- innovations 
more rapidly into being. 

 The major recommendations to the companies that strive to implement system 
eco-innovations can be formulated as follows:

•    It is crucial to realize that any innovation’s success is dependent on the business 
and socio-technical ecosystem surrounding it. Moreover, an ecosystem usually 
spans the boundaries of traditionally defi ned industries (Moore  1996 ) and therefore 
is challenging to embrace using old business logics and models.  

•   To implement a system eco-innovation, a company needs to become an ecosystem 
integrator, if not overtly then in terms of its role within that ecosystem. This, in turn, 
requires a boundary-spanning business model that would facilitate the increased 
cooperation and positive interdependency with the relevant stakeholders.  

•   A boundary-spanning business model can be built by considering and addressing 
the most critical issues in the stakeholders’ own business models when radical 
and system innovations are implemented: operation and capital costs, investment 
risk, and market uncertainty. Such a business model can be built based on the 
business mechanisms that reduce these uncertainties and which will create value 
and cash fl ows among the ecosystem actors.    
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 The managerial implications, therefore, include the need to perceive a company 
striving to implement a system eco-innovation as an integrator of the ecosystem it 
would operate within. Upon understanding this, a company needs to actively shape 
its business environment. Considering the complexity of the business and socio- 
technical ecosystems around any technology (Geels  2002 ; Loorbach  2010 ), the 
effort can still come from a company level and is achieved by opening the boundaries 
of its business model and increasing cooperation with the stakeholders. In order to 
control and infl uence the ecosystem formation, companies need to redesign value 
fl ows by various mechanisms in order to make collaboration benefi cial for all 
involved parties. Additionally, since a radical system innovation does require 
signifi cant industry restructuring, it is not possible for a company to accomplish it 
on its own. Collaboration and open discussion are an important part of building the 
business model for an ecosystem integrator.     
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    Abstract     Leadership in Energy and Environmental Design and building commissioning 
are two eco-innovations that have contributed to the long-term effi ciency and sustain-
ability of new-building construction. The Leadership in Energy and Environmental 
Design system promotes green, effi cient, and sustainable design and construction. 
Building commissioning is a quality process used to verify that the owner’s project 
requirements are being met by the fi nal design, construction, and operations and 
maintenance. Quality function deployment has been successfully used in product 
development to capture the voice of the customer, translating it into engineering char-
acteristics and then carrying the parameters into production and service to ensure the 
voice of the customer is met with the fi nal product. To provide the next level of eco-
innovation for commissioning and Leadership in Energy and Environmental Design, 
the four-phase quality function deployment model will be adapted to, and integrated 
with, the commissioning and Leadership in Energy and Environmental Design pro-
cesses. The adapted model can effectively link the project phases to ensure the own-
er’s project requirements for Leadership in Energy and Environmental Design are met 
with the fi nal building. The primary objective of this research is to develop an integra-
tive and systematic methodology to adapt the four- phase quality function deployment 
model to the commissioning process of new- building construction, to provide practi-
tioners the steps to take the adapted model through the commissioning process as a 
means to oversee the entire design and construction quality process, ensuring the 
owner’s Leadership in Energy and Environmental Design goals are integrated into the 
design and carried through construction to the operations and maintenance phase for 
long-term effi ciency and sustainability.  

  Keywords     Quality function deployment   •   House of quality   •   Commissioning   • 
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13.1         Introduction 

 The construction of a new nonresidential building can represent one of the largest 
investments any business will face. With most investments, it is desired to maxi-
mize value and minimize cost and this holds for most new-building construction. 
Trends are driving building designs and construction methods that are considered 
“sustainable” and/or “green”; however, the benefi ts of going sustainable/green 
vary greatly depending on the needs of each potential building owner. Along with 
these new eco-innovative design trends are more complex building systems, higher 
fi rst cost of construction, and greater risk of not meeting the owner’s expectations 
with the fi nal product. 

13.1.1     LEED 

 With energy costs rising and the need for energy effi ciency and environmental pro-
tection, the US Green Building Council (USGBC) developed and implemented a 
program to defi ne and measure green buildings. This program known as Leadership 
in Energy and Environmental Design (LEED) is a rating system that building own-
ers must utilize to qualify their projects for registration as LEED certifi ed with the 
Green Building Certifi cation Institute. LEED 2009 has several areas of certifi cation, 
which include New Construction, Existing Buildings, Commercial Interiors, Core 
and Shell, Schools, Retail, Health Care, Homes, and Neighborhood Development. 
The focus of this research is limited to LEED 2009 for New Construction 
(LEED-NC). All of the certifi cation areas use a point system with 100 base points 
and 10 bonus points. Four levels of certifi cation may be attempted (Table  13.1 ). The 
certifi cation categories and the corresponding points are then divided among seven 
categories (Table  13.2 ).

    Each of the categories contains prerequisites that must be met prior to any points 
being awarded, and each prerequisite must be met by any project applying for 
certifi cation. Each LEED for New Construction-certifi ed building will have the pre-
requisites in common, but how the certifi cation points are accomplished is left to the 
owner, architect, and engineering teams to determine. Two additional consulting 
groups who are added to the team on many LEED projects are a LEED Accredited 
Professional (LEED AP) and a commissioning authority (CxA). 

  Table 13.1    LEED 
certifi cation levels 
and required points 
(USGBC  2009 )  

 Certifi cation level  Required points 

 Certifi ed  40–49 
 Silver  50–59 
 Gold  60–79 
 Platinum  80–110 
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 To deliver a successful LEED project to the building owner, the team must meet 
LEED certifi cation requirements and provide a building that meets the owner’s proj-
ect requirements (OPR). The LEED AP will assist the owner and design team in 
determining the best path to take for a particular LEED level by providing assistance 
in understanding and implementing the LEED scoring system. The design team will 
work toward delivering designs capable of achieving the LEED points expected from 
each of their respective areas of expertise. The commissioning authority will assist 
the owner in developing the owner’s project requirements and then verify that the 
design and construction meet the owner’s project requirements. This is a complicated 
process which requires much coordination, cooperation, and communication.  

13.1.2     Commissioning 

 To ensure receipt of their expected value at project completion, the owner often con-
tracts a third-party commissioning authority to act as technical advisor and to over-
see the quality of the design and construction by administering the commissioning 
process. The American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) defi ne the commissioning process as “A quality-focused pro-
cess for enhancing the delivery of a project. The process focuses upon verifying and 
documenting that the facility and all of its systems and assemblies are planned, 
designed, installed, tested, operated, and maintained to meet the Owner’s Project 
Requirements” (ASHRAE  2005 ). 

 The commissioning process consists of several steps throughout the design and 
construction process then extends into building occupancy and beyond (Fig.  13.1 ). 
Critical to any project, particularly those seeking LEED certifi cation with high 
expectations for sustainability and effi ciency, is determining what the owner requires 
and how the design team will respond to those requirements. Two key terms are 
defi ned by ASHRAE: (1) owner’s project requirements (“A written document that 
details the functional requirements of a project and the expectations of how it will 
be used and operated. These include project goals, measurable performance criteria, 

  Table 13.2    LEED-NC 
certifi cation categories  

 Category  Available points 

 Sustainable Sites (SS)  26 
 Water Effi ciency (WE)  10 
 Energy and Atmosphere (EA)  35 
 Materials and Resources (MR)  14 
 Indoor Environmental Quality (IEQ)  15 
  Base points    100  
 Innovation in Design (ID)  6 
 Regional Priority (RP)  4 
  Bonus points    10  
  Total points    110  
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cost considerations, benchmarks, success criteria, and supporting information”) and 
(2) basis of design (BoD) (“A document that records the concepts, calculations, 
decisions, and product selections used to meet the owner’s project requirements and 
to satisfy applicable regulatory requirements, standards, and guidelines. The docu-
ment includes both narrative descriptions and lists of individual items that support 
the design process”) (ASHRAE  2005 ).

   The owner’s project requirements are considered a living document and are sub-
ject to change throughout the design and build. Changes may occur at any time 
during the project and must be approved by the owner. The commissioning author-
ity must then update the owner’s project requirements document accordingly. The 
basis of design is also a living document and will very likely change as the design 
progresses and should also be updated as needed. Since both of these documents are 
likely to change, it is important to have a methodology in place to trace proposed 
changes back to the owner’s project requirements to analyze how the change will 
impact the other owner’s project requirements and the project as a whole. An 
adapted four-phase quality function deployment (QFD) model and house of quality 
(HOQ) will provide the means for tracing such changes.  

13.1.3     Quality Function Deployment 

 Quality function deployment has been successfully used in product development to 
capture the voice of the customer, translating it into engineering characteristics and 
then carrying the parameters into production and service to ensure the voice of the 
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customer is met with the fi nal product. The four-phase quality function deployment 
model for product development proposed by Cohen ( 1995 ) is illustrated in Fig.  13.2 .

   The house of quality, the fi rst matrix in the four-phase model, is a tool within the 
quality function deployment process that provides a means of matching the prod-
uct’s design with the voice of the costumer or customer requirements. Figure  13.3  
illustrates the basic house of quality. Customer requirements are what the customer 
desires of a particular product based on marketing studies. The design response is 
how the designers will meet the needs of the customer. Design correlations are 
used as a means of understanding if one design response has an impact on another 
design response. The body of the matrix holds the relationships, or how well 
each design response addresses the customer requirements. The marketing matrix 
and design data matrix are used by the marketing and design teams for developing 
and prioritizing the whats and hows.    In short, quality function deployment is 
designed to gather the customer’s needs and desires of a product, weigh those 
needs and desires against the needs and desires of the company, verify that 
engineering designs the product according to those requirements, and verify that manu-
facturing can produce the product as designed. The goal is a product that will 
appeal to as many customers as possible.
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   The product development quality function deployment model is well suited 
for adaption to commissioning of new-building construction, and the house of 
quality is a perfect tool for understanding the complexities of the LEED for New 
Construction system. 

 Whether the owner’s motivation for going green is to be a good steward of the 
environment, to reduce the cost of operating the building, or simply for good public 
relations, each of these will promote an eco-friendly building with reduced negative 
impact on the environment. Regardless of the motivation, it must be determined 
early what the owner wants of the building and what is important to them in the 
fi nished product. There is no guarantee that LEED certifi cation will provide added 
value or an eco-friendly building. 

 Sustainability, effi ciency, and value will largely depend on the owner’s project 
requirements and whether those requirements are met by the fi nished project. 
Achieving LEED certifi cation at any of its four levels may not ensure added value 
in the eyes of the owner if their needs are not met with the fi nal building. There are 
many combinations of credits that can be utilized to accomplish an owner’s LEED 
certifi cation goal, but which combination best fi ts the owner’s project requirements 
and the owner’s defi nition of value is a question that must be answered early. 

 Each credit of the LEED system is designed to improve the eco-friendliness of 
the building, but some credits are easier and less costly to achieve than others. For 
example, a credit to provide designated parking spaces near the building expected to 
promote either carpooling or use of eco-friendly vehicles such as hybrids can be 
easily achieved by placing signs at those parking spaces. But if they are not utilized 
because either employees do not carpool or they cannot afford or do not want to 
purchase an expensive hybrid, the effort is lost and the building is no more eco- 
friendly than it would have been without the designated parking spaces. Therefore, 

  Fig. 13.3    HOQ model        
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if the goal of the owner is to have a green or eco-friendly building, it is essential that 
the LEED credits to be achieved align with the owner’s desires and are implemented 
in the design. LEED certifi cation is part of the owner’s project requirements, but the 
design may drift from the owner’s project requirements and simply focus on meet-
ing the LEED certifi cation. 

 The goal of the proposed methodology is to provide a new integrative meth-
odology that adapts quality function deployment and the house of quality to the 
commissioning process for new-building construction with emphasis on those 
projects seeking LEED certifi cation. The LEED house of quality will provide a 
method for identifying the impact each LEED credit has on the other credits as a 
means to improve design decisions and ensure the LEED credits pursued meet 
the owner’s project requirements. The complete model will provide an effective 
method for linking each of the commissioning activities to assist the commis-
sioning authority in managing the quality process and ensuring the owner’s proj-
ect requirements are achieved. 

 The remainder of the chapter will discuss the background, which provides the 
motivation for developing the methodology, an explanation of the methodology for 
adapting the four-phase quality function deployment model to the commissioning 
and LEED processes, and the concluding remarks.   

13.2     Background 

 In a fi nal report to the US Green Building Council (USGBC), the New Building 
Institute gathered and analyzed data with regard to the “Energy Performance of 
LEED for New Construction Buildings” (Turner and Frankel  2008 ). At the time 
of the study (2006), 552 buildings had been certifi ed under LEED for New 
Construction. All were invited to participate with the stipulation that building 
owners would provide 1-year post-occupancy energy data. One hundred and 
twenty-one building owners participated and provided the necessary information. 
Findings indicate that, on average, LEED-certifi ed buildings do reap the benefi t of 
energy savings. Buildings achieving higher LEED certifi cation levels, on average, 
had higher energy effi ciency. A troubling note is that half of the buildings had 
performance that signifi cantly deviated from the design intent. Twenty-fi ve per-
cent had performance that was lower than intended, but the cause of the poor 
performance was not investigated. 

 As a follow-up to the Turner and Frankel ( 2008 ) report, Newsham et al. ( 2009 ) 
took a more rigorous approach to analyzing the Turner and Frankel ( 2008 ) data. 
A full statistical analysis comparing the LEED buildings to carefully matched 
non- LEED buildings produced the same results that energy performance is improved 
for LEED-certifi ed buildings and, on average, LEED buildings use 18–39 % less 
energy per fl oor area than conventional buildings. Newsham et al. ( 2009 ) also 
tested energy performance versus the LEED energy credits received and energy 
performance versus additional commissioning and measurement and verifi cation 
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credits and found that neither correlated. The study shows that as the certifi cation 
level of these building increased, so did the credits obtained in the energy areas. 
However, the additional effort and funds to obtain these credits had no effect on 
energy performance. The authors suggested that this could be caused by the fact 
that the energy data provided by the building owners was for the fi rst year. This is 
typically the period when the defi ciencies are worked out of the building systems. 
They also questioned whether the commissioning process was properly conducted 
but did not provide an answer. 

 It should be pointed out that one of the primary purposes of the commission-
ing process is to deliver a building to the owner that is already free of defi cien-
cies. Commissioning is expected to ensure the building systems are performing 
to the level of effi ciency that was expected from the design and the owner’s 
project requirements. 

 When the team, including the owner, meets to determine which LEED credits to 
target, they typically refer to the list provided in Table  13.3  and discuss whether 
each credit is worth attempting. Much of what is discussed is cost, impact to project 
budget, sustainability and effi ciency goals, and whether particular credits are even 
achievable. For example, if a new piece of property is purchased in a rural area, it is 
very unlikely Sustainable Sites, Credit 2, Development Density and Community 
Connectivity will be achievable. However, this purchase may provide an excellent 
opportunity to achieve Sustainable Sites, Credit 5.1, Site Development – Protect and 
Restore Habitat. There are trade-offs to be made. Another example might be questioning 
the higher cost for achieving Sustainable Sites, Credit 7.2, Heat Island Effect – 
Roof, which could be accomplished by installing a vegetative or “green” roof.

   What is not always clear during these discussions is the total impact of one 
choice, based on either the ease of obtaining the credit or cost, on the entire project 
or other credits. Many credits can have a positive or negative impact on other credits 
and budget. To illustrate, consider the information in the previously mentioned stud-
ies. Based on that research, it can be seen that the commissioning process does 
provide energy savings and that many building owners have not realized the invest-
ment made in a LEED-certifi ed building with respect to energy savings. The question 
of whether to attempt the enhanced commissioning credits must be discussed, and 
based on fi ndings of the research, many owners would decline spending the money. 
What is not fully understood is what this means to the other credits and life cycle 
cost if enhanced commissioning is not pursued. 

 Commissioning affects numerous LEED credits and a total of 48 % of the pos-
sible base points. These credits and points are shown in Table  13.4 . A signifi cant 
portion of the construction budget will be allocated to these areas.

   Within the Energy and Atmosphere category is EA Prerequisite 1, Fundamental 
Commissioning of Building Energy Systems. The commissioning authority is respon-
sible for ensuring the systems within the EA and IEQ credit categories are designed, 
constructed, and operating as specifi ed, along with developing the commissioning 
plan, commissioning requirements, and completing the commissioning report. 
“Commissioning process activities must be completed for the following energy-
related systems, at a minimum:
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   Table 13.3    LEED credits and associated points (USGBC  2009 )   

  Sustainable Sites (SS)    26 points  
 SS Prerequisite 1  Construction Activity Pollution Prevention  Required 
 SS Credit 1  Site Selection  1 
 SS Credit 2  Development Density and Community Connectivity  5 
 SS Credit 3  Brownfi eld Redevelopment  1 
 SS Credit 4.1  Alternative Transportation – Public Transportation Access  6 
 SS Credit 4.2  Alternative Transportation – Bicycle Storage and Changing 

Rooms 
 1 

 SS Credit 4.3  Alternative Transportation – Low-Emitting and Fuel Effi cient 
Vehicles 

 3 

 SS Credit 4.4  Alternative Transportation – Parking Capacity  2 
 SS Credit 5.1  Site Development – Protect and Restore Habitat  1 
 SS Credit 5.2  Site Development – Maximize Open Space  1 
 SS Credit 6.1  Stormwater Design – Quantity Control  1 
 SS Credit 6.2  Stormwater Design – Quality Control  1 
 SS Credit 7.1  Heat Island Effect – Nonroof  1 
 SS Credit 7.2  Heat Island Effect – Roof  1 
 SS Credit 8  Light Pollution Reduction  1 

  Water Effi ciency (WE)    10 points  
 WE Prerequisite 1  Water Use Reduction  Required 
 WE Credit 1  Water-Effi cient Landscaping  2–4 
 WE Credit 2  Innovative Wastewater Technologies  2 
 WE Credit 3  Water Use Reduction  2–4 

  Energy and Atmosphere (EA)    35 points  
 EA Prerequisite 1  Fundamental Commissioning of Building Energy Systems  Required 
 EA Prerequisite 2  Minimum Energy Performance  Required 
 EA Prerequisite 3  Fundamental Refrigerant Management  Required 
 EA Credit 1  Optimize Energy Performance  1–19 
 EA Credit 2  On-Site Renewable Energy  1–7 
 EA Credit 3  Enhanced Commissioning  2 
 EA Credit 4  Enhanced Refrigerant Management  2 
 EA Credit 5  Measurement and Verifi cation  3 
 EA Credit 6  Green Power  2 

  Materials and Resources (MR)    14 points  
 MR Prerequisite 1  Storage and Collection of Recyclables  Required 
 MR Credit 1.1  Building Reuse – Maintain Existing Walls, Floors, and Roof  1–3 
 MR Credit 1.2  Building Reuse – Maintain Interior Nonstructural Elements  1 
 MR Credit 2  Construction Waste Management  1–2 
 MR Credit 3  Materials Reuse  1–2 
 MR Credit 4  Recycled Content  1–2 
 MR Credit 5  Regional Materials  1–2 
 MR Credit 6  Rapidly Renewable Materials  1 
 MR Credit 7  Certifi ed Wood  1 

  Indoor Environmental Quality (IEQ)    15 points  
 IEQ Prerequisite 1  Minimum Indoor Air Quality  Required 
 IEQ Prerequisite 2  Environmental Tobacco Smoke (ETS) Control  Required 

(continued)
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•    Heating, ventilating, air-conditioning and refrigeration (HVAC&R) systems 
(mechanical and passive) and associated controls,  

•   Lighting and day lighting controls,  
•   Domestic hot water systems, and  
•   Renewable energy systems (e.g. wind, solar).” (USGBC  2009 )    

Table 13.3 (continued)

 IEQ Credit 1  Outdoor Air Delivery Monitoring  1 
 IEQ Credit 2  Increased Ventilation  1 
 IEQ Credit 3.1  Construction Indoor Air Quality Management Plan – During 

Construction 
 1 

 IEQ Credit 3.2  Construction Indoor Air Quality – Before Occupancy  1 
 IEQ Credit 4.1  Low-Emitting Materials – Adhesives and Sealants  1 
 IEQ Credit 4.2  Low-Emitting Materials – Paints and Coatings  1 
 IEQ Credit 4.3  Low-Emitting Materials – Flooring Systems  1 
 IEQ Credit 4.4  Low-Emitting Materials – Composite Wood and Agrifi ber 

Products 
 1 

 IEQ Credit 5  Indoor Chemical and Pollutant Source Control  1 
 IEQ Credit 6.1  Controllability of Systems – Lights  1 
 IEQ Credit 6.2  Controllability of Systems – Thermal Comfort  1 
 IEQ Credit 7.1  Thermal Comfort – Design  1 
 IEQ Credit 8.1  Daylight and Views – Daylight  1 
 IEQ Credit 8.2  Daylight and Views – Views  1 

  Innovation in Design (ID)    6 points  
 ID Credit 1  Innovation in Design  1–5 
 ID Credit 2  LEED Accredited Professional  1 

  Regional Priority (RP)    4 points  
 RP Credit 1  Regional Priority  1–4 

   Table 13.4    Credits and points affected by the commissioning process (USGBC  2009 )   

 Credit  Title  Available points 

 SS Credit 8  Light Pollution Reduction  1 
 WE Credit 1  Water-Effi cient Landscaping  2–4 
 WE Credit 2  Innovative Wastewater Technologies  2 
 WE Credit 3  Water Use Reduction  2–4 
 EA Credit 1  Optimize Energy Performance  1–19 
 EA Credit 2  On-Site Renewable Energy  1–7 
 EA Credit 5  Measurement and Verifi cation  3 
 IEQ Prerequisite 1  Minimum Indoor Air Quality Performance  – 
 IEQ Credit 1  Outdoor Air Delivery Monitoring  1 
 IEQ Credit 2  Increased Ventilation  1 
 IEQ Credit 5  Indoor Chemical and Pollutant Source Control  1 
 IEQ Credit 6  Controllability of Systems  2 
 IEQ Credit 7  Thermal Comfort  2 

  Total possible points    48  
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 Those systems will be commissioned for every project under the EA Prerequisite 1. 
 The commissioning authority has the responsibility of ensuring the owner’s 

defi nition of value is realized. When the systems are designed and installed as specifi ed, 
as well as operating as intended, commissioning optimizes the energy effi ciency of 
the building systems. “Properly executed commissioning can substantially reduce 
costs for maintenance, repairs, and resource consumption, and higher indoor envi-
ronmental quality can enhance occupants’ productivity” (USGBC  2009 ). 

 EA Credit 3, Enhanced Commissioning, is only worth two additional points; it 
places additional responsibility and requirements on the commissioning authority 
but can have a signifi cant impact on the opportunity for the building to be sustainable 
and energy effi cient for its life cycle. Commissioning processes for EA Credit 3 will 
be expanded to include:

•    Documenting the commissioning review process  
•   Reviewing contractor submittals  
•   Developing the systems manual  
•   Verifying the training of operations personnel  
•   Reviewing building operation after fi nal acceptance (USGBC  2009 )    

 To improve the quality of LEED projects,    Tseng ( 2005 ) expresses that any LEED 
credits to be pursued for a project must be integrated into the owner’s project 
requirements to allow the design team an early opportunity to incorporate LEED 
goals into a design that will meet the owner’s project requirements. 

 Ellis ( 2009a ) discusses the relationship between commissioning and energy 
conservation stating that one does not necessarily guarantee the other. LEED projects 
require a specifi ed energy conservation measure above an industry baseline and 
energy modeling. The owner must express their energy conservation goals in a 
quantifi able measure for the design team and commissioning authority to utilize. 
This provides a solid base for design and verifi cation and must be included in the 
owner’s project requirements. There is then a greater opportunity for the commis-
sioning authority to assist the building owner in receiving what the owner truly 
desires in the fi nished building. 

 Barber ( 2008 ) explains the importance of the key commissioning documents, the 
owner’s project requirements, and the basis of design. These documents are often 
seen as expensive and not necessary, and, therefore, these invaluable tools are under 
used. Documenting the owner’s project requirements has many valuable attributes, 
one of which is to minimize confl icting owner directives. Design teams often receive 
different priorities and expectations from groups within the owner’s organization. In 
order to fully develop owner’s project requirements, the different groups must come 
to agreement on common functional requirements. The basis of design is the confi r-
mation that the owner’s project requirements are understood and provides a descrip-
tion of how the requirements will be met with the design. 

 Enke ( 2010 ) expresses the need for a holistic approach to commissioning. 
This begins with full implementation of ASHRAE Guideline 0-2005 and places 
additional emphasis on the owner’s project requirements and basis of design 
development, as well as the review(s) to verify these two align. Enke points out 
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that the basis of design requirement is often overlooked and without this critical 
information, it is nearly impossible to know the owner’s project requirements 
have been met. High-performance buildings have two key elements: maintain-
ability and measurability. Provisions for maintainability and measurability 
need to be addressed in the owner’s project requirements and basis of design. 
The design phase of commissioning will carry the long-term measures required 
through the entire process well into the operations and maintenance phase. 

 Ellis ( 2009b ) describes a noticed trend of design documents being issued for bid 
prior to design being complete. It is explained that no design is perfect and the 
design and construction process has methods in place for dealing with the imper-
fections, but imperfect and incomplete are completely different issues. Top reasons 
for this occurrence include the design team’s belief that some incomplete designs 
can be fi nished later without affecting progress or budget, the owner’s inability 
to express project requirements, and to not delay the construction start date. 
Commissioning can identify the incomplete design aspects and clearly state to the 
owner what appears to be missing and the impact or risks involved with not waiting 
for a complete design prior to bidding. The goal is full transparency for all involved. 

 Commissioning and LEED certifi cation can benefi t any building project and pro-
vide additional value to the owner through long-term sustainability and effi ciency if 
both processes are administered properly. LEED certifi cation can improve building 
effi ciency if the proper credits related to energy effi ciency are achieved. This will 
only happen if the owner has determined that (1) a particular level of effi ciency is 
the goal, (2) the budget will allow it, and (3) the design and construction follow 
through on those requirements. If the LEED credits to be achieved are identifi ed 
early, ideally in predesign, and are determined to not confl ict with each other and 
jeopardize the certifi cation level, commissioning can improve the opportunity to 
achieve the desired LEED certifi cation level and expected effi ciencies. 

 To provide the next level of eco-innovation for commissioning and LEED, the 
four-phase quality function deployment model and the house of quality will be 
adapted to, and integrated with, the commissioning process. 

 Researchers over the past several years have demonstrated ways quality function 
deployment can also be a benefi cial tool for the construction industry. Mallon and 
Mulligan ( 1993 ) present quality function deployment as a means for meeting the 
customers’ requirements in construction projects, providing an example of such for 
a computer workroom. Eldin and Hikle ( 2003 ) conducted a pilot study, using the 
design of a classroom as a case, to determine the effectiveness of using quality func-
tion deployment as a means of developing conceptual designs in the preliminary 
phase of construction projects. Ahmed et al. ( 2003 ) utilized quality function deploy-
ment for a civil engineering capital project. Yang et al. ( 2003 ) integrate fuzzy set 
theory into the quality function deployment process for use as a decision-making 
aide in construction design. Alarcon and Mardones ( 1998 ), Gargione ( 1999 ), and 
Abdul-Rahman et al. ( 1999 ) used it in the design phase to capture the customer 
needs. Dikmen et al. ( 2005 ) examined a completed building to capture customer 
needs for marketing purposes. Delgado-Hernandez et al. ( 2007 ) considered nursery 
development/design. Each of these are primarily looking at the design and capturing 

W.L. Gillis and E.A. Cudney



257

the needs of the customer. These processes appear to be structured for use by the 
design team or could be used by the owner where the owner would then specify the 
design criteria. This may have a tendency to constrain the design creativity. Kamara 
et al. ( 2000 ), Pheng and Yeap ( 2001 ), Lee and Arditi ( 2006 ), and Lee et al. ( 2009 ) 
used quality function deployment as a tool for concurrent engineering and design/
build applications. 

 The objective of this methodology is not to provide an additional method of how 
quality function deployment could be used by a design team within the construction 
industry as a means to improve their fi nal product (design only), rather to introduce 
a quality function deployment model that has been specifi cally tailored for use by 
the commissioning authority during the entire design and construction process. The 
adapted four-phase quality function deployment model along with the LEED house 
of quality is presented in Fig.  13.4 . This will consist of two houses of quality matri-
ces, one specifi cally for LEED projects and one serving as the predesign house of 
quality. Three other matrices, design, construction, and operations and maintenance, 
will be used to link the design and construction activities back to the owner’s project 
requirements and LEED requirements.

   It is assumed that each member of the architect/engineer (A/E) team, as well as 
the construction contractors, will have their own internal quality processes and will 
strive to provide the owner with a quality end product, but the commissioning 
authority represents the owner specifi cally and applies a blanket quality process to 

  Fig. 13.4    Adapted 4-phase model with LEED HOQ       
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the entire project. This is expected to benefi t all involved, including the architect/
engineer and contractors, by reducing late changes and rework, therefore saving 
time and resources. The ultimate goal is to have a satisfi ed owner at building occu-
pancy and through operations and maintenance with a long-term effi cient and 
sustainable building.  

13.3     Methodology 

13.3.1     Introduction 

 The methodology will be illustrated using an abbreviated set of an owner’s project 
requirements. A typical construction project would obviously have many more 
requirements than can be displayed in this format. The majority of the owner’s pro-
ject requirements used here are LEED related along with a few non-LEED-specifi c 
requirements. These owner’s project requirements were chosen to assist in illustrat-
ing the ability of the adapted four-phase model to link these requirements through 
each of the phases of the design and construction process. 

 An emphasis is placed on LEED, as this is a complex system that can be more 
easily understood with the development of the LEED house of quality. The LEED 
house of quality provides a compact format for understanding the design impacts 
one LEED credit may have on another.  

13.3.2     Predesign Phase (House of Quality) 

 Modifying the house of quality for use in both understanding the LEED credits and 
for the predesign phase of the project will greatly improve the opportunity to 
achieve the desired LEED certifi cation level and ensure that the sustainability and 
effi ciency goals are accomplished. The fi rst step in the commissioning process is 
developing the owner’s project requirements. There are many methods for assisting 
the owner in developing the owner’s project requirements, some of which might 
include workshops with key stakeholders, questionnaires, group meetings, or nom-
inal group technique. Based on the focus of this research, these methods will not 
be discussed here with the exception of those owner’s project requirements that 
include LEED certifi cation. 

 Information gathered from the owner’s project requirements development work-
shops will be entered into the marketing matrix and whats sections simultaneously. 
This will provide an opportunity to prioritize the owner’s project requirements based 
on importance to the owner. Once the owner’s project requirements have been estab-
lished, prioritized, and approved by the owner, the information is fi nalized in the 
whats area of the house. When LEED certifi cation is an owner’s project requirement, 
the team must now navigate the LEED certifi cation requirements to determine which 
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LEED credits to pursue in order to meet the LEED certifi cation goal and to meet the 
other approved owner’s project requirements. An additional house of quality is devel-
oped for this purpose and will be explained later. 

 To illustrate the predesign house of quality, it has been determined that the project 
will seek LEED certifi cation with a goal of achieving a level of Silver. Several credits 
the owner has decided should be attempted are Heat Island Effect – Roof, Daylight 
and Views – Daylight, Optimize Energy Effi ciency, Water-Effi cient Landscaping, 
and Thermal Comfort – Design, feeling these will contribute to the LEED goal and 
align well with other owner’s project requirements. These LEED credits are inte-
grated with other owner’s project requirements determined during the development 
process. The approved owner’s project requirements, along with the priorities, will 
then be provided to the architect/engineer team for use as a reference and compli-
ment to the programming and design effort. 

 The basis of design, based on the approved owner’s project requirements, will be 
generated by the architect/engineer typically during their schematic design and will 
be provided to the owner and commissioning authority. The basis of design is 
entered into the hows area of the house. Figure  13.5  represents the predesign house 
of quality with the integrated LEED credits.

  Fig. 13.5    Pre-design HOQ       
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   The commissioning authority will use the body of the matrix during the review 
of the basis of design to verify it meets or addresses each of the owner’s project 
requirements. Using a numbering scheme of 9 (strong relationship), 3 (medium), 
and 1 (weak) in each cell to specify how well each basis of design meets a particular 
owner’s project requirement will be used. A “.” is used to populate a cell in which 
the combination has been reviewed and found to have no relationship. This is meant 
to reduce the duplication of work which may occur if the cell is left blank. 

 It is important to understand that these entries are the professional opinion of the 
commissioning authority and are not intended to be a critique of the design per se, 
rather to identify points of discussion between the owner and design team if it 
appears some owner’s project requirements are not well represented in the design. 

 Summing each owner’s project requirement row identifi es how well the entire 
basis of design addresses one particular owner’s project requirement. The same 
procedure is conducted for the basis of design. The commissioning authority can 
now discuss with the owner how well the owner’s project requirements are 
addressed. With this information the owner may discuss with the design team the 
options of placing more or less design emphasis on certain owner’s project 
requirements. If a basis of design has little or no total value in the column, this 
may indicate that the basis of design does not need to be taken to the fi nal design. 
There may be an opportunity to save project funds or shift funds toward different 
owner’s project requirements, such as those that promote long-term sustainability 
and effi ciency. 

 This analysis may also identify an owner’s project requirement that needs to be 
modifi ed or eliminated. The owner making these decisions at this phase can save 
signifi cant time, money, and effort. Any owner’s project requirement or basis of 
design that is changed must be updated within the matrix. The owner and the design 
team now know their ideas and efforts are aligned and can agree to proceed to the 
next phase of design. The design correlations area (roof) of the house of quality is 
used to understand the impact, negative or positive, each design criteria has on 
another. The correlation matrix identifi es the impact one basis of design has on 
another basis of design. For example, the impacts are identifi ed using a “−” for a 
negative impact, a “+” for a positive impact, and a “+/−” if it could be either positive 
or negative. This roadmap of impacts can also be used to analyze the impact of 
proposed changes in later stages of the design and construction. The same process 
as the basis of design correlation matrix is used to populate the owner’s project 
requirement correlation matrix. It can be seen that most of the LEED credits can 
have both positive and negative impacts on the other credits. 

 Key benefi ts of the predesign house of quality: The owner will provide the owner’s 
project requirements to the designers and can be assured the designers will have 
what is necessary to begin the schematic design. The designers can be assured they 
are beginning the design with approved owner’s project requirements, which have 
been developed by the owner with the assistance of technical experts from the 
commissioning authority team. After the basis of design is added and the analysis of 
the matrix is complete, the designers can move forward knowing that their basis of 
design has been approved as satisfactorily meeting the owner’s project requirements 
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and will likely reduce late changes. The owner’s project requirements and basis of 
design roofs also will provide a quick method for analyzing the effects of proposed 
design changes in later phases of the project.  

13.3.3     LEED House of Quality 

 The complex system of LEED credits requires the design disciplines to coordinate, 
cooperate, and communicate if the required LEED certifi cation level is to be 
achieved. There are many combinations of credits that can be utilized to accomplish 
an owner’s LEED certifi cation goal, but determining the combination that best fi ts 
the owner’s project requirements can be a diffi cult task and must be accomplished 
early in the project. An additional house of quality used to analyze the LEED certi-
fi cation requirements of the owner’s project requirements will be constructed. The 
LEED certifi cation level and the desired credits will become owner’s project 
requirements and be integrated into the owner’s project requirements section of the 
predesign house of quality. A building owner may require a LEED certifi cation level 
of Silver, for example, and the design team will work toward meeting that goal; 
however, in many cases the credits attempted are not approved by the certifi cation 
authority (the Green Building Certifi cation Institute), and a lower level is actually 
achieved or the project is not capable of meeting the certifi cation level because of 
other confl icting owner’s project requirements. 

13.3.3.1     Building the LEED House of Quality 

 At this point all of the certifi cation levels and the required points are added as own-
er’s project requirements, as the fi nal level that will be achieved is not known this 
early in the process. The LEED credits will now be added as basis of design 
responses. Figure  13.6  represents an abbreviated LEED house of quality. The 
remaining credits would be entered in the same manner, but are not able to be dis-
played in the format of this chapter due to the matrix size. The associated points for 
each credit are added to the target value (LEED points) row above the credits cat-
egories. LEED categories and credits along with the associated points can now be 
quickly referenced. The row above the target value is used to symbolically represent 
whether the target value should be maximized or is the target. Many credits only 
offer one point level (all or nothing), while others offer a range of points. If the 
points are “all or nothing,” a “O” is used to indicate this is the target. If the points 
are a range, a “▴” is used to identify that the goal is to maximize points. The next 
row above is used to represent the diffi culty of achieving the target or goal.

   In this case, the commissioning authority’s experience in the design and construc-
tion fi eld is used to rank the diffi culty of each credit from 0 to 10, with 10 represent-
ing “extremely diffi cult.” These values are not critical to the process, but can be 
a valuable tool for generating talking points during meetings between the 
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commissioning authority and the owner. Primarily the diffi culty represents the level 
of cost, time, and resources required to accomplish the associated LEED points. 
The matrix between the certifi cation level and basis of design is now populated. 

 This can only be completed with an understanding of the LEED process and the 
requirements for achieving the LEED credit points. Generally though, without that 
knowledge, it can easily be seen that in order to achieve LEED Platinum, which 
requires a minimum of 80 points from the available 110, attempting most of the 
credits will be necessary since achieving 80 points is not an easy accomplishment. 

 The same numbering scheme used in the predesign house of quality of 9 (high), 
3 (medium), and 1 (low) will be used to populate the relationship matrix to indicate 
how important it might be for this credit to be attempted in order to meet the level 
of certifi cation. Analyzing the opportunities or necessities for LEED Platinum, it 
can be seen that nearly every credit may need to be attempted to accomplish 80 
points, particularly if all available points for those credits that have a range of points 
are not achieved. This matrix provides insight into the diffi culty of achieving 

  Fig. 13.6    LEED HOQ       
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certifi cation and assists the owner in determining their LEED certifi cation goal and 
which credits to attempt to meet that goal. 

 One of the most valuable components of any house of quality is the roof as it 
represents the affects, either negative or positive, each design criterion has on 
another. It offers a quick visual for a commissioning authority and owner to under-
stand the impacts one design discipline’s decision will have on another design dis-
cipline’s work. The same strategy used to populate the basis of design and owner’s 
project requirement correlation matrices in the predesign house of quality is used 
here. This can also provide a quick reference for any designer to understand that 
communication with another designer or team will be necessary if a +, −, or +/− is 
found in the cell. 

 Some design decisions may affect or impact more than one design area or 
credit. In this situation a chain reaction of impacts occurs. An example might be 
the following: Sustainable Sites, Credit 7.2, Heat Island Effect – Roof, exposes a 
number of relationships that should be considered. There are many design strate-
gies that may achieve this credit but let’s look at the vegetative or “green” roof 
option. First, the cost to install a “green” roof would need to be compared to a 
more conventional roof which would also accomplish the credit (budget impact). 
Second, the “green” roof will likely have greater mass and may require an 
increased structural system in the building (budget impact and possibly a reduc-
tion of the interior volume, which reduces the available space for the building 
systems and occupants). Any roof that qualifi es for SS Credit 7.2 will reduce the 
heating and cooling loads on the building and, therefore, reduce the amount of 
energy required to maintain thermal comfort (life cycle cost). Another advantage 
with reduced heating and cooling loads is that the equipment required to heat and 
cool the building can be reduced (fi rst cost reduction). 

 Since the HVAC system is smaller, so too will be the electrical system necessary 
to supply the equipment (smaller electrical gear and lower fi rst cost). This is a veg-
etative roof so it will require irrigation to keep the plants alive (higher water usage 
and utility bill). This will negatively affect the Water Effi ciency (WE) of the building 
(WE Prerequisite 1). With this there is an opportunity to plant indigenous vegetation 
and attempt WE Credit 1, Water-Effi cient Landscaping, or SS Credit 5.1, Site 
Development – Protect and Restore Habitat. 

 Adding a skylight(s) to this roof will reduce the area of the vegetation, the heat 
island effect will still be reduced, the required irrigation will be reduced, but now 
the additional sun introduced through the skylight will contribute to achieving 
Indoor Environmental Quality, Credit 8.1, Daylight and Views – Daylight. However, 
the insulating factor of the vegetative roof is now reduced and solar heat gain is 
introduced, which will increase the heating and cooling load, HVAC system 
 requirements, and electrical system requirements. 

 The house of quality roof as designed for product development cannot take into 
account all of these LEED credit impacts at one glance, but does still have the ability 
to expose the possible path of the effects and provides a method to navigate the 
possibilities. Knowing that one credit will have an effect on another can still lead to 
the understanding that a third and fourth credit is affected. 
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 Based on other owner’s project requirements, some of the LEED credits can 
or will be eliminated. For example, the owner may have decided that in no cir-
cumstance shall the new building be located on a property that is considered a 
brownfi eld site. This would eliminate LEED opportunity Sustainable Sites, 
Credit 3, Brownfi eld Redevelopment. This is a simple and obvious example, but 
as some credits are eliminated, it reduces possible impacts that might be imposed 
on other credits. 

 Additionally, some credits may be eliminated because they are impossible to 
achieve given certain circumstances. Reviewing the LEED house of quality roof, it 
can quickly be seen that nearly all of the Sustainable Sites credits will have positive 
or negative impacts on each other. The site selection is critical to many other cred-
its and may be outside the control of the design team. Often an owner will have 
purchased a piece of property long before contacting an architect, design team, 
LEED Accredited Professional, or commissioning authority. The location and size 
of the property will immediately either eliminate the possibility of achieving or 
promote achievement of other credits. For example, if a site is selected in a rural 
setting, outside city limits perhaps, it is likely that it will eliminate the possibility 
of SSc2, Development Density and Community Connectivity, and SSc4.1, Public 
Transportation Access. What begins to happen is that the list of possible credits 
shortens and the need to maximize points of other credits heightens. Looking at the 
relationships area of the LEED house of quality, it can be seen that these numbers 
will have to increase, as fewer possibilities are available. Now many if not all of the 
relationships will be rated as a 9. It may be determined that it is impossible to 
achieve LEED Platinum or even Gold. 

 When this process is complete and the LEED certifi cation level and credits to be 
attempted have been determined, the credits will be integrated with the owner’s 
project requirements as a sub-requirement to the LEED level. 

 The complete and accurate owner’s project requirements approved by the owner 
are then provided to the design team. Now the design team’s basis of design response 
to the owner will be directed toward meeting those specifi c LEED credits as well as 
the other owner’s project requirements. It is recommended that the full LEED house 
of quality (all of the credits are listed) be kept intact for future review of impacts 
caused by late design change proposals. The commissioning authority and owner 
can quickly go back to the roof and determine if a proposed change will negatively 
impact the original credits, thus providing a greater opportunity to determine if the 
change has value to the owner.   

13.3.4     Design Phase 

 The typical commissioning process requires a minimum of three design reviews 
during the design development and construction document phases of the process. 
A primary goal is to verify the basis of design is being met by the proposed design. 
The body of the design phase matrix (Fig.  13.7 ) is used at each review to verify the 
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design meets the basis of design. The basis of design is now transferred from the 
predesign matrix to the whats section. This provides the connection between the 
predesign and design phases.
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  Fig. 13.7    Design phase       
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   Beyond the owner’s project requirements and basis of design, the commissioning 
process is typically concerned with the energy consuming systems within the building 
and generally verifi es the design and installation of those systems and components. 
The commissioned systems would have been identifi ed in the contract with the 
owner. Future analysis focuses on those systems. Typical systems include mechanical, 
electrical, plumbing, life safety, and building envelope. These systems are entered 
as hows in the technical response section. The goal is to enter these by division and 
break them down to system, subsystem, and component levels. The division is 
added to identify the requirements for commissioning specifi cations in the architect/
engineer team’s technical specifi cations. Subsystems and components are important 
because they are used to generate the construction checklists. The hows section is 
entered in the same fashion as a tree diagram is constructed, fi rst by the division 
number, followed by the system, subsystems, and fi nally the components. The purpose 
is to provide easy identifi cation of how the system is broken down and which trade 
is constructing the system. 

 Many of the trades will overlap on the systems, and now a checklist can be 
developed for each trade that has responsibility for the subsystem components. This 
ensures that each trade involved in the installation will be assigned a checklist. An 
example is a variable air volume (VAV) box. The sheet metal crew installs the box, 
which may include a reheat coil, the plumbers attach the piping and control valves 
to the coil, the controls crew installs the control devices and may run the necessary 
control wire, but the control wire installation could be left for the electricians. This 
small subsystem component may have as many as four different trades involved in 
the installation. Each trade should be provided a checklist to understand what is 
expected of them for their part of the installation. 

 The body of the matrix is used to verify the design meets the basis of design. 
To truly verify that the design has met the basis of design, it is not suffi cient to 
simply add some type of symbol, such as a check mark, to claim the verifi cation 
was completed. The recommendation is to fi ll the cell with the drawing number 
where it is confi rmed the design addresses the basis of design. If the models are 
built in an Excel worksheet, there are other features that can be used to improve 
the documentation. For example, the comments feature can be used to provide 
information regarding the drawing number and a grid location on the drawing. 
Different cell colors, such as green (verifi ed), yellow (in process), and red (not 
addressed), can be used to identify progress. In the example provided in 
Fig.  13.7 , the slot diffusers and indigenous vegetation are not addressed by the 
design. Drawing numbers have been added to cells to identify where the basis of 
design was addressed. 

 Construction checklists are developed based on the system, subsystem, or 
components identifi ed. For the focus of this research, these methods will not be 
discussed here. Templates are available from several sources, two of which are 
Building Commissioning Association (BCA) (  www.bcxa.org    ) and The Building 
Commissioning Handbook (Heinz and Casault  2004 ). These templates can be 
modifi ed to suit specifi c project parameters. The goal is to make certain each need 
for a checklist is addressed. Each checklist developed should have a unique 
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identifi er which will be added to the cell to provide a quick reference back to the 
checklist. If no checklist is required, an “X” should be placed in the cell so it is 
clear that nothing was overlooked. 

 The cells used for the commissioning specifi cations need to be checked off twice, 
once when the commissioning specifi cations are created and again when the 
commissioning specifi cations have been verifi ed to have been added to the technical 
specifi cations. Again color coding is used, green (complete), yellow (in process), 
and red (not started), to identify progress. After the commissioning specifi cations 
have been submitted to the architect/engineer team, the word “submitted” is also 
added to the cell. Commissioning specifi cations require expertise in the develop-
ment of specifi cations. The Building Commissioning Association (  www.bcxa.org    ) 
also offers commissioning specifi cation templates that can be used as a starting 
point. For the focus of this research, the methods to refi ne these templates will not 
be discussed here. 

 If the operations and maintenance staff is known and available at this phase of 
the project, the staff should be interviewed and the proposed systems discussed. 
Any necessary training for the operations and maintenance staff will be identifi ed 
by comment in the cell below the proper system or subsystem. An example might 
be “one week on-site training provided by the boiler vendor” entered below the 
boiler subsystem. No systems requiring training have been added to the example 
matrix. If the operations and maintenance staff is not known during this phase, a 
conversation with the owner and the architect/engineer team can help identify 
possible needs. The training requirements are then added to the technical specifi cation 
for bidding purposes. 

 The roof in this phase is again used to identify correlations among the hows, 
but since this is a review of the complete design, the consideration will be on 
potential construction coordination issues. Once these are identifi ed the owner 
can discuss these issues with the design team so they can determine if there truly 
is an issue that requires design modifi cations. If no design changes are required, 
the owner should discuss the locations of possible coordination issues with the 
contractors once they are hired. These locations should be reviewed during site 
visits. The roof in Fig.  13.7  identifi es a few possible coordination issues. 
Consecutive numbers are used in the cells along with the fi ll color of red to 
make identifi cation easier. A separate numbered list, corresponding to those 
numbers in the roof, is created to provide a narrative describing in detail the 
possible issues.  

13.3.5     Construction Phase 

 The construction phase matrix is illustrated in Fig.  13.8 . Begin building the 
construction matrix by transferring the building systems, subsystems, and com-
ponents from the design matrix to the whats area. Include the divisions as provided 
in the design phase.
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   The hows area will hold information regarding the equipment installations and is 
broken down by construction trade. Enter each trade which will be required to 
install the systems within the design. 

 The construction checklists developed in the design matrix can be transferred to 
the body of the matrix for use in linking the whats with the hows. This process iden-
tifi es that each trade required for a subsystem installation has a checklist assigned. 
If any were overlooked in the previous matrix, they should be developed now. 

 The contractors have their own internal methods and quality control, and the 
commissioning authority has no authority to request that they change their pro-
cess; therefore, the relationship matrix focuses on what is needed to verify that 
the contractors’ methods are suffi cient to meet the expectations of the owner. 
This is accomplished by developing construction checklists which will be fi lled 
out by each subcontractor during the installation process. The required checklists 
were identifi ed and developed in the previous phase. The construction matrix is 
a means for tracking the verifi cation process. Subcontractors will be given their 
respective checklists prior to beginning the construction process. Their input and 
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approval will be necessary to ensure buy-in and completion. As the checklists are 
completed, this should be documented, and the completed checklists should be 
randomly sampled for accuracy by verifying during site visits that each item on 
the checklist has been completed properly. The suggestion is to mark the matrix 
to indicate which checklists have not been started, which are in process, and 
which are complete. Different symbols can be used or a cell color, such as green 
(complete and without issue), yellow (in process), red (not started), and orange 
(complete but with unresolved issues). 

 As the general contractor presents submittals to the design team and commis-
sioning authority, the submittals must be confi rmed to meet the owner’s project 
requirements and fi nal design before being checked off as verifi ed. A suggestion is 
to house the submittals in electronic folders by division and provide a link to the 
folder and fi le for each submittal. This will provide for quick reference later. This 
can also be the basis of an electronic operations and maintenance manual and sys-
tems manual. The cells are color coded green (verifi ed and approved), yellow (in 
process), and red (not started). 

 The area below the body matrix will be used to identify those equipment instal-
lations and systems which require functional tests and later for verifi cation that the 
tests are complete and without issue. As the submittals come in from the contractors, 
and the equipment is approved, the functional tests can be developed. A unique 
identifi cation for each functional test should be developed and entered into the 
appropriate cell at the bottom of the matrix. The sources mentioned previously can 
provide templates for the functional tests. For the focus of this research, the methods 
to refi ne these templates will not be discussed. Again, links can be provided to 
electronically store functional tests for quick reference and for use later in the 
systems manual. Color coding is again used to identify the status of the tests.  

13.3.6     Operations and Maintenance Phase 

 The equipment installation entries from the construction phase are then trans-
ferred to the whats in the operations and maintenance matrix (Fig.  13.9 ). The 
hows are the documents that need to be collected and provided to the operations 
and maintenance staff at building occupancy. Documents to be tracked are func-
tional tests, construction checklists, operations and maintenance manual, systems 
manual, and training documents. Color coding the relationships area is used to 
identify the status of the documents as they are provided by the contractor. The 
entire matrix is red at the beginning. Yellow represents those documents that are 
under review and green represents the approved documents that are in the com-
missioning authority’s possession.

   The operations and maintenance phase of the model is simply a checklist for 
gathering all of the necessary documentation for the operations and maintenance 
staff at turnover. Having the complete documentation allows the staff to maintain 
and operate the building at optimal performance. The information contained within 
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this documentation provides a method for continued communication among the 
operations and maintenance staff and occupants. One example of an opportunity to 
make use of the owner’s project requirements and basis of design documentation at 
building turnover is to develop a training session for the building occupants. Often 
the occupants are not aware of the effi ciency requirements that have been incorpor-
ated into the design and construction. Field experience has shown that the effi ciency 
standard that is most often noticed by occupants and the cause of many calls to 
maintenance is the control of the HVAC system. Most have experienced a cold or 
warm period in their work space and have attempted to adjust the thermostat to 
improve the conditions. If it is cold in the offi ce, the thermostat is adjusted to a 
higher temperature and the expectation is that the space will become warmer. This 
is not an unreasonable expectation, but one that is often not realized. This may be 
caused by the HVAC control strategy. For example, ASHRAE Standard 55.1-2010, 
Thermal Environment for Human Comfort, informs the designer that most occu-
pants will not be uncomfortable if the temperature is approximately 70–76 °F. The 
HVAC controls the set points for the temperature and are locked to this temperature 
range. Meaning if the temperature is already 76° and the thermostat is increased to 
a value above 76, the system will not respond by making the space warmer. This 
frustrates occupants that are feeling cold and frequently generates a call to mainten-
ance with the complaint that the heat is not working. Other occupants in the area 

  Fig. 13.9    O&M phase       
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might appreciate the fact that the space is not getting any warmer. This scenario is 
also true for the opposite state when more cooling is desired. 

 If the owner’s project requirements and basis of design are clear and provide 
information as to why this control strategy was pursued, the occupants can be 
informed of this when they move in. With a bit of understanding as to how the 
system is designed to operate, the complaints may be reduced. The few occupants 
who prefer a temperature outside the set points will know to dress accordingly to 
personally adjust for their own comfort before calling maintenance with a complaint. 
This is a result of simple communication that is typically not accomplished. The 
commissioning process is about quality, but quality requires communication, par-
ticularly through documentation. Detailed and accurate knowledge and information 
must be transferred through the project so each team has the best opportunity to 
deliver what is expected of them.   

13.4     Conclusion 

 The traditional four-phase quality function deployment model and house of quality 
used in product development were modifi ed to integrate with the commissioning and 
LEED processes. This new eco-innovative quality function deployment model pro-
vides a greater opportunity for the commissioning authority to ensure the owner 
realizes their sustainability and effi ciency goals with the fi nal building construction. 

 Emphasis was placed on improving communication and transferring knowledge 
among the different project teams and the project phases by linking the key commis-
sioning activities. Early detection of potential issues in the predesign and design 
phases is critical to reducing costs associated with late issues and for achieving the 
owners expectations; therefore, three key modifi cations were made to the model in 
the early phases. The addition of a roof to the owner’s project requirements, used to 
identify potential confl icts among the different owner’s project requirements, is 
essential for bringing the basis of design into alignment with the owner’s project 
requirements. The traditional house of quality already places a roof on the basis of 
design to identify potential confl icts among the design criteria, so if an item in the 
basis of design must change to accomplish owner’s project requirements alignment, 
it can quickly be seen if that basis of design change will impact other design criteria. 
This ability to investigate potential confl icts must also be available if it is decided 
that an owner’s project requirement must change to accomplish alignment. 

 With this additional roof a change in owner’s project requirements can be inves-
tigated for how it will impact other owner’s project requirements. Finally, for those 
projects seeking LEED certifi cation, an additional house of quality was modifi ed to 
analyze the LEED certifi cation goals and potential credits to pursue. Critical to the 
LEED house of quality is the use of the roof to understand the design impacts each 
of the credits has on the others. This understanding allows the owner and commis-
sioning authority to carefully specify which credits to attempt, to integrate with the 
owner’s project requirements, and to provide to the design team. 
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 The owner’s project requirements and basis of design are considered living 
documents and are subject to change. Two activities in the commissioning process, 
“verify basis of design meets the owner’s project requirements” and “verify 
construction checklist completeness,” are typical points in a project when the owner’s 
project requirements and basis of design are frequently required to change. Late in 
predesign or early in the design phase, the design team provides the basis of design 
to the owner for review. If the basis of design and owner’s project requirements do 
not align well, it must be determined which document or both must change. To 
make an informed decision as to whether to allow the change, it must be analyzed 
for how it will affect the owner’s project requirements. 

 This eco-innovative model provides a means to accurately defi ne the owner’s 
eco-goals and to link the design and construction activities to the owner’s project 
requirements and LEED certifi cation goals. This improved quality assurance meth-
odology can drive improved long-term success of the building.     
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    Abstract     This chapter shows how a radically new technology can be developed. 
Through a case study based on interviews and action research, this chapter deals 
with displacement island ferries in European waters where a radical innovation is 
made in the shift from steel designs to a lighter carbon-fi ber composite alternative. 
A key characteristic for eco-innovation is that it combines techniques, practices, and 
knowledge across existing boundaries. Networking and collaboration therefore 
become important for creating ideas and implementing these in order to get the 
environmental innovations on the market. The analysis focuses on three main prin-
ciples that together constitute the radical change in the technology, namely, (1) light 
construction inspired from yacht racing; (2) to leave ashore what is not needed at 
sea, also adopted from yacht racing; and (3) to make a modular design that makes 
the use of the ferries more fl exible, which is adopted from the naval sector. The case 
study shows how new actors on the market create this radical innovation and build 
a network to support the solution. The new actors, even though they are to some 
degree competitors, have chosen to collaborate and to access the ferry sector, a sector 
that they have not previously targeted as their primary sector. The actors have expe-
rience with carbon composite technology and are not fi xed by a production based on 
steel. This allows them to introduce this technology as a disruptive innovation that 
challenges and changes the way ferries are produced.  
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14.1         Introduction 

 Transport is one of the major global contributors of greenhouse gasses. In 2010, the 
sector was estimated to contribute 14 % of the total anthropogenic greenhouse gas 
emissions in the world, and the emissions are still increasing (Love et al.  2010 ). To 
date, the main eco-innovation incentives with the purpose of reducing the green-
house impact of transport in Europe have been on cars, trucks, and trains (Harvey 
 2013 ). Compared to these forms of transportation, maritime transport has a low 
level of greenhouse gas emissions per weight freight transported (Buhaug et al. 
 2009 ). Being a less polluting alternative might explain why the technological devel-
opment in regard to energy effi ciency has been limited. Nonetheless, maritime 
transport represents 3.3 % of the world’s total CO 2  emissions (Buhaug et al.  2009 ). 

 While eco-innovations in the maritime sector have been few, those innovations 
that have taken place have mainly focused on large vessels and their reduction in 
fuel consumption by improved operation (Lindstad et al.  2011 ). This chapter does 
not address these large vessels but instead focuses on one of the less addressed tech-
nologies, namely, small island ferries. Opposed to the larger vessels, the small fer-
ries have a high lightweight/deadweight ratio, meaning that the ferry itself stands 
for half of the total weight in operation. As the energy effi ciency of ferries, to a large 
degree, is dependent on the weight of the water to be displaced, the energy con-
sumption for small ferries is largely dependent on the weight of the empty vessel 
(Hjortberg  2012 ). This also means that radical innovations within the small island 
ferry sector call for including weight reductions. 

 Lightweight carbon composite constructions have, for decades, provided win-
ning solutions to the navy, as well as to super yachts and extreme sports vessels. 
Research shows that the same solutions that enable extreme speed can give a 50 % 
fuel saving potential if applied in small island ferries in Denmark and abroad 
(Watson and Schmidt  2012 ). 

 To make the next generation of ferries greener, life cycle costs and environmental 
performance have to be refl ected in tendering documents and contracts. This could 
be done, for example, by introducing weight-based fi nancial incentive structures 
which make lighter solutions more competitive. Perhaps new, green business mod-
els are needed, where investments with potential energy savings are fi nanced 
through the guarantied future savings. 

 Small island ferries in Denmark, on average, operate with a defi cit. Primarily, 
they are owned and operated by municipalities as a part of securing an appropriate 
infrastructure to the small Danish islands. There are 70 Danish island ferries cur-
rently in operation, with an average age of 26 years. This means that many of them 
are to be replaced in the coming years (Krag and Trolle  2012 ). Due to this expected 
demand for new ferries, it is interesting to look into how ferries can be developed to 
have a radically lower environmental impact and to investigate how this radically 
new technology can become the future technology in the sector. 

 Therefore, the research question that is analyzed in this chapter is:

  How can a transformative technology, which constitutes a radical innovation in the ferry 
sector, be developed to become a part of the future ferry technology? 
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   The focus is therefore an example of a more general intention to understand how 
a new technology can be developed into an attractive alternative to the existing tech-
nology. In this context, we understand technology as the combination of techniques, 
knowledge, products, and organization (Müller  2003 ).  

14.2     Background 

 It is a challenge to develop and implement eco-innovation because eco- innovations 
often are complex innovation processes combining different forms of knowledge, 
technologies, and actors. Eco-innovations therefore often have a disruptive effect on 
the practices of innovation and use. In this chapter we fi rst discuss eco-innovation 
and its disruptive effects and set up an analytical framework. 

14.2.1     Eco-innovation and Radical Innovations 

 When discussing a new ferry technology as an eco-innovation, it is important to 
defi ne what actually constitutes an eco-innovation. We apply Rennings’ defi nition 
of eco-innovations, which states:

  Eco-innovations are all measures of relevant actors (fi rms, politicians, unions, associations, 
churches, private households) which;

 –    develop new ideas, behavior, products and processes, apply or introduce them and  
 –   which contribute to a reduction of environmental burdens or to ecologically specifi ed 

sustainability targets. (Rennings  2000 )    

   In this chapter we focus on eco-innovation which has a disruptive effect. 
Disruptive eco-innovations have been defi ned by the EU’s eco-innovation obser-
vatory as:

  Innovations that lead to shifts in a paradigm or in the functioning of an entire system are often 
referred to as  disruptive eco-innovations . They can lead to reconfi guring entire markets, con-
sumer behaviour and technological systems. Systemic changes resulting from such innovations 
can make some existing products or services redundant. (Eco-innovation Observatory  2011 ) 

   The 2011 briefi ng report warns that eco-innovations must be scrutinized to assure 
that they really have an improved environmental performance and do not just lead 
to problem shifting or environmentally negative rebound effects. One such way to 
scrutinize eco-innovations that is often suggested in EU environmental policy is to 
perform a life cycle assessment (LCA) that follows certain minimum requirements 
defi ned by the international standard ISO 14040. It is therefore important to inte-
grate and use tools as life cycle assessment and life cycle costing as active instru-
ments for constructing eco-innovation. 

 Eco-innovations can constitute both smaller and larger environmental 
improvements, but it is essential that the innovations actually lead to environ-
mental improvements. 
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 In this chapter we consider an innovation that is introduced in the ferry sector, 
but is it actually a radical innovation? 

 A literature review shows that there are many types of eco-innovations in ship 
design, which differ in relation to technological radicalness and environmental 
effects. Often they are according to their energy saving potential. 

 Table  14.1  shows that many technologies exist that can reduce the fuel consump-
tion of a ship. The fuel savings are not additive and, especially those innovations 
marked with *, cannot be mounted simultaneously as they are all addressing the 
same hydrodynamic elements around propellers and rudders.

   As can be seen from the table, light carbon composite structures are among the 
most effective innovations with a large potential to reduce the environmental 
impacts related to fuel consumption. 

 But how did this radical innovation come into play in ferry development? The fol-
lowing section addresses the case of the chapter, namely, the Eco Island Ferry project.  

14.2.2     Theoretical Framework for Developing Transformative 
Eco-innovations 

 The purpose of this section is to develop a framework for understanding the type of 
transformative eco-innovations that forms the Eco Island project, eco-innovations 
that are developed within a niche of actors with limited institutional, economic, and 
technological resources. 

 Eco-innovations seem to have an increasing infl uence in many industries due to 
the environmental challenges that the industries, the consumers, and the society as 

   Table 14.1    Examples of eco-innovations in the ferry sector and their fuel saving potential   

 Technology 
 Fuel saving 
potential  Source 

 Sail → steam  Negative 
 *Kappel tip-fi n propeller  3–5 %  Hochkirch and Bertram ( 2010 ) 
 *Rudder bulb  2 %  Hochkirch and Bertram ( 2010 ) 
 *Pre-swirl duct (Mewis)  7–8 %  Mewis and Guiard ( 2011 ) 
 *Pre- and post-swirl fi ns  3–6 %  Hochkirch and Bertram ( 2010 ) 
 Adjusted hull design 

(small UK trawlers) 
 40–50 %  Rihan et al. ( 2010 ) 

 *Rudder resistance  2–8 %  Hochkirch and Bertram ( 2010 ) 
 Improved hull coatings  Up to 5 %  Stenzel et al. ( 2011 ) 
 Drag reduction through microbubbles 

of air on hull 
 10–15 %  Kumagai et al. ( 2010 ) 

 Sails and kites  10–35 %  Sidhartha and Kumar ( 2012 ) 
 Rotating Flettner cylinders  16 %  Traut et al. ( 2012 ) 
 10 % speed reduction  20–30 %  Corbett et al. ( 2009 ) 
 Steel → light carbon composite 

structures (small ferries) 
 50 %  Watson and Schmidt ( 2012 ) 
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a whole are facing. There is a growing recognition of eco-innovations as a means to 
limit increasing environmental impacts, but each innovation needs to have a charac-
teristic that breaks the dominant ways of developing and improving products, 
processes, and activities. This is increasingly realized through the development of 
end of pipe solutions, product technologies, and life cycle thinking to develop more 
transformative and disruptive solutions (Scrase et al.  2009 ; Smith et al.  2010 ). As a 
supplement to these perspectives, we emphasize a new type of eco-innovations, and 
the way they are developed, in order to contribute to the understanding of how eco- 
innovations and their dynamic development can be understood through a combin-
ation of innovation theory (Hargadon  2002 ,  2003 ), network theory (Håkansson 
et al.  2009 ), and institutional theory (Hargadon and Douglas  2001 ). By doing this 
we contribute to an understanding of how it is possible for actors and organizations 
to develop radical new solutions through combining activities, knowledge, and 
actors, solutions that break the dominant (existing) way of developing technologies. 
This understanding allows us to contribute with policy suggestions that facilitate 
eco-innovations. 

14.2.2.1     Eco-innovations as Transformative Innovations 

 The terms that are often applied in the understanding of the potential environmental 
improvements created by innovations are incremental and radical innovations. An 
alternative approach is to distinguish between sustaining innovations and disruptive 
innovations (Scrase et al.  2009 ). 

 The distinction between incremental and radical innovations takes a point of 
departure in the level of change. Incremental innovations reduce the environmental 
impact, but are based on existing knowledge, technology, behavior, and organiza-
tional framework (Conway and Steward  2009 ). Radical innovations, on the other 
hand, are based on the application of new knowledge, technology, and organiza-
tional framework in a way that interrupts the existing practices in the sector (Conway 
and Steward  2009 ). When the interruption occurs, the concept of technological 
development is central to the development of new products, new processes, and new 
business models. 

 Another approach is to distinguish between sustaining and disruptive innovations 
(Christensen  2013 ). A disruptive innovation helps create a new market and value 
network. It is called disruptive as it disrupts an existing market and value network 
by improving a product or service in ways not expected by the market (Christensen 
 2013 ). This means that disruptive innovations change the organizational and institu-
tional framework on the market and are introduced by actors and institutions that are 
not part of the dominant market actors. In this approach, innovations are not seen as 
a narrow technical solution but as a change in the framework for innovations. 
Sustaining innovations, on the other hand, aim to sustain the existing framework for 
development of products and markets. Sustaining innovations can be both incre-
mental and radical technological changes, but the crucial point is that they sustain 
the dominant organizations and institutions on the market. 
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 We have chosen to combine these two approaches as we look at transformative 
innovations as innovations that contribute to changing the existing concepts, tech-
nologies, and institutions so that the way we understand and develop ferries is 
changed. As for the theory of disruptive innovations, we understand transformative 
innovations as innovations that can be both radical and incremental, as the import-
ant criterion is not the radicalness in the potential change in environmental impacts 
but the way the innovation changes the way ferries are designed, built, and operated 
(Scrase et al.  2009 ). This means changes that revise the interplay between organiza-
tions, institutions, and regulation.  

14.2.2.2     How Are Transformative Innovations Established? 

 Establishing transformative innovations is an organizational challenge as they disrupt 
the dominating knowledge, technology, and actors on the market. This disruption is 
created by combining knowledge, technology, and actors across existing organiza-
tions and institutions that can facilitate the development and implementation of the 
technology. 

 Hargadon ( 2002 ,  2003 ) has described those processes as consisting of the follow-
ing two phases. The fi rst phase is the idea generating and conceptual phase where 
actors, technologies, and ideas are combined across different organizations, sectors, 
and knowledge domains. It is a decisive point that transformative changes (which 
Hargadon describes as breakthroughs) often consist of well-known knowledge that is 
already present in the organizations involved. New and transformative technology 
then relates to the new constellations of knowledge, techniques, and organizational 
structure that facilitate the development of new solutions that, in a crucial manner, 
disrupts the existing ways of combining knowledge, techniques, and organizations. 
Transformative technologies have a potential for changing our perceptions of how to 
solve the environmental challenges that we face. There are however some challenges 
for these potentials to come into play, as the technologies challenge the existing solu-
tions and interests, and might be counteracted by the existing actors. It is therefore 
important to build a platform or create a network which can support the development 
and implementation of new technological solutions. This means that it is important 
to “create meaningful activities and valuable links between previously unconnected 
people, ideas and things” (Hargadon  2003 ). Therefore, a second phase of network 
building is necessary to build a network that can support the transformative techno-
logical, economic, and environmental practices and interest. If this network is not 
built, the transformative technologies will be counteracted by the dominant concepts 
and their actors and institutions – and will fail in its implementation. The institutions 
are very important because the actors’ behavior is institutionalized in the way they 
are practicing economy, technology, and environment, especially their concerns 
about the possibilities and limitations of the new technologies where these are giving 
value and meaning in relation to practices based on the “old,” existing technology. 
One group type of limitations which are also an important part is regulations as these 
often become obstacles to the new forms for disruptive solutions. 
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 The development of transformative technologies as a combination of different 
ideas, technologies, and actors is seen as an important part of understanding how the 
concept of carbon-fi ber ferries is developed here in this case. Three actors combine 
their activities and competences related to design and construction of ships and 
couple these to their knowledge from yacht racing and maritime ships. 

 In the construction of networks that facilitate the possibilities for implementing 
the carbon concepts in the ferry sector, both institutional capacity building and the 
establishment of new networks are needed. The actors construct activities, networks, 
and resources that are crucial for innovation development from a concept or idea 
through to an actual innovation.    

14.3     Case Study: The Eco Island Ferry Project 

 The “Eco Island Ferry” project includes a number of partners from the project indus-
try, government agencies from both Denmark and Sweden and research institutions. 
The project is a noncommercial initiative built on open-source principles with all 
project materials available on a web page. The aim of the project is to develop and 
demonstrate opportunities for new energy-effi cient ship technologies through the 
construction and building of vessels in lightweight materials. The project period is 
2010–2013 (Hjortberg et al.  2012 ). 

14.3.1     The New Technology 

 The project has had its focal point around designing a new ferry for the Tunø route 
in Denmark; see Fig.  14.1 . The ferry is designed as an “all things being equal” 
alternative which makes it possible to adapt and to measure the impact compared 
to the existing institutional set-up. The aim is to demonstrate that the energy effi -
ciency can be improved signifi cantly and, thereby, the new technology constitutes 
a signifi cantly better alternative both in terms of environmental impact and cost. 
The capacity is the same as for the existing ferry: It has the same type of gangway 
and has a capacity of 200 passengers, 3.075 t of cargo, and 6 cars. The calculations 
are made based on the same timetable as well, the ferry being in operation 4 h a day 
with a speed of 9.5 kts.

   The “all things being equal” alternative allows for a comparison between the new 
ferry technology and the traditional steel techniques. The comparison is performed 
by the use of life cycle assessment and life cycle cost analysis. 

 The key differences between the new ferry and the reference ferry are pre-
sented below: 

 In Table  14.2 , the radically new elements of this technology are indicated, and 
the main point is that the displacement is much lower due to the lighter weight, 
and this means that the energy consumption is signifi cantly reduced. Another 
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environmental improvement is the reduced use of zinc anodes that are traditionally 
used to protect ships from corrosion. Furthermore, the reduced displacement also 
reduces the wet surface which again reduces the environmental impacts of anti-
fouling paint.

   Based on a life cycle assessment that compares the alternative ferry design with 
the reference ferry, it is concluded that the Eco Island Ferry has a lower impact in 
all environmental impact categories, and for most impact categories, the potential 
impact is around 50 % of the impacts of the traditional steel-based ferry (Watson 
and Schmidt  2012 ). 

 A life cycle cost analysis shows that the production and the documentation are 
more expensive for the carbon-fi ber ferry, but it has lower operational and mainte-
nance costs (Lindqvist  2012 ). Salaries are also an important expenditure, but they are 
the same for the two ferries. The break-even point is calculated to 8.6 years after 
operations start – then the additional investment in the carbon-fi ber ferry is paid back, 
but the expected lifetime is more than 30 years. This means that the carbon- fi ber ferry 
has a lower expected life cycle cost than the reference ferry (Lindqvist  2012 ). 

  Fig. 14.1    Sketch of the Eco Island Ferry (Hjortberg et al.  2012 )       

   Table 14.2    Key differences between the carbon-fi ber ferry and the reference ferry (Hjortberg 
et al.  2012 ; Mosgaard et al.  2014 )   

 Existing steel ferry  New carbon-fi ber ferry 

 Hull design  Single hull  Catamaran 
 Lightweight  250 t  77 t 
 Ballast  34 t  0 t 
 Displacement  340 t  125 t 
 Engines  2 × 294 kW  2 × 110 kW 
 Fuel consumption  100 l/h  53.1 l/h 
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 The institutional set-up had very important infl uence/effect on the possibilities 
for creating a new technology. One of the obstacles that the project has concen-
trated their work on is fi re and safety measures. Due to previous fi res on ferries, 
such as the Scandinavian Star in 1990 with 158 fatalities, fi re and safety is not only 
an important factor for those buying the ferries, but strict safety regulations are also 
included in the European ferry directive. However, the regulation is designed for 
ferries made of steel, and this has shown to be a challenge when designing ferries 
of carbon fi ber. As the mechanical engineer that has been one of the central actors 
of the design team puts it:

  The biggest challenge has been the risk of fi re, because the tradition for getting anything 
that can burn out of the ferries goes back to the 50’ies. There are still countries that will not 
consider carbon-fi bre ferries at all. Then we can say: Do you build ferries of steel? That 
can’t fl oat, that’ll sink! I think that it is an absurd argument for not having carbon-fi bre fer-
ries. (Sørensen  2013 ) 

   Being challenged a bit on this argument, he continues:

  It is not a matter of whether the ship can burn or not. First of all the fi re should never occur. 
The challenge is what we can do to secure that the fi re never occurs, and if it does then how 
will we fi ght it? (Sørensen  2013 ) 

   He actually thinks that the present regulation is too strict for small island 
ferries:

  You can fl y in a plane 10 km above the ground that is made of 80 % carbon-fi ber. How can 
we accept this safety level and at the same time set so strict demands for a 5 minutes ferry 
ride to an island? (Sørensen  2013 ) 

   The challenge is that the European Ferry Directive stresses in the introduction 
that it only applies to vessels and that “they shall be constructed of steel or other 
equivalent material” (EC Directive 2009/45/EC). This means that the carbon-fi ber 
ferries cannot be constructed according to this directive and therefore are instead 
designed according to national legislation with a national approval. This is inexpen-
sive; however, it impedes easy reexportation of the ferries to other EU countries 
(Hjortberg et al.  2012 ). 

 Another possibility is to build according to the requirements of the SOLAS 
Convention (International Convention for the Safety of Life at Sea). This is a 
more expensive solution as the rules are intended for ferries in unrestricted ser-
vice (Hjortberg et al.  2012 ). SP Technical Research Institute of Sweden has 
been responsible for applying a “rule 17 analysis.” This is a procedure to ana-
lyze and assure safety compliance when deviating from traditional ship design 
according to the SOLAS convention (Hjortberg et al.  2012 ). Having an open-
source demonstration project where materials and analyses are publicly avail-
able, it is hoped that it can infl uence the general rule making in the EU. One 
possibility is to make the future directives more in line with the SOLAS conven-
tion, opening for a faster dissemination of small light ferries with reduced envi-
ronmental impact.  
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14.3.2     The Actors That Are Developing the New Technology 

 The project was initiated by three small- and medium-sized private actors working with 
design and construction of ships. Their main experiences lie within yachts, navy vessels, 
industrial ships, and to some degree fi shing boats, but traditionally not ferries. They do, 
however, have a lot of experience with lightweight materials for ship construction. 

  Niels Hjørnet Yacht Design  is a Danish, one-man business. The owner is an active 
yachtsman in his spare time. Among other activities, he designs yachts and opti-
mizes sailboats of different varieties, from classic yachts to modern racers. In the 
Eco Island Ferry project, Niels Hjørnet Yacht Design has calculated the drag, devel-
oped the hull, and designed the propulsion. 

  Danish Yachts  is a Danish company with 100 employees. The actor involved in 
the project is a mechanical engineer that has previous experience from the naval 
industry and is also an active yachtsman in his spare time. The company is special-
ized in building modern motor yachts and sailing yachts. The main task of the 
mechanical engineer in the project has been the layout of the ship. Besides this he 
has worked with the interpretation of rules and regulations. 

  Coriolis AB  is a Swedish, one-man business. The owner is also an active yachts-
man, and he has experience with building vessels in lightweight materials. The busi-
ness supports both ship owners and shipyards with technical advice on new builds 
as well as with retrofi t projects. They also advise in matters related to rules and 
regulations. In the Eco Island project, Coriolis has performed calculations and 
design regarding the stability of the ferry but also other ship design calculations. 
Besides this, Coriolis has performed a market analysis. 

 These three actors constitute the core of the network, but other actors have been 
involved as well. One actor is Aalborg University that has had a role in applying for 
funds to cofi nance the project and as a research partner participant in meetings and 
conferences. The life cycle assessment and life cycle cost assessment of the ferries 
are also made by private actors. Both Danish and Swedish maritime authorities have 
participated in meetings with the aim to comment on and discuss the rules and pos-
sible interpretations of these related to carbon-fi ber ferries. 

 Together these actors have had the knowledge and experience to be able to introduce 
a radically new ferry technology, by applying their knowledge from other industries. 
Eco-innovations often address incremental changes in product design and to a lesser 
degree radical innovations. The various experiences from other sectors and also their 
personal interests in sailing have facilitated the possibility for transferring technologies 
from other sectors to this ferry project and thereby facilitating a radical innovation.  

14.3.3     Method 

 The empirical basis of this chapter is a case study of a development project including 
a number of actors, as presented in the introduction. The analysis focuses on how 
radical innovations can be implemented in the ferry sector through the introduction 
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of a transformative technology. The focus is therefore on how the different actors 
play a role in introducing this transformative technology and on the interaction 
with other actors in order to introduce this technology on the market in the 
future. This demands a change in the way ferries currently are evaluated by 
customers and by maritime authorities. This focus on a transformative technology 
only rep resents a part of the project, but it is chosen with the aim to focus on the 
research question. 

 The transformative technology introduced by the project constitutes what 
Flyvbjerg defi nes as an extreme case (Flyvbjerg  2001 ). An extreme case is applied 
to obtain unusual information which can be special in a more closely defi ned sense 
(Flyvbjerg  2001 ). In this case study, the case is extreme in two ways. First of all, it 
constitutes a radical change in the technology applied in the ferry sector with a large 
environmental potential. This might be explained by the rigidity in the ferry sector 
over time that is now challenged by introducing new actors. Secondly, it represents 
a strongly regulated sector that counteracts eco-innovations. 

 As one of the authors has been involved in the Eco Island Ferry project from 
the beginning, the methodology of the case study is based on an action research 
approach. Action research has the goal to solving practical problems in a real 
world through collaboration between research institutions and industry (Denzin 
and Lincoln  2000 ). 

 The action research approach has made it possible to gain thorough knowledge 
of the complex conditions that characterize the age-long collaboration to develop 
the ferry concept. Due to the close collaboration between the researcher and the rest 
of the actors in the project, trust has been built between the actors that allows access 
to internal documents. A bias might be introduced when the researchers are part of 
the project, a bias that would not occur if we were objective third-party observers. 
To counteract this potential bias, two researchers that have not participated in the 
project as such have conducted the data collection and co-authored the chapter. 

 We follow a case study research approach and therefore include multiple sources of 
evidence for the data collection and analysis (Eisenhardt  1989 ; Yin  2009 ). The main 
data collection has happened through participation in the project: in meetings, written 
correspondence, and conferences. This data is supplemented with semi- structured 
interviews. The main elements in the interview guide are structured by the theoretical 
framework and are thus: (a) personal background of the interviewee, (b) characteris-
tics of the new technology, (c) the basic design principles applied, and (d) the future 
potential of the new technology. 

 In the network, the plurality of previous experiences of the different actors was 
used as a way to supplement each other and develop a new technology. One of the 
challenges in action research is that “the researcher should not subject the research 
population to embarrassment, harm or other material disadvantage” (Lewis et al. 
 2009 ). To counteract this potential problem, the results of the analysis were pre-
sented to the central actors involved. A potential risk in action research is that the 
researchers become trapped in the action and therefore are not able to make objective 
refl ections (Argyris et al.  1985 ). The way this is counteracted is by choosing a case 
study design that produces context-dependent knowledge but relies on numerous 
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other data sources that are of a more objective character than just the perception of 
the researchers. Yin ( 2009 ) recommends multiple data sources to establish as much 
internal and external validity as possible. 

 One of the main data sources to document the technology developed is document 
analyses of project material such as minutes from meetings, reports, internal com-
munication, as well as presentations from conferences. We read closely through the 
material while having the theoretical framework in mind. We thereby identifi ed 
interesting perspectives related to radical innovations and the transformative tech-
nology. To create valid results based on the interviews, the interviewer was explicit 
about his or her own assumptions before conducting the interviews. This makes it 
possible for the respondents to either verify or reject the assumptions. To secure as 
much objectivity as possible in the interviews, they were prepared and conducted by 
a researcher not involved in the project. 

 Based on the action research approach and the multiple data sources, the analysis 
is presented in the following section.   

14.4     Case Study Analysis 

 In this section we present the preconditions for implementing a radically new 
technology in the ferry sector; how can this disruptive innovation be seen in 
practice? Afterwards the three main principles for changing the technology are 
identifi ed and analyzed. 

 There is radically higher energy effi ciency in changing the way in which ferries 
are constructed by using lightweight construction materials. The necessary technol-
ogy already exists in other maritime sectors (yachting and the navy), and there is a 
demand and a need for energy-effi cient ferries by the customers. 

 The radical element in this solution not only addresses the change in technology 
itself, but the entire concept of how to construct a ferry and the optimization factors, 
in this regard, are revised. This also means that the ferries are developed fi rst and 
foremost as island ferries that have limited size and travel short distances in rela-
tively calm waters, as the ferries are less stable at sea than the traditional more 
heavy constructions. As shown by Clayton Christensen ( 2001 ), new technologies 
can often enter a niche in a market and gain a competitive advantage within this 
niche. This might be the case with the carbon-fi ber ferries as the technology demands 
other construction facilities than those that are present at the existing traditional 
shipyards involved in ferry production. 

 In this process, a number of actors have bonded by collaborating on common 
activities and adapting their resources (Mosgaard et al.  2014 ), and common for 
these actors is that they have working experience from sectors where carbon com-
posites are applied for ships, namely, the naval industry and yacht construction 
and design. The main actors are two micro companies and one small company, 
and from each of the companies, one enthusiastic actor has been the main driver 
of the project. Without these three enthusiasts, the project would neither have 
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been initiated nor completed. Besides these designers and constructors, a number 
of research institutions have worked with documenting the economic and environ-
mental potential in lightweight ferries seen in a life cycle perspective, as well as 
conducting a “rule 17 analysis”: a procedure to analyze and assure safety compli-
ance when deviating from traditional ship design according to the SOLAS con-
vention. To promote the idea of the lightweight ferries to both the potential 
customers and fi nancial institutions, more communicative actors have also been 
involved (Mosgaard et al.  2014 ). 

 In this process, a “them versus us” approach to discussing the technology has 
occurred, where “them” are other shipyards and actors that design and produce ferries 
in steel and “us” as those that try to change this by applying lightweight techniques. 

 The light ferry is constructed based on the fundamental understanding of the link 
between speed, energy effi ciency, and weight; see Fig.  14.2 . To increase the energy 
effi ciency, it is possible to either build a lighter ferry or reduce the speed, or if you 
wish to increase the speed, you can either make the ferry less energy effi cient or 
reduce the weight.

   After a long and institutionalized technology focus on steel (Mosgaard et al. 
 2014 ), it now seems to be possible to have a radical shift in technology as the cus-
tomers have increased focus on the life cycle costs of running a ferry as well as the 
impact on the climate, both of which call for applying lighter technologies. 

14.4.1     Disruptive Innovation in Practice 

 The case is an example of a transformative technology with a disruption of the 
fundamental way that ferries are constructed, since the focus shifts from stability 
and few crew requirements to lightweight construction and energy effi ciency. As a 
part of this, there is a disruption with the materials that are used as well, shifting 
from steel to carbon fi ber. 

 As Christensen has shown for other sectors (Christensen  2001 ), a disruptive 
technology is often introduced by new actors on the market, as the existing actors 
do not have the incentive to introduce it. In the ferry sector, this means that the exist-
ing shipyards that focus on steel constructions are rationally driven by their existing 

Energy efficiency

WeightSpeed

  Fig. 14.2    Three interlinked optimization factors for ferry construction. In this case (Eco Island 
Ferry) energy effi ciency and lightweight have been optimized, whereas the speed has been chosen 
so that it matches the reference ferry       

 

14 Light Island Ferries in Scandinavia: A Case of Radical…



288

markets and the demands from their main customers, namely, to produce ferries of 
steel. When Eco Island Ferry was established as a project, the intension was to make 
a disruptive technology with new qualities compared to the old ferries, as this is 
what constitutes a market potential in the future. 

 Having this in mind, the new technology is not necessarily a “better solution” if 
it is evaluated on the premises of the existing ferries, as they might be less stable or 
brisker at sea. This does not mean that they are less safe, but that the passengers 
could experience ferries that move more at sea or that the operation of the ferries 
would demand a more alert staff. These potential drawbacks related to material 
choice are counteracted by switching to an alternative catamaran design. What these 
lighter ferries then can offer is a reduced environmental impact and better economy 
in a life cycle perspective. 

 Unfortunately, the existing institutional set-up will not automatically favor 
ferries that have lower life cycle cost. The reason is that the traditional way of orga-
nizing the public procurement process of ferries is by publishing a tender document 
that holds the technical specifi cations and then deciding on the lowest bid – meaning 
the lowest initial investment that supplies the requested functionality. If the tendering 
procedure instead would include a weight-related penalty – or the opposite, an inno-
vation-spurring bonus payment for lighter-than-expected vessels – the bid would 
refl ect the total cost of ownership if the incentive corresponded to the calculated life 
cycle costs. The Eco Island Ferry project team addressed also these barriers by pro-
posing alternative business models including leasing. 

 One of the explanations of why this disruption can occur is that the actors have 
not previously built ferries, but have had a main focus on yachts. This means that 
they are not dependent on steel as their main construction material as other ship-
yards are. In an existing shipyard, this change in technology is less likely to occur 
as it means that most of the production facilities have to be refurbished. Additionally, 
both designers and employees would require education in working with the new 
material. Furthermore, the fact that the designers have previous experiences for 
applying carbon fi ber as a material for building ships makes it easier for them to 
come up with the idea for applying it on ferries as well. 

 The actors involved in this innovation process seek confrontation with the exist-
ing technologies, as it can give them a potential part of the market share in the ferry 
sector. This means that a radical change is necessary, as small incremental changes 
in the technologies would not provide them with arguments for implementing new 
technologies. 

 Below a sketch of the iterative process of designing a ferry is presented, and it is 
shown how the designers are infl uenced by principles from previous experiences in 
related sectors. 

 The main difference between the innovation process sketched in Fig.  14.3  and 
traditional ferry innovation processes is the appliance of three new concepts. The 
fi rst concept is lightweight construction that is applied with inspiration from yacht 
racing, and the second is to leave ashore what is not needed at sea, also adopted 
from yacht racing. The third concept is to make a modular design that makes the use 
of the ferries more fl exible, and this is adapted from the naval sector.
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   For the actors to put these principles into play in the ferry innovation process, it 
is essential that they not only know these principles but that they also act upon them 
whenever choices in the design are made. This is possible as the three main actors 
not only agree on the principles but also have the previous experience to actually 
implement them in practice. Their main driver for developing a new lightweight 
ferry is primarily internal, based on their own previous experiences. This is in con-
trast to other, more commercial, innovation projects where it is the specifi cations 
from the customers that constitute the development framework. 

 The background and implications of these three principles are analyzed below.  

14.4.2     Principle One, Lightweight Hulls and Superstructures 

 Lightweight structures are the technology that initiated the radical changes in the 
ferry designs in the fi rst place. Previously safety, stability, and maneuverability have 
been the main optimization factors, and this means that the weight of the ferries has 
not been central in the design of the ferries. 

 Asked why there has been little focus on energy consumption in relation to fer-
ries, the naval architect answers:

  I do not think that they have had their eyes open for the triangle of interlinked factors; 
weight, speed and energy consumption; like it has been the case in other sectors like the 
formula one racers, fl ights and yachts race. Even in the car sector it has been an issue. 
But it has not been a focus area in the ferry business. Now, demands to reduce the pol-
lution are starting to appear in this sector as well, and how can we manage that? One of 
the solutions that occur is to make the light weight of the ferries lower than it is the case 
today. (Hjørnet  2013 ) 

   But this technology is actually not new, since it has been applied in the naval 
industry and race yacht sector for many years. Asked why the combination of 

Conceptual design

Optimization of hull

Choice of engines
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Calculation of power
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Principle one, 
lightweight hulls

and superstructures
(principle from
yacht racing)

Principle three,
build in modules
(principle from
naval industry)

Principle two, leave
ashore what is not
needed at sea
(principle from
yacht racing)

  Fig. 14.3    The interactive process of designing a ferry, where inputs from other sectors are illus-
trated in three external boxes. The development cycle is common for the development of other 
types of ferries as well       
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lightweight fi ber constructions and ferries comes into play now, when it is a 
well-known technology, the engineer answers:

  Due to economy with rising fuel prices and global warming, it depends on who you ask. 
(Sørensen  2013 ) 

   Asked the same question, the naval architect answers:

  I cannot give you an exact answer but… The price of fuel infl uences it, it has not been a real 
problem to consume oil previously… Well, it was just never a real issue before…. (Hjørnet 
 2013 ) 

   One of the points to deduct from this is that the technology does not “sell itself.” 
It is the changed fuel prices and thereby an increased focus on the operation expenses 
from the customers that gives a potential for implementing the lighter technology. 
In other words there has to be a market that demands the new technologies. 

 Another way to reduce the lightweight, besides making a lighter construction, is 
to leave ashore what is not needed at sea, the second principle.  

14.4.3     Principle Two, Leave Ashore What Is Not Needed at Sea 

 Somehow it seems obvious not to bring things aboard a ferry, and leave them there, 
if they are not needed on the trip. Nonetheless, this is to some degree practiced 
today. Asked how this new principle of reducing the weight by removing the items 
that are not needed at sea has originated, the technician answers:

  It is a really good question, I think that it has its origin in our daily routines at the shipyard; 
we had a boat built and ready for delivery just before Christmas but then it was 7 tonnes too 
heavy when it was launched. That is something you learn from. (Sørensen  2013 ) 

   Asked if it is possible that his experience from yacht racing has also infl uenced 
this, the naval architect answers:

  Yes! We never bring anything that is not necessary. Sometimes we even bring ashore loose 
seat cushions. (Hjørnet  2013 ) 

   Asked to give some examples related to ferries, the naval architect (and engineer) 
answers:

  It does not make sense to sail with 58 kg of paint, 115 kg of detergents and… I could keep 
on giving examples like that. It costs money. But the biggest issue for now is ballast water; 
it does not make sense to sail with water on board. (Hjørnet  2013 ) 

   And this issue regarding ballast water has shown to be an important point. Ferry 
operators tend to sail with quite a lot of ballast water permanently in the tanks, even 
when this is not necessary for stability or safety purposes. This means that the 
energy consumption ends up being higher than necessary. 

 The new focus on lightweight can have even further applications than ballast 
water, paint, detergents, and other similar items, as the entire ferry infrastructure 
design can be revised. For example, if the landing stage is only needed ashore, then 
why is it a part of the ferry design instead of a part of the harbor design? 
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 To secure that the items actually needed at sea can be brought on board, a modular 
design can be a solution.  

14.4.4     Principle Three, Build in Modules 

 The third principle is to build different modules for the ferries that they can choose 
to bring on board when they are needed. One incentive for this modular approach is 
to reduce the weight of the ferry, and another is that some modules can be shared 
among several ferries, thereby reducing the expenses   . 

 Asked if it is the engineers’ naval experiences that have led to the idea of building 
in modules, the answer is:

  This might be something that has waited in the back of the head [since my naval experi-
ences, eds.], since they could not bring it all they had three stations in the ships where we 
could put different containers with different functions such as missile launchers. 
(Sørensen  2013 ) 

   If a ferry is optimized in regard to its weight and a specifi c ferry route, it means 
that it might not carry enough energy capacity to, e.g., sail to a shipyard for renova-
tion. This can be solved by having a mobile pack that can be placed aboard the ferry 
once or twice a year if it is needed. This is a cheaper solution for having the needed 
capacity, as several ferries can share one of these packs, but also makes the light-
weight of the ferry even lower. 

 Another example is a heating system. During the winter season in Scandinavia, 
it is sometimes necessary to deice the deck as well as heat up, e.g., toilets and the 
bridge. An oil burner can be chosen as a module that is brought aboard when it is 
needed, but left ashore during the warmer season. 

 Some modules can be specifi c for the individual ferry and others can be shared. 
The modular approach can be a way of making the ferries more fl exible so that they 
can operate on different service routes if necessary. Still, this approach constitutes a 
disruption in the way ferries are constructed, as the tradition leans to the solution to 
have everything on board that you might need at some point.  

14.4.5     Why Radical Innovation Occurs Through 
Transformative Processes 

 As defi ned in the introduction and the theoretical framework, a radical change is 
something that makes drastic changes compared to the small daily steps that consti-
tute incremental changes. The radical changes in this innovation process lie espe-
cially within the energy effi ciency potential that relates to the lightweight ferries. A 
transformative process relates to a disruption of the dominating knowledge, tech-
nology, and actors in a given sector, and for this case study, this relates to the three 
principles presented above. But why is it necessary for these radical changes to 
occur through transformative processes? 
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 First of all, the existing shipyards that produce ferries do not have an incentive 
to change their technology; they have a well-known concept that the customers 
ask for. This means that there is no need to make radical changes in the technol-
ogy. The transformation then occurs because new actors enter the market bringing 
new ideas and concepts for what constitutes an appropriate technology. These 
actors bring their knowledge, organization, and techniques from other sectors and 
are able to combine them in a way that makes it possible to develop an idea for 
radical innovation. This equals the fi rst step in Hargadon’s innovation model 
(Hargadon  2002 ,  2003 ). 

 Secondly, the market is changing as the small island ferry operators (namely, the 
municipalities) have had an increasing focus on energy consumption and climate 
impacts (Elkjær  2011 ; Østergaard et al.  2010 ), and this opens a possibility to create 
a niche in the market, where the customers actually ask for energy-effi cient ferries 
(Mosgaard et al.  2014 ). 

 Finally the Eco Island project has introduced a new way of organizing the 
innovation process as several actors are brought together in a network with the 
purpose of making a transformative change in the ferry technology. The approach 
of a noncommercial project with open access to the data has facilitated the radi-
cal changes, as several actors have not only shown interest but also participated 
with knowledge and ideas for the ferries. This related to the second phase of 
Hargadon’s innovation model (Hargadon  2003 ), namely, to establish a network 
where new, transformative concepts can actually be developed into transforma-
tive innovations.   

14.5     Conclusion and Policy Recommendations 

 The existing technology of light ferries can be seen as a niche production that 
mainly addresses small island ferries that operate over short distances. If the tech-
nology is developed further in the future, this might change and the technology 
might enter the market for larger vessels as well. 

 The analysis shows how a transformative technology can be innovated as an 
alternative to traditional steel ferries. The eco-innovation is only possible through a 
disruptive innovation that challenges and changes the organizational, economic, and 
institutional basis for developing ferries. 

 The organization is challenged by getting new actors into the innovation process, 
actors that bring experiences from other sectors and are not limited by the technolo-
gies used at the existing shipyards. The economic basis is challenged both by the 
open-source, noncommercial approach taken in the project and by the fi nancing of 
the ferries where the investment costs are signifi cantly higher than for a traditional 
ferry but operation costs are lower. The institutional challenges are addressed by 
involving research institutions and authorities as active partners when addressing 
the implications this new technology has for the regulation and general perception 
of safety of ferries. 
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 One of the interesting perspectives for the innovation process is that the actors to 
a high degree work not only against but also with other actors in order to change the 
institutional settings for ferries. This means that in practice they need to collaborate, 
for example, with the authorities to gain the safety approval for the ferries. This col-
laboration among new actors and the established institutional setting is what facilitates 
the possibility for gaining a niche where the lightweight technology can enter the 
market. Three central actors have driven the project, and without their initiative and 
enthusiasm, the carbon-fi ber technology would not have the potential of becoming a 
transformative technology in the ferry sector. 

 It is still too soon to say whether this innovation will actually be disruptive for 
the ferry sector as this is an extreme case and there are still barriers to overcome 
before the technology is implemented, but without “outsiders” that apply new tech-
nologies, potential disruptions like this would not occur. 

 Due to the strict top-down regulation regarding safety in this sector, techno-
logical developments have stagnated and a technological backlog has formed that 
creates a huge environmental potential in the new technology. This is one of the 
main opportunities for the technology to be implemented, as it has both environ-
mental and economic potential. 

 The direct implications for policymakers are to infl uence the development of the 
EU ferry directive so as not to keep specifi c demands for steel-like construction of 
ferries but to open towards other materials that can comply with the same functional 
demands. 

 Other policy barriers are identifi ed in the tendering legislation as well as tender-
ing practice. 

 The fi rst policy recommendation to facilitate the introduction of light ferries is 
to apply a fi nancing approach where potential future energy savings, and thereby 
a reduced cost for operation of the ferries, are used to fi nance the investment in the 
new technology. This might be done by providing loans for more expensive ferries 
if they have lower energy consumption. In general this means that the life cycle 
cost is taken into consideration and not just the initial investment in the ferry 
itself. 

 Another policy recommendation relates to the European ferry directive which in 
its present form impedes the development of energy-effi cient light ferries. A suggested 
adjustment is to provide a possibility to apply alternative materials as it is the case 
for the SOLAS Convention (Hjortberg et al.  2012 ). 

 The International Maritime Organization (IMO) has initiated requirements for an 
Energy Effi ciency Index for new builds and for a Ship Energy Effi ciency 
Management Plan for all ships. These are important steps towards more energy- 
effi cient ships, but it is also important to address the crew that operates and main-
tains the ship. To support “energy management” through regulation can, e.g., change 
the practice of sailing with ballast water when it is not necessary. 

 The Eco Island Ferry project was founded as an open innovation project, and we 
recommend continuing the support of demonstration projects that facilitate collabo-
ration between relevant actors. This can be one way to involve existing knowledge 
among various actors and thereby facilitate future innovations, but it is important 
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that these projects are open innovation projects so that the knowledge becomes 
accessible to all interested parties. 

 This type of project has wider applications by providing examples for others on 
how private companies can drive an innovation process and facilitate a development 
towards a radical innovation of a sector.     
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    Abstract     Current attempts to resolve ecological problems by only social or 
technological means clearly have their insuffi ciencies; otherwise the ecological 
crisis would not be so obvious. Eco-sound innovations and nature conservation 
projects are not profi table, because there is no reliable methodology that allows 
bio- and eco- approaches to contribute to industry and the economy to the full extent. 
Technology and ecology are often mutually contradictive and mismatching 
domains: bio- and techno-worlds speak different languages. A methodology for 
eco- innovation called BioTRIZ is presented in this chapter. BioTRIZ is the only 
methodology which is fully capable of dealing with contradictions between biology 
and technology, because its main mechanism is based on revealing confl icting 
requirements and a win-win resolution. The authors’ 30-year experience in ecology, 
biomimetic design, and theory of invention led to the formulation of basic axioms 
and rules for eco-innovation that are presented in this chapter. As an example of the 
application of these axioms and rules, a case study on eco-innovation is presented: 
the design of an eco-park that takes into account technological requirements, generates 
profi t, and recovers damaged ecosystems.  
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15.1         Introduction: Why Does Knowledge of Living Nature 
Help in Eco-innovation? 

 Currently our economy globally faces social and environmental issues: public 
health problems; social unrest; migration; and water, energy, and fi nancial crises. 
Because of these wrenching changes faced by contemporary society – from ecological 
crises and climate change to health-threatening pollution of the environment – it 
has appeared that conventional engineering and organization management is not 
necessarily working as effectively and effi ciently as we would hope. These issues 
have started to attract the attention of governments, media, architects, designers, 
engineers, and the general public. 

 Human activity at all levels – from individual behavioral patterns to the whole 
economic system – does not take into account the “interests” of the environment 
that we live in. Our shortsighted linear models of “cause- immediate  effect” reactive 
behavior 1  do not fi t the extremely complex natural world, and they therefore exclude 
us from ecosystem cycles. We have huge problems with the utilization of waste, and 
yet there is no such thing as waste in nature. We declare an energy crisis, although 
energy exists everywhere in nature and “Life” does not use as much energy as we 
do – it is at least four times more effi cient than current technology (Vincent et al. 
 2006 ). We devote a lot of resources to producing new and diverse materials – and 
yet living nature has created numerous different materials with a wide range of 
properties (from extremely hard to soft and liquid) using only two basic polymers: 
proteins and polysaccharides. Humans use more than 350 different polymers, 
and yet “we” have still not been able to match the variety of materials that exists in 
living nature. And last but not least, living systems typically avoid problems, resolving 
them in advance before they even occur. 

 All the factors mentioned above make living systems the main source for ideas 
for self-sustainable cycles of materials, products, and services. If Life is “so per-
fect,” why can we not take ideas from living systems and implement them straight 
away into macro- and microeconomic reality? Using knowledge from biology, and 
especially ecology, is very tempting. But apart from great interest, there is nothing 
for business to rely on – no procedures that guarantee success, making such projects 
risky and expensive. At the moment, there is no solid methodology or procedure 
for making biological mechanisms applicable to implement within nonbiological 
reality such as engineering, business, and economy. Inspiration from biology at 
present is an irresponsible strategy, because there is no single proof that biological 
mechanisms being literally applied to the economy will not cause new economic 
disasters. Moreover, there are plenty of strategies in biological systems that are not 
acceptable for application in contemporary human society due to cultural, moral, 
economical, and other reasons. 

1   The ecological response to our activity is often suffi ciently delayed: this has its own advantages, 
but an accumulative and postponed reaction can be unexpected and catastrophic. 
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 Before we start borrowing natural strategies from ecosystems for sustainability 
or manipulating them for our benefi t, it would be worth answering some basic 
 questions to make an exact defi nition of what we actually need:

•    Does the strategy minimize waste?  
•   Does the strategy increase speed of economic growth?  
•   Does the strategy provide social stability?  
•   Does the strategy keep living standards high?  
•   Does the strategy reduce risk of crises?    

 People have already realized that if a manufacturing process is linked with 
consumption and recycling in a closed loop, it is desirable and favorable strategy, 
but if we look at natural ecosystems, we will see a great variety of cycles. So we can 
ask ourselves – what sort of cycles do we need:

•    Long or short cycles? Fast or slow?  
•   Reversible or irreversible?  
•   Single cycle or multiple interacting cycles?  
•   Interrupted or continuous “rotation”?  
•   Simple or complex?  
•   Cycles of what – material, energy, information, or anything else?    

 We need to clearly know the result we want to achieve as we already have cycles 
in economy, which we do not appreciate at all – the well-known cycles of crises! 
Thus we can say that there are some cycles that are undesirable. How do we 
recognize them? 

 Currently, we cannot guarantee that, without appropriate adaptation, the use of 
knowledge from biology will bring the required result because:

•    The economy is not strictly speaking a living system as it includes technology as 
well: laws that are applicable for ecosystems may not work there.  

•   The economy is a complex system that comprises social and technological 
components. The social component may be considered a direct analog to natural 
societies, but the technological component’s behavior and evolution is very much 
different to biology (there is only a 12 % similarity in approaching challenges 
in biology and engineering (Vincent et al.  2006 )   ), and even some trends for the 
directions of the evolution process in technology and biology are opposite 
(Bogatyrev and Bogatyreva  2009 ).  

•   Successful experience of eco-innovation in one industry may not be directly 
applicable to industries from completely different domains – products and con-
sumers are very different, and it is not obvious that a successful circularization 
model taken from one industry will work for a different industry as well.    

 There is certainly a demand for a reliable method that can interpret and transfer 
data from biology into technological procedures in a manner which would not cause 
harm to business and which would allow a transformation from the current linear 
model to an eco-friendly circular one. We are going to fi ll this gap with a solid 
methodology, called BioTRIZ (Bogatyrev and Bogatyreva  2012 ), which is capable 
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of working with the incompatible requirements that economy and ecology represent. 
Moreover, this methodology is universal; in other words, it is acceptable in all domains 
of human activity – from medicine and pharmacology to education, culture, engi-
neering, science, politics, and sociology. 

 So, in this chapter you will fi nd:

•    The answer to the questions of how, where, why, and in what circumstances do 
we need eco-innovation  

•   A brief introduction to BioTRIZ methodology  
•   Axioms and rules for eco-innovation  
•   A case study on eco-innovation to show how BioTRIZ rules and axioms work: 

the layout architecture for an eco-park that takes into account technological 
needs, generates profi t, and provides the revitalization of damaged ecosystems     

15.2     Ecology and the Economy: Defi ning the Goals 
and Issues of Eco-innovation 

 Economy and ecology have a common linguistic root – “eco,” which means “home.” 
Our home is our planet, so all of human society and its economy should be associated 
with the natural ecosystem. Economy and ecology are the most complex and sophis-
ticated spheres. Sciences that study them suffer from the lack of formal methods and 
procedures that are expected to lead us to predictable outcomes. If this were not 
true, we would never experience any economic crises, ecological disasters, or 
technological catastrophes. When extremely complex systems such as technology, 
ecology, and society come to interact and interconnect, some interacting components, 
which may be useful and harmless within their own domain, suddenly generate 
long-lasting disasters when they interact with other components. For example, 
transport development has changed our lives – people move across continents 
for holiday and business. Such mobility of people opens the opportunity for inter-
national cooperation in industry and cross-cultural enrichment, but it unlocks the 
way for local microorganisms, plants, insects, and viruses to spread globally. Our 
transport system thus works like a mixer in the world ecosystem, and we deal with 
its consequences every day. 

 A natural ecosystem is a complex system of interactions between living organisms, 
their groups, and populations plus the abiotic environment. These interactions – 
relying on closed and open cycles, feedback loops, redundancies, adaptability, and 
variability – defi ne the ecosystems’ performances and yield biomass production, 
energy effi ciency, and resilience. On the other hand, in industrial production and 
consumption systems, we tend to rely on standardization and specialization, linear 
processes, and maximization of the performance – which leads to greater vulnerability, 
less resilience (capacity to recover), and poor optimization of energy and material 
use and reuse (Bogatyreva and Bogatyrev  1998 ). 
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 To achieve a performance similar to natural ecosystems in economy is the way to 
sustainability. This means that there is need for a new interdisciplinary approach 
with solid methodology, which will provide for the economic prosperity of human-
kind, aiming beyond simple survival in the destabilized ecological conditions on our 
planet. This innovative approach should involve most of the scientifi c and social 
disciplines as well, as actors from private, public, and political sectors. We need 
to go beyond isolated and singular initiatives and experiment in different areas – 
industry, agriculture, art, architecture, etc. – and develop  systematic tools  for 
eco- innovation that integrate all the most effi cient methodologies and promote these 
methods in industry, education, and the whole culture. A multidisciplinary approach 
makes this grand task possible but also raises challenges. Developing a common 
ground methodology for such a large number of different domains is not a straight-
forward task (Bogatyrev  2000 ). Economy and ecology, although similar in terms of 
complexity and involvement of animate and inanimate components, possess starkly 
different properties for these components. 

15.2.1       Biology and Technology: Two Contradictive 
Design Strategies 

 Biomimetics is a relatively young branch of engineering, which take ideas for design 
from living nature. Those who wish to trace its roots may fi nd many historical attempts 
to copy living nature (Vincent et al.  2006 ). For example, Leonardo da Vinci observed 
animals and plants and foresaw the possibility of converting biological principles into 
technological ones. Later, more emphasis was placed on the need to increase the func-
tional capability of engineering devices. Today, biomimetic ideas are also driven by 
the concepts of sustainability and nature-friendly engineering and can be considered 
an eco-innovation approach. These ideas are getting popular but do not have much 
support from business due high project costs and lack of design methodology that can 
guarantee successful outcomes and reduce risk of investments. 

 To fi ll this gap, we decided to have a look at the major differences between animate 
nature and technology and consider how useful it is to follow the principles of living 
nature (Vincent et al.  2006 ; Bogatyrev and Bogatyreva  2009 ). To compare the strate-
gies that technology and biology follow in their development, we have analyzed more 
than 2,500 biological phenomena, covering over 266 functions at different levels of 
the biological hierarchy – from molecule and cell level to ecosystem level (Fig.  15.1 ). 
To enable us to present huge amount of information from biology in a way that it 
becomes useful to engineers, we have established a logical framework based on 
the “mantra”: “things do things somewhere.” This establishes six fi elds of operation 
in which all actions with any object can be executed: “things” (substance, structure), 
“do things” (requiring energy and information), and “somewhere” (space, time).

   The data presented in the upper diagram on Fig.  15.1  show that at size levels of 
up to 1 m, where most traditional technology (or maybe better to say – tools) is 
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sited, the most important variable is manipulation of energy usage (up to 60 % of the 
time), closely followed by use of material. Thus, faced with an engineering problem, 
our tendency is to achieve a solution by changing the amount or type of the material 
or changing (usually increasing) the energy requirement. In contrast, in biology the 
most important variables for the solution of problems at these scales are information 
and space (Fig.  15.1  lower diagram). This can be illustrated by comparing the func-
tionality of biological and man-made polymers, proteins, and polysaccharides. It 
appears that biological systems have developed relatively few synthetic processes at 
low size, at which the contribution of energy is signifi cant. For biological systems, 
the main variety of function is achieved by manipulations of shape or combinations 
of materials at larger sizes achieved by high levels of the hierarchy where energy is 

   Fig. 15.1    How technology ( upper diagram ) and biology ( lower diagram ) address the challenges: 
“heat, beat, treat, and waste” vs. “ambient conditions, soft materials, problem prevention, and 
recycling”       
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not an issue. This is a very subtle biomimetic lesson: instead of developing new 
materials each time, we want new functionality, and we should be adapting and 
combining the materials we already have. Although this is already done to some 
extent, it is unclear whether this is adequately recognized as a signifi cant route. We 
can also realize the potential of nanotechnology, which is to escape from the nano-
approach as soon as possible, and progress to the creation of larger structures, which 
can self-assemble in a programmed manner. This is one of the most important trends 
that contemporary eco-innovation should follow. 

 If we explore the graphs (Fig.  15.1 ) deeper, we may notice that there are major 
differences between technology and biology at the minimum and maximum com-
plexity scale. This means that these two extremes in complexity are largely contra-
dictive in the way they are functioning in technology and biology, and therefore they 
are the most sensitive to any misbalance caused by human activity. This means that 
eco-innovation touches the most sensitive point on the largest scale 2  of this graph, 
where differences in functioning can cause global problems and can potentially be 
a source of real disasters at all levels of our activity – from environmental pollution 
and people’s health problems to political confl icts and social unrest.  

15.2.2     The Ideal Eco-innovation Strategy: A Win-Win Balance 
of Biological and Technological Interests 

 Let us now focus on the similarities between ecology and economy. Many 
professionals hope to resolve the numerous problems of humankind by following 
the principles that can be found in biology. One of the most popular ideas that have 
emerged recently – a circular economy concept – is based on the phenomenon of 
cycles of matter and energy, a well-known ecological mechanism (MacArthur 
 2012 ). In fact, this approach was manifested in the past in different countries and 
cultures. But now, the scale of both capabilities and problems of contemporary 
technology has increased enormously. The complexity and unpredictability of existing 
and emerging engineering systems has grown dramatically. Meanwhile extremely 
complex systems do exist in living nature – natural ecosystems. Their adaptability, 
sustainability, self-perpetuating properties, and the long life span of some of them 
can serve as a model for arranging human mechanisms (social, economic, political, 
and cultural) in a win-win fashion and allowing us to get rid of undesirable, dangerous, 
and harmful practices. 

 Contemporary technology does not have many of the necessary features that we 
fi nd in living systems (Tables  15.1  and  15.2 ), but then again living nature is not 
totally useful for us – complexity, high unpredictability, and vulnerability are not 
features we would like to transfer to our economy and society. Now we can clearly 
see the challenge for eco-innovation: to merge the advantages from both domains 

2   One of the popular trends in contemporary engineering is nanotechnology, which touches another 
sensitive point on the lowest scale of the graph (Fig.  15.1 ). 
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and get rid of the disadvantages. For Tables  15.1  and  15.2 , we would like to capture 
the leftmost features while casting off the rightmost ones.

    In eco-innovation products, we would like to jointly capture all the advantages of 
technology and living systems, even if they are apparently contradictive. Some possible 
contradictive requirements to an eco-innovation product (machine, process) are:

•    Limited functionality, but reliable and self-repairing  
•   Adapted and adaptable  
•   Fast changes and development, but precisely adapted to functioning conditions  
•   Functionality beyond the limits of living systems, but should be recyclable – 

operating within the limits of an ecosystem  
•   Complex and easy manageable  
•   Recyclable (mortal) and everlasting    

 We suggest that our future ideal eco-innovation product or process should 
possess all the advantages of animate nature together with our current traditional 
technological achievements (Bogatyrev  2006 ). To merge the contradicting require-
ments, we use the BioTRIZ methodology described in the next section.   

15.3     Methodology: Brief Description 
of Tools and Capabilities 

 Hundreds and thousands of years of technological development were driven by 
trial-and-error methodology, insight, serendipity, and random discoveries. Even-
tually this approach proved that it couldn’t provide predictable, reliable, and safe 

    Table 15.1    Living systems: desirable and harmful features for engineering   

 Features of living systems which 
are  useful  for engineering 

 Features of living systems which are  not useful  
for engineering 

 Reliable  Complex 
 Adaptable  Slowly evolving 
 Self-repairing  High uncertainty in behavior 
 Self-regulating  Adapted to narrow-specifi c conditions 
 Self-reproducing  Mortal 
 Recyclable 

    Table 15.2    Technology: advantages and shortcomings   

 Technology: useful features  Technology: undesirable features 

 Limited functionality  Limited functionality 
 Fast changes and development  Complexity 
 Deterministic and automatic  Slow or limited adaptation 
 Functionality beyond the limits 

of living creatures 
 Require maintenance 
 Short range of effi ciency (“here, now, and at any price”) 
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results – especially when technological systems become so complex that they start 
demonstrating dangerous and unexpected emergent effects. Only radically novel 
systematic methodology can provide the pathways for an inventive process with a 
guaranteed result. Such systematic methodology started to emerge in the twentieth 
century, and one of the most effective appeared to be TRIZ (known by the Russian 
acronym for Theory of Inventive Problem Solving) (Altshuller  1973 ). The 
following features make TRIZ a powerful analytical technique suitable as the basis 
for eco-innovation:

•     Novelty : TRIZ derives its strength from a set of inventive principles that have 
been defi ned through the analysis of more than 30,000 successful patents 
(Altshuller  1973 ; Online TRIZ Journal  2013 ). Its solutions are never average but 
radically innovative, by aiming higher than other creative approaches because it 
searches and deals with contradicting requirements on a win-win basis.  

•    Reliability : TRIZ leads us toward a solution systematically; therefore the result 
is guaranteed.  

•    Capability : TRIZ has been successfully applied to solve not only complex 
problems but also problems perceived as otherwise “unsolvable,” where confl icting 
requirements are extreme (e.g., an object should be both long and short, be 
present and absent at the same time, etc.).  

•    Breadth : Its problem-solving capabilities are superior, since its embedded innova-
tive principles mirror a range of approaches to creative thinking. Moreover, its 
underlying process takes the user all the way from problem analysis to solution.  

•    Depth : As a creative methodology, TRIZ helps “imagine the unimaginable” by 
going beyond perceived limitations and widening the horizon by probing deeper 
into a topic. Thus, TRIZ helps prepare for as yet unexpected successful solutions 
and also helps identify and mitigate unconventional threats.  

•    Flexibility : TRIZ has been shown to be adaptable to many different domains 
beyond its original remit in mechanical engineering. Its basic truths are transfer-
able and applicable to any problem-solving domain. The content of the online 
TRIZ Journal clearly supports this statement.    

 The vast sphere of innovation that deals with the consequences of negative effects 
from technology on the environment uses pre-systematic (or “pre-TRIZ” if you 
like) methodology – trial-and-error, inspiration, and random search for the solution. 
These cure symptoms – not causes. The direct application of TRIZ to bio-systems, 
according to issues described above in this chapter, is not always relevant (Bogatyrev 
and Bogatyreva  2009 ), in spite of the seemingly “obvious” similarity of the domains 
involved. We have resolved the contradictive requirements from biology and tech-
nology (economy) described in Sect.  15.2.1  and created a method to operate 
with systems that comprise living and nonliving interfaces and natural and artifi cial 
parts (e.g., agriculture, forestry, medicine, etc.). We develop and use the BioTRIZ 
method in various projects with industry and teach this method at our workshops. 
For example, one construction company in the UK successfully applied the BioTRIZ 
method to solve a problem in building construction. There was a need for free cooling 
without losing the insulation properties of houses in extremely continental climates 
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where days are hot, but nights are cold. The BioTRIZ method led to the development 
of two new environmental building technologies: an infrared transparent insulation 
and a concrete formwork, made from biodegradable starch foam to achieve a much 
better end-of-life profi le compared to other materials (Craig et al.  2008 ). 

15.3.1     BioTRIZ Axioms for Eco-innovation: 
A Win-Win Resolution of Confl icts Between 
the Economy and Ecology 

 Just after biomimetic approach declared its new attitude to engineering 3 , at the beginning 
of the seventies, a holistic and constructive approach to ecosystem engineering was 
undertaken with the appearance of  permaculture  ( perm anent + agri culture ). It was the 
fi rst method for conscious design of artifi cial ecosystems that possess the productivity 
and benefi t of conventional agricultural systems combined with sustainability and 
self-serving features of natural ecosystems (Mollison  1988 ). Achievements of perma-
culture are impressive, and it appeared that this approach can be applied not only in 
agriculture (the initial realm of application) but also in forestry, fi shery, architecture 
and construction, energy supply, transport, and even to economy, education, and 
culture. Both permaculture (eco-engineering) and biomimetic (biological engineering) 
represent two different methodological platforms for eco-innovation. As any meth-
odology    starts with axioms and theorems, we can consider BioTRIZ axioms for 
eco-innovation, framing them into two methodological platforms mentioned above. 

 The means of introducing biology into engineering is indicated in the left column of 
Table  15.3 , showing the different approaches to innovation in biomimetic engineering.

   The introduction of technological features into biological systems (forestry, 
parks, agriculture, etc.) requires a different approach than biomimetic engineering 
and is shown in the right column in Table  15.3 . The BioTRIZ axioms make the two 
directions of the knowledge-transfer process mutually compatible and less contra-
dictive. Biomimetics and eco-engineering can be considered as two parts of the 
eco-innovation strategy as they both target to get maximum benefi t for economy 
knowledge about living nature (Table  15.3 ).  

15.3.2     BioTRIZ Rules for Eco-innovation from Ecology 

 To develop BioTRIZ rules for eco-innovation, we used the very basic concept from 
ecology: r- and K-development strategies of survival of organisms/species or eco-
logical systems (Pianka  1983 ). These strategies relate to cycles, energy, and matter 
resource management and even indicate system readiness for change (Bogatyreva 
and Bogatyrev  1998 ). 

3   Biomimetic engineering is discussed in Sect.  15.2.1  of this chapter. 
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 The r-strategy is characterized by fast-reproducing, short-lived, and “cheap” 
(in terms of resources spent on raising an offspring) individuals. The r-strategy is 
also characterized by fast adaptation and is therefore more common in unstable 
environments with abundant resources. This strategy is common for the initial 
stages of ecological succession – the beginning of the cycle of an ecosystem life. 
The K-strategy is characterized by successfully competing for scarce resources, a 
constant size of population/system, and being constantly close to the carrying 
capacity of the environment. Slower reproduction and long life expectancy are also 
traits of the K-strategy. Both the K- and r-strategy strike a balance between opposite 
trends in productivity and production: the beginning of the cycle ecosystem consists 
of highly productive species with a cheap brood but with low biomass production 
(e.g., annual plants, grass meadow, microscopic algae). Closer to the climax of an 
ecosystem cycle, it consists of K-strategy species with high biomass production, 
but lower productivity (trees, large predators – such as bears, tigers, whales, etc.). 
Knowledge of these phenomena can be used in designing new systems or revitalizing 
existing ones and should be the main guide for eco-innovation. 

 Following the maximum    profi t ideology of our economy, we need both types of 
strategies: maximum production and maximum productivity, durability and easy 
recycling, and cheap production and high demand – which is produced with minimum 
resources, but is a valuable resource itself. All these contradicting requirements are 
resolved by the following BioTRIZ rules for eco-innovation:

•    Everything is a resource, if and only if it is there at the right time, in the right 
place, in the right dose, in the right mode, and for the right consumer. If any of 
these compulsory conditions are not fulfi lled, a valuable resource turns into pollution, 
waste, direct damage, or potential harm. So the rule for waste management is 

     Table 15.3    BioTRIZ axioms for eco-innovation   

 Biology – to engineering: biomimetics  Engineering – to biology: eco-engineering 

 Axiom of simplifi cation: reduce the functionality 
of a biological prototype for an engineering 
design 

 Axiom of maximization of useful function: 
add as many benefi cial functions as 
possible to the ecosystem 

 Axiom of interpretation: instead of copying, 
interpret the essence of a biological 
mechanism/structure/function or strategy into 
engineering language 

 Axiom of interpretation: engineering 
functions and strategies that we would like 
to see in the ecosystem need to be 
interpreted into biological language 

 Axiom of ideal result: if you still want to copy, 
do not copy the means of providing a 
function, but copy the result of the function 

 Axiom of ideal result: maximum benefi t/profi t 
for humans should be achieved only with 
super-optimal functioning of the 
ecosystem 

 Axiom of contradictions: translation of “What?” 
(engineering target) into “How?” (answers 
from biology) should be done via aggravated 
statement of confl icting requirements 

 Axiom of contradictions: eco- requirements 
and human requirements are usually 
contradictive. Any engineering 
manipulation may cause damage if 
interests of the ecosystem are not taken 
into account 
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to fi nd the right time, place, dose, mode, or user so that any waste becomes a 
valuable resource.  

•   Manufacture a product in minimum number of steps, but use it in maximum 
number of steps.  

•   Any product should be either inert/everlasting (K-strategy) or easily degradable 
(r-strategy). Analyze the properties of a product, classify them into K- and 
r- categories, and modify the product or process properties to follow the rule above.  

•   Products of degradation should not be harmful for the ecosystem (see resource 
defi nition in rule 1) and should be included as natural ingredients in natural cycles.  

•   To avoid a misbalance in the ecosystem, use only local resources that are already 
present or available within the given ecosystem.    

 What we should avoid:

•    Overexploitation of a resource, system, or process.  
•   Under-exploitation of the resource, system, or process.  
•   Blind mechanistic imitation of successful models in living nature.  
•   Maintaining the same state of a system in a changeable environment.  
•   A new system should not aggravate the existing ecological status quo.      

15.4     The Eco-innovation Project BOMBORETUM as an 
Illustrative Example of BioTRIZ Axioms in Action 

 Following BioTRIZ axioms we have developed BOMBORETUM, which is the 
layout architecture for an eco-park that takes into account technological needs, 
generates profi t, and provides the revitalization of damaged ecosystems. The origin 
of the name BOMBORETUM is in two words: “Bombus” is the Latin name for a 
bumblebee and “arboretum” is a nursery for trees, bushes, and shrubs. This case 
study is an example of eco-innovation in the context of introducing technological, 
engineering features to living nature. 

 Eco-parks can play an important role in aiding the sustainability of ecosystems that 
bear the load of an urban environment. Any terrestrial ecosystem is based on plants, 
which provide the primary organic resource for the whole ecosystem as the result of 
photosynthesis. 4  To make maximum yield possible and provide for the well-being of 
fl owering plants, it is necessary to guarantee the pollination process. One of the most 
essential elements of terrestrial ecosystems is a wild pollinator. These benefi cial 
insects can be called “fl owers’ legs” or “love messengers” that allow plants – which 
are far away from each other and cannot move to “mate” with each other – to transfer 
pollen from one fl ower to another. Thanks to pollination, we get seeds and fruits. 

4   By the way, at this stage CO 2  is excluded from the atmosphere, and it is essential in the contemporary 
global climate situation. 
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 When agricultural fi elds are surrounded by a healthy natural ecosystem that 
consists of all the compulsory elements (including its “reproductive system” – wild 
pollinators), we take for granted that these crop fi elds bloom and give yields. Wild 
pollinators do their invisible job and also help agriculture by pollinating fruit trees, 
bushes, vegetables, and herbs. When the population of pollinators decreases, crop 
yields inevitably drop. This happens due to the uncontrollable pressure of human 
activities (chemical application in agriculture, constant tillage, grass mowing and/or 
kettle grazing, various types of pollution, etc.). In most cases, “reversing” the scenario 
is diffi cult: natural ecosystems are never restored from agricultural landscapes to the 
initial wild form. But it is possible to compensate for the distorted systems with 
relatively simple measures by maintaining and facilitating the crucially important 
parts of ecosystems – its “reproductive organs,” or wild pollinators (Bogatyrev  2001 ). 

 The simplest way to protect an environment is to not touch it at all. However, this 
is not a good strategy for damaged ecosystems that have already appeared below the 
threshold of possibility of being able to recover without our help. Moreover, there 
are no methods of keeping natural ecosystems above this threshold. BOMBORETUM 
is the fi rst working model for the active recovery of a damaged ecosystem with 
added value for the economy (Bogatyrev  1992 ). 

 The best pollinators in the world are insects. Bees are among the most adapted 
for this function (there are 20,000 different species of bees!). Common honeybee 
apiaries are valuable, but are not able to provide pollination for all plants due to 
natural limits of these insects (short proboscis, nectar and pollen preferences, 
climate and weather restrictions – bees do not like rain and extreme temperatures – 
etc.). That is why we need specially reared wild pollinators for getting seeds and 
fruit from crops (e.g., the solitary bee  Megachile rotundata  for alfalfa crops and 
bumblebees for vegetables and berries in greenhouses – cucumbers, peppers, tomatoes, 
eggplants, raspberries, strawberries, etc.). Industrial companies that grow pollinators 
yield multimillion profi ts in the Netherlands, Belgium, Canada, Israel, Japan, etc. 
The less expensive strategy of obtaining pollinators is to provide them with artifi cial 
domiciles in the required numbers and nectar and pollen plants as food sources. 
This approach was successfully practiced in Canada, Australia, New Zealand, 
Russia, Poland, France, etc. 

 To rear wild pollinators in an artifi cial environment and to then introduce them 
into the wild is not a good idea – it is too expensive and does not guarantee successful 
naturalization. To resolve these issues, we decided to create a sustainable and self-
reproducing, self-perpetuating eco-mechanism that will work by itself and give the 
maximum effect (Bogatyrev  2004 ). Different parts of this park were implemented, 
tested, and proved in the Central Siberian Botanical Garden of the Russian Academy 
of Sciences (Novosibirsk, Russia). 

 Let us follow the BioTRIZ axioms for eco-innovation to design this eco-park. 
  Axiom of Maximization of Useful Function  This means we need to add as many 

benefi cial functions as possible to the ecosystem, providing a super-optimal environ-
ment not only for pollinators and plants but also for people – the users of the park, 
who get an immediate profi t (from the fruit and seeds of the crops) plus a nice and 
educational recreation area. We are going to design a meadow with an additional 
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unnatural functionality – everlasting blooming, unlimited access for pollinators to food 
and nesting zones, and high yield of benefi cial crops (berries, fruit, herbs, seeds, etc., 
with effi cient technology of harvesting and service). In addition, BOMBORETUM 
is a recreation area and should possess functionalities to support this aim. 

  Axiom of Interpretation  Engineering functions that we would like to see in the 
ecosystem need to be interpreted into biological language. Interpreted functions are 
presented in the Table  15.4 .

    Axiom of Ideal Result  Maximum profi t for humans should be achieved only with 
super-optimal functioning of the ecosystem part of an eco-machine. Let’s defi ne 
what is an ideal eco-engineering system:

•    Sustainable: providing the conditions for a self-regenerating ecosystem – plants 
and their pollinators  

•   Cost-effi cient maintenance: allowing a “mass-production” strategy with the use 
of existing machinery  

•   Simple and regular layout that allows safe crowd management and health and 
safety, as well as convenient operating with the existing agricultural machinery  

•   Attractive place for human recreation and for nesting and foraging of wild 
pollinators    

 Desirable features can be achieved if we replace the natural reserve of these 
benefi cial insects with laboratory rearing, but it is still very expensive: even under 
industrial breeding, one bumblebee colony’s price is $70–150 (USD). This solution 
does not match the ideal result axiom formulated for humans/engineers. So 
this means that bumblebees should stay “self-serving,” i.e., sustainable mode of 
existence. This can be achieved by the following measures:

•    Decreasing the contrast of the environmental conditions inside and outside of 
the reserve. This is a typical compromise and is not perfect. It is not a win-win 
solution at all.  

   Table 15.4    Biological interpretation of engineering functions   

 Requirements from machinery 
and management  Engineering function interpreted into ecosystem design 

 Machinery is designed to process 
large uniform areas 

 Minimal outer borderlines to minimize the outer impacts on 
the inner environment 

 Less plant diversity is preferable; 
all the agricultural machinery 
is adapted to monocultures 

 Continuously blooming plants during the summer to provide 
colonies with pollen and nectar 

 Single harvesting process, after 
which there are no blooming 
plants on the fi eld 

 Plants with different fl ower depths simultaneously blooming 
to prevent competition among different bumblebees’ 
species, because different species of bumblebees have 
different length of proboscis 

 Park should be a busy place 
to make a profi t 

 Diverse environment due to segmentation of the foraging 
area as bumblebees keep to their own territories 

 Parks are never quiet due to 
visitors and noisy play areas 

 Nesting zones should be separated from foraging zones 
by 20–25 m, because bumblebees do not forage near 
their nests 
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•   Creating a network of small nature reserves instead of one.  
•   Creating a “nomadic reserve” – alternating reserves of small territories for 

1–2 years each.    

 All these options do not suggest a radical win-win decision, as they do not match 
both the technical and natural ideal result’s requirements. We therefore need to 
apply the next axiom – the resolution of contradictive requirements – to strike a 
win-win balance. 

  Axiom of Contradictions  Ecosystems’ and human requirements are usually 
contradictive. Any engineering manipulation may cause damage if the interests 
of the ecosystem are not taken into account. For example, to protect the natural 
populations of bumblebees, small nature reserves (from 1 to 5 ha) were established 
throughout the agricultural landscapes. However, unexpectedly, the number of 
bumblebees decreased rather than increased. This happened because the accumula-
tion of parasites, natural enemies, and diseases was activated at full strength, and 
there was a high rate of mortality due to competition and other population growth 
regulative mechanisms. Thus, the micro-reserve worked as a huge “meat grinder” 
which was draining the surrounding territories of bumblebees and destroying them 
constantly (Bogatyrev  2001 ). In other words, the small-sized nature reserves brought 
harm and damage instead of the expected benefi t. Following the axiom of ideal 
result, we can create a crucial requirement: the natural reserve must exist and at the 
same time must not exist, plus some more contradictions presented in Table  15.5 . 
This is a contradiction that the BioTRIZ method is looking for! Now it should 
be resolved by win-win strategies – 40 inventive principles (Altshuller  1973 ). Let’s 
fi rst consider the different possibilities.

   Now we can start to design “the ideal reserve” layout. To minimize the borderline 
of the reserve, it should be circular. To minimize the borderline of the nesting zone, 
it should be circular. To provide the necessary distance from foraging spots, a nesting 
zone should be in the center of the circle. Thus, the foraging zone with blooming 
plants should be the wide ring (Fig.  15.2 ). The foraging zone can be fragmented in 
the two ways (Fig.  15.2A ,  B ) to provide more plant diversity: bumblebees, bees, and 
other wild pollinators prefer fl owers with different length of nectar tubes

   Table 15.5    Ideality in ecological and engineering contexts   

 Ecosystem requirements (from the position 
of bumblebees and plants) 

 Requirements from machinery 
and management 

 Individual foraging patches should not be larger 
than 100 m 2  

 Machinery is designed to process large 
uniform areas 

 To be suitable for different species of pollinators, 
the variety of plants should provide different 
lengths of nectar tubes 

 Less plant diversity is preferable; all the 
agricultural machinery is adapted to 
monocultures 

 Bees require blooming plants during all seasons  Single harvesting process, after which there 
are no blooming plants on the fi eld 

 Nesting zones for wild pollinators should be 
isolated 

 The park should be a busy place in order to 
make a profi t 

 Bees should not be disturbed  Parks are never quiet due to visitors and 
noisy play areas 
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   But bumblebees like small foraging patches! Radial patches or numerous rings 
are the possible answers to these requirements (Fig.  15.2C ,  D ). A radial highly 
segmented layout is not good, because bumblebees avoid foraging along lines – 
according to our observations, spots for individual or group feeding zones have 
equilateral shape. A concentric highly segmented layout is even worse, because 

  Fig. 15.2    Step-by-step process of the design of a park/recreation area that restores surrounding 
damaged ecosystems.  Black zones  – areas with blooming plants,  central circle  – nesting zone is 
isolated from public. Wide ring foraging zone:  A  – concentric,  B  – radial. Large fi elds are subdivided 
into  C  (more radial beams) or  D  (concentric rings),  E  (single-spiral layout as a result of merging 
radial and concentric fragmentation),  F  (plain four-spiral layout),  G  (two-spiral layout with the 
interruption of spirals along “parallel and meridian”)       
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bees will concentrate within the nearest rings and will not use the whole territory 
evenly, which is detrimental to pollination and crop productivity. 

 The solution to these contradictions can be achieved if we superpose radial and 
concentric designs, divide the foraging zone into spots suitable for individual 
use for bumblebees, and make standard the optimal spot size for bees all over the 
blooming foraging area to reduce competition for nectar. 

 Following these ideas, a fragmented spiral appears “automatically.” If a park area 
and therefore foraging zone for bees is large enough, the spots of the fragmented 
spiral can exceed the optimal size, which is similar for different species of bumble-
bees (Bogatyrev  2001 ). In a single-spiral layout, the rear blooming spot happens 
to be too large and bees may ignore it (Fig.  15.2E ). To avoid this, it is possible to 
increase the number of spirals (Fig.  15.2F ). The larger the park is, the more spirals 
with different blooming plants we can introduce as well as the variants of their 
fragmentation – along the meridians and/or parallels (Fig.  15.2G ). The regular 
network of radial and concentric lines represents paved paths/roads, which is conve-
nient for agricultural machinery to move along, as well as for visitors of the park. 

 Thus, BOMBORETUM has become technological system – “invisible rearing 
machine for natural ecosystem” – while remaining a park and recreation area. Is it 
simple to operate and control? Is it sustainable (self-repairing, adaptive, self- 
regulated)? Does it need minimum resources and does it produce minimum waste? 
The answer to all these questions is “yes” – this is an ideal eco-innovation product 
that comprises features and follows the “interests” of nature and technology. This 
makes BOMBORETUM manageable and Profi table.  

15.5     Conclusions 

 Technology is evolving very fast, giving people more and more power to change many 
aspects of living: lifestyle, health, culture, society, industry, economy and, fi nally, the 
ecosystem itself. We still are only a part of the whole biosphere, and taking everyday 
decisions, we should also consider its “interests” – this is the aim of eco-innovation 
initiatives. Eco-innovation manifests itself in two contexts: introducing biological 
principles into technology makes it more life-like and therefore eco- friendly and 
adding technological features to ecosystems opening the opportunity for using nature 
to our benefi t without causing it damage, misbalance, or ecological catastrophe. 

 A tremendous difference in the way that human economy and living nature 
function causes a lot of problems in our days and is the main obstacle for spreading 
ideas of eco-innovation, making them profi table and attractive for business. We 
need to honestly face the confl icts between nature and technology and not just 
proclaim them and at the same time postpone action, leaving aggravated problems 
for our children to resolve. This happens because there were no methodologies to deal 
with contradictive requirements that are capable of merging incompatible things. 
The BioTRIZ methodology of facing and resolving contradictions in management 
and engineering contributes to eco-innovation initiatives by replacing a passive 
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approach with elements of inspiration and irresponsible belief that nature is always 
perfect (perfect for whom?) by solid methodology. The BioTRIZ method described 
in this chapter not only is capable of facing and resolving contradictions to strike a 
win- win balance but also has tools for searching and revealing hidden confl icts and 
obstacles for eco-innovation. 

 The BioTRIZ rules and axioms for eco-innovation were presented, and the 
practical implementation of BioTRIZ axioms was explained in the case study of an 
eco- park. The design of the eco-park restores damaged natural ecosystems and 
produces extra value for agriculture, education, and recreation – essential parts of any 
economy. This is a valid example of a win-win strategy, when local positive effects 
proliferate to global constructive consequences. This is what we call sustainability – 
local action with global positive outcome – and this is exactly what the eco- innovation 
initiative aims for. 

 So, if this chapter makes you think fi rst, then act in the following way, our aim 
has been achieved: do not avoid or dodge confl icting requirements and sidestep 
seemingly unsolvable problems, face (and even search for!) contradictions and 
resolve them on a win-win basis.     
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