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Abstract
The business case for circular economy in water management perspective has gain
relevance in the recent times. By 2030, it is estimated that 160% of global total available
water will be required to satisfy demand of anthropogenic-related activities and increasing
waste-related water will be produced. Gaps on the conceptual framing of water reuse
within supply chain management are clearly emerging and the demand for decision
support systems helping at assessing effective water consumption in industrial setting is
pressing. Despite the numerous local initiatives towards wastewater resource usage,
barriers remain for its implementation in practice. Through a systematic review of
previous studies in this field, the barriers towards the uptake of wastewater use in
agriculture were classified according to the PESTEL (political, economic, social, techno-
logical, environmental and legal) framework. Alongside political and legal support, it is
identified that for an economically and environmentally sustainable scheme for
incentivising the deployment of feasible technologies, there is also a need to gain
acceptance for wastewater usage in society in order to enhance the deployment of existing
technological solutions. Addressing these factors in tandem can aid the development
towards a circular economy for wastewater.
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Introduction

Circular economy is one of the most important paradigms emerging in the research of
industrial activity, focusing on a system for industrial and commercial activity which is
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regenerative and restorative at the same time [1]. The circular approach is a challenge to the
linear economy based on the principles of take-make-use-destroy [2] and is supported by
various political aims, such as the European Union’s Action Plan for a Circular Economy [3,
4].

From an operations management perspective, the business case for circular economy has
grown in response to the rising costs of raw materials and the associated environmental
impacts of by-products and non-sustainable waste management [5]. The finite nature of natural
resources leads to the conceptualisations of resource efficiency and resource management,
where the circular economy becomes a logical conclusion of the reduce, reuse and recycle
perspective of sustainability [6]. The idea of circularity therefore can serve as a solution to the
need for long-term sustainability management of natural resources.

Sustainable water management is a key for the World development. Subsequently,
policymakers and the scientific community [7, 8] have been increasingly engaging with the
topic. Recently, the European Commission drafted the ‘A Resource Efficient Europe’ action
plan referred towards the integration of water resources to be included into measurements of
resource efficiency and called for a step towards the collection of statistics that record the
efficient use of abstracted water [4, 8, 9]. This is in response to projections of increased water
stress and shortage, and it is estimated that by the year 2030, more than 160% of the total
available water volume in the world will be required to satisfy global water requirements [10].
Globally, this would lead to 47% of the world’s population living in high areas of water stress
[7]. This calls for more inventive and currently unconventional methods for utilising water
more effectively.

Under climate change perspectives, businesses are expected to use and manage water more
efficiently, especially after water stress being identified as a ‘supply chain risk’ to national
economies [11]. The increasing number and severity of droughts at the global level will
present threats for businesses encompassing not only the water provisioning but also the
reputational and regulatory pressures for industries with consequential increased stakeholders
conflict. The extent of the risks arising from these pressures proportionally increases with the
degree of reliability on water by companies. It clearly appears therefore that companies with
high water use like food and beverage producers, textiles and mining companies [8] will be the
first sectors hit by this problem. Water reuse examples in industrial processes have been
demonstrated for agricultural and agro-industries [12], for the brewing industry [13] and textile
industry [14]. However, a widespread adoption of such practices is not yet there as it requires
collaboration and consent from policymakers and regulators, consumers, business leaders as
well as technological capacity to roll-out these solutions on a wider scale [8].

Water sustainability approaches attempt to reconcile the consumption of freshwater with
economic growth and societal development [15, 16] but do not account for a proper closing of
the loop in the operational water cycle which is required for identifying pathways to circularity.
Taking a sectoral specific perspective, agriculture is currently the largest user of water at the
global level, accounting for more than 70% of total withdrawal [7]. Agriculture is also the
largest consumer of wastewater or treated wastewater worldwide [17, 18] and offers an
important case study to investigate the opportunity of a water-intensive industry. Specifically,
use and provision of wastewater for irrigation purposes can alleviate the on-site demand
pressure on agro-industrial activities and ensure the continuity of the supply chain thus
maintaining food security. A circular economy approach within the consumption of wastewa-
ter for agriculture presents another opportunity to increase water sustainability in economic
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systems by identifying the transferrable lessons which can be applied in a wider business
perspective.

Nevertheless, a successful implementation of wastewater treatment in agriculture depends
on several factors drawing upon technological capabilities, modifying existing systems to
accommodate wastewater systems and gaining acceptance from political leaders and wider
society. In this study, we aim at synthesising and analysing the existent knowledge driving the
understandings and conceptions of water reuse in agricultural processes, with the intent of
developing a framework that could aid the upscaling of such practices for industrial contexts
for an improved short-term system resilience in time of Global Change. This requires
addressing not only societal and political barriers to change but to also identify feasibility
barriers relating to the environment, the economy and the financial viability of existing and
available technologies.

Focus of the study will be oriented to barriers and opportunities of water reuse and strategic
water management for the implementation of sustainable options of water reuse in agriculture/
agro-industrial sectors. Impacts and relationships among factors influencing water reuse will
be highlighted and divided according to the economic, environmental and social pillars of
sustainability, and taking a resource efficiency lenses and circular economy transitioning
processes. Despite there being no doubt on the essential role of water in sustaining life and
valuing economic activities, water management remains one of the biggest challenges for a
shift towards circularity. The water reuse concept would help to alleviate water stresses and
scarcities as water demands continue to outstrip traditional sources of freshwater supply. To
shed light on the potential path for water reuse implementation under circular economy
understandings, the analysis presented in this paper addresses the research questions:

& What are the challenges related to the implementation of water reuse in agriculture?
& Is there any difference in the conceptual understanding of water reuse (implementation)

between stakeholders?
& Can the identified opportunities and barriers be ‘scaled-up’ to various industrial sectors?

The study makes use of the systematic review methodology on peer-reviewed research on
Scopus andWeb of Science using keywords related to water reuse, wastewater and agriculture.
The paper is structured with an initial discussion of the theoretical underpinnings of waste-
water as part of a water circular economy framework and on up-to-date wastewater uses in
agricultural processes. The comprehensive overview on the outcomes shows how wastewater
is an integral part of a water circular economy framework and will highlight avenues for future
research on the definition of newer business models for in water management.

Research Design and Theoretical Framework

A circular economy approach within the use of wastewater presents the opportunity to increase
water sustainability in economic systems. The perspective of ecological modernisation sug-
gests that institutional, market and social reform can act as a catalyst towards a more
harmonious and mutually reinforcing relationship between economic development, environ-
mental protection and social development. Under this perspective, environmental efficiency of
the economy can be achieved by reducing the rate of environmental stress caused per unit of
output. Measuring progress under the ecological modernisation process is also associated with
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measures of resource productivity and eco-efficiency. These measures are not necessarily
concerned with consuming less, but with consuming resources in a more efficient way,
minimising waste and satisfying consumer demand. The limitation of this perspective is that
processes complexity can increase and not always such complexity is taken into account by the
stakeholders involved in the transitioning phase [19] towards a more sustainable system.
Korhonen [20] highlights how: ‘actors may need to learn how to appreciate that, at times,
suboptimal outcomes at the level of an individual system component can be important for
optimal long-term outcomes at the level of the larger system’. Spatial, temporal, cultural and
social issues are embedded in how resource efficiency and sustainability concepts are devel-
oped at a national level, and how these developments affect social and environmental effects
on the economy.

Wastewater in the Context of Circularity

Hobson and Lynch [21] compare circular economy to ecological modernisation describing
how circular economy is an attempt to reconcile economy and environment to produce
sustainable outcomes. Wastewater provides a steady, reliable and drought resistant source of
water and can therefore contribute towards increased resilience and stability of water supplies.
The importance of wastewater as a valuable resource rather than as a waste product required to
be disposed of will only increase in the future [22]. In promoting further, the insights of
wastewater as a resource, Hanjra et al. [23] highlight that not only will the demand for water
increase in the future but correspondingly so will the amount of wastewater generated. The
view of ecological modernisation is that the unlimited economic growth is possible and
ecological crises can be averted through incorporating nature into economic processes through
the use of technological changes and developing markets for practices which are less wasteful
[24]. Under this framework, the availability of water or the volumes of waste emitted would no
longer be a constrain on economic activity, and industry can continue to focus as before.
Viewing wastewater use as a concept of ecological modernity therefore is dependent on
processes that rely on innovative technologies and policies that enable the successful imple-
mentation of circular practices without radically altering the path of economic activity and
growth [25].

In terms of water, the theory of ecological modernisation highlights how circular economy
for water via an increased uptake of wastewater could help to achieve eco-efficiency goals (as
a greater number of inputs can be generated by the same or lower amounts of freshwater
inputs) and sustainability objectives. The production processes in many industries can be
transformed to reduce the impact on the natural environment and available water resources.
Promoting circular economy of water resources through the lens of an ecological modernisa-
tion framework should extend the productive lifespan of water resources whilst maintaining or
enhancing the productivity of resource use. At the same time, building future utilities by
shifting away from wastewater treatment plants to resource recovery facilities would help at
realising the untapped value of waste into source for nutrient recovery and fertilising supple-
ment for agriculture [26].

However, implementing ecological modernisation in practice through water reuse is not a
risk-free process.

Whilst technical solutions may be available for providing the types of filtration, treatment
and connectivity for wastewater use, barriers may arise in terms of cost, social acceptance,
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political will, environmental damage (for example, if the treatment process requires the use of
harmful chemicals) and a lack of a legal framework.

Therefore, proposing circular usage of water requires a framework that goes beyond a
reliance on technological solutions and instead considers a holistic perspective that encom-
passes politics and socio-environmental factors that are critical for successful implementation
and deployment of such technologies and address the economic viability of such interventions
[24, 27].

Economic, Financial, Political and Legal Feasibility

The study on the circular economy transitioning by Kirchherr et al. [28] highlights how
technological feasibility is pre-requisite. Nevertheless, existing cases and consultation with
business representatives highlighted how the economic and regulatory barriers to hamper
circular economy transitioning. Economic barriers can be distinguished between long-term
economic viability and short-term financial barriers. Access to finance is critical for the up-
front investment costs but is often unfeasible for many companies [29, 30]. Up-front invest-
ment costs can deter potential first-movers in circular economy transitions, especially when
continuing with existing practices utilising freshwater sources is significantly cheaper than
reusing wastewater [28, 31]. Beyond the financial viability of investing in wastewater use, a
successful transition towards circular use of water needs to consider the long-term economic
feasibility of deploying circular economy practices.

Political and regulatory feasibility is also related to the wider barriers and opportunities for
the uptake of circularity in wastewater use and should be based on addressing the barriers
which exist. For example, many firms, particularly smaller ones, are often incentivised to enact
sustainable and circular activities in response to legal requirements [29], whilst the lack of
supportive policy frameworks and legal mechanisms can impede on the widespread uptake of
wastewater use [30]. However, overregulation and poorly developed legal frameworks which
lack political support can hinder the uptake of wastewater use. Experiences in countries such as
Colombia have shown how the lack of formal frameworks and descriptions reduces the ability
to reach critical stakeholders if the bureaucratic requirements are too high [32]. However, well-
designed regulations can also be utilised to address environmental and social challenges which
may arise from promoting the increase in wastewater reuse.

Opportunities, Barriers and the PESTEL Framework

To develop a circular framework involving wastewater use in practice, a full range of barriers
and opportunities can be identified to maximise the opportunities for wastewater use. Here, we
draw on the transition towards wastewater reuse and a water circular economy as a process
innovation. In their review of innovation barriers, Hueske and Guenther [33] discuss classi-
fication of barriers which relate to technology, environment, organisational issues and indi-
vidual preferences which cut across a number of stakeholder grouping. Barrier analysis has
been applied successfully to the German biotechnology industry to identify internal
organisational barriers towards developing process innovations and the key stakeholders that
should be engaged with to overcome social and political barriers which may exist [34]. These
barriers can be organisation-specific or exist at a wider scale [35], such as at societal level.
Engaging in the process of discovering barriers and formulating strategies to overcome them
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can aid organisations in discovering new forms of best practices to overcome critical chal-
lenges and diffuse these practices into the operations of their supply chains and customers [36].

The study of Hueske and Guenther [34] highlights the importance of reducing complex
barriers into barrier groups against which practical solutions can be applied. This process of
grouping barriers according to interrelated and underlying factors can aid in the development
of practical configurations which can be utilised to determine strategies for increasing the
uptake of new technologies, such as those for increased wastewater reuse. One tool that can be
used to identify the main factors which can impact on the successful implementation of a
circular-oriented water strategy is a PESTEL analysis. A PESTEL analysis is an analytical tool
for strategic business planning that aids in understanding the external influences on a business
(or other organisational form). External impacts are classified into factors under broad
headings of Political, Economic, Social, Technological, Environmental and Legal consider-
ations and are applied to business strategic planning as well as policy planning settings.

PESTEL analyses can be applied to situations where new processes or strategies are to
be applied and require identifying and classifying the potential impacts and barriers on
such shifts and identify influential stakeholders that need to be engaged with to encour-
age shifts towards a circular wastewater system. In exploring research identifying
potential barriers towards dealing with wastewater that links to socio-political and legal
barriers which relate to uptake of wastewater reuse, for example, in Lebanon, research on
a community on water reuse acceptance found that most of the population had more trust
in their own judgement rather than any scientific evidence that was presented to them
[37], and re-shaping this population judgement can be critical for overcoming the ‘yuck’
factor perceived by consuming products with large quantities of wastewater [38].
Gaining the acceptance and trust of the population may become more effective in driving
wastewater reuse than through technical advancement alone [39], whilst an effective
political and legal regime with well thought-out, designed and implemented political
objectives and regulations can help to remove barriers to implementation and present
opportunities to adopters of change [40, 41]. Therefore, in designing frameworks for
circular water systems with increased wastewater use, there is a need to consider barriers
and opportunities relating to political, economic, social, technological, environmental
and legal contexts.

Methodology

To determine the business case for increased water reuse, it is important to understand
and identify the thematic context of existing research on wastewater use and identify
potential barriers that have already been highlighted by scholars in the field. This
snapshot is developed through the adoption of a systematic literature review [42, 43].
A systematic review aims to produce reliable, replicable and transparent process and
synthesis of information. The procedure followed in this paper is to take the case of
wastewater use in agriculture and perform a systematic literature review on this topic.
Following the collection of papers, a content analysis was performed using the
PESTEL framework, with findings then synthesised and empirical searches for barriers
applied. The justification for the cases and research and analysis procedures are
documented in the remainder of this section.
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The Context: Wastewater in Agriculture

According to the United Nations analytical brief on wastewater management, there is no
universally agreed definition on the term of wastewater [44]. However, widely used definitions
from research and publications from Van de Hoek [45] and the United Nations Educational,
Scientific and Cultural Organization (UNESCO) [7] conceptualise wastewater as a combina-
tion of domestic effluent (consisting of wastewater from kitchen and bathroom waste), water
from commercial and industrial establishments (including effluent, stormwater and urban-run
off) and agricultural effluent. The different wastewater releases occur in different quantities
and with different qualities globally [7]. In this paper, we consider agricultural applications of
wastewater and as such, domestic and commercial sources were excluded. However, the
findings and processes developed in this paper can be applied to industrial and domestic
wastewater settings as part of a future research plan.

Systematic Review of Existing Research

A systematic literature review was performed using the databases of Scopus and Web of
Science, representing the two most popularly cited databases in academic research [46].
The literature search began with exploratory searches of search strings beginning with
(1) water AND (re-use OR recycle OR repurpose); (2) water AND re-use; (3) wastewater
AND re-use; (4) ‘wastewater treatment’ AND re-use; (5) water AND recycle; (6)
‘wastewater treatment’ AND recycle; (7) water AND repurpose. These searches provided
hundreds of hits across multiple disciplines and refining the search terms led to the string
of agriculture AND wastewater AND sustainab* AND (re-use OR reuse OR re use)
being used for the database searches. The inclusion of sustainability was to ensure a
wider focus of articles was represented and to filter papers which exclusively discussed
technological advancement. After filtering for peer-reviewed journals and English lan-
guage publications within the database filtering functions, 349 hits in Scopus and a
further 111 hits in Web of Science were extracted from analysis. Following this process,
a practical screening was applied:

& Duplicate articles were removed.
& Articles were published after 2014 to capture relevance for the emerging field of circular

economy in resource usage to align with policy moves in the European Union.
& Abstracts and conclusions were screened for topics relating to practical implementation of

wastewater reuse practices or wastewater technologies.

Content Analysis and the Classification of Publications

Content analysis was then used to classify discussions within passages of text against pre-
determined and pre-selected codes (inductive codes), which were supplemented by themes
arising during the coding process (deductive codes) [47, 48]. Inductive codes were thematic
and referred to the themes of debates within articles based on commonalities and differences
between publications based on the PESTEL analysis. On this development, documents were
coded according to the following criteria:
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& Political—referring to the political situation with regard to government, political stability
and relations with other governments. Factors which affect the implementations of new
technologies may include trade barriers, taxation and campaigns. Examples of sub-themes
include governance and political cost.

& Economic—referring to how organisations reflect on the wider macroeconomic environ-
ment that they operate within. Factors such as national income, investment incentives,
level of foreign investment, energy and water costs are critical for the uptake of wastewater
reuse technologies. Example sub-themes include value chain, resource efficiency, price
competition, value added, waste efficiency and circular economy.

& Societal—referring to trends in society and the impacts that wastewater reuse would have
on wider society. This can be the result of societal values on conserving water and
reducing wastewater, or considerations of how new technologies may impact on existing
communities. Example sub-themes include impacts on community, community acceptance
and public health.

& Technological—referring to adaptation and rates of change in technological contexts. For
the water reuse process, new technologies can refer to developments of new processes,
new wastewater treatment plants and new techniques to treat wastewater and distribute it
for consumption. Example sub-themes include technological evaluations, comparing tech-
nologies and monitoring processes.

& Environmental—reducing environmental impacts often refers to pollution episodes and
can be extended to wider ecosystem impacts. Example sub-themes include soil salinity and
pollution avoidance.

& Legal—the legal factor concerns factors such as implementation of new laws, international
treaties and enforcement of regulation. Example sub-themes include directives and
legislation.

This critical step allows for the exploration on the state of the art and current progress of
academic research in water reuse implementation in a wider circular water management
development strategy. The second phase of analysis was a deductive phase, incorporating
empirical codes relating specifically to identified barriers from in-depth screening of each
article. These barriers were then analysed and contrasted in the context of water reuse and
circularity in water resources.

Results and Discussion

The 50 sources articles were identified for further analysis according to process documented in
Fig. 1. The remainder of the section documents the geographical distribution of articles and the
categorisation of the main findings according to the PESTEL analysis. Finally, we document a
way forward for a future research agenda to promote increased wastewater reuse as part of a
circular economy framework.

Geographical Scope of Studies

The geography of studies including barriers to implementation in water reuse shows a wide
distribution across countries which do not necessarily correspond to countries that might
traditionally be associated to drought risk. The focus of barriers differs from region to region,
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according to their prevalent interest and socio-economic characteristics of the region. It is
noteworthy that general discussion on wastewater expands on countries of North America and
Northern Europe, mainly due to the increased opportunities on research on the topic, from a
financial and technical perspective. However, most of the barriers to implementation found a
discourse in the context of arid or semi-arid areas and with a focus on Middle East, North
Africa (MENA) and South Europe. The shift on climatic conditions towards arid areas is
associated with pressures on water resources and therefore likely explains the focus on
research exploring solution-oriented approaches that would enable the water reuse practices
(Fig. 2).

Categorisation of Barriers to Water Reuse Implementation (PESTEL Analysis)

Articles were initially categorised according to their PESTEL theme. Fig. 3 highlights that the
most common thematic focus cited in academic literature appears to be on technical feasibility
of the practice. Social, political and economic aspects were also covered by the studies for at
least a 10%, whilst legal and environmental studies had lower representation compared to the
other categories.

The results highlight that whilst there are studies which discuss the technical feasibility of
implementing water reuse technologies, there is a relative lack of understandings on the socio-
political infrastructure required to ensure that technical solutions could be applied in practice.

Records identified through  Scopus database 

searching 

(n = 351  )

Records identified through Web of 

Science database searching

(n = 111)

Records after duplicates removed (English language peer reviewed 

articles only) (n = 345)

Records screened by Year 

(n = 345)

Records excluded

(n = 88)

Abstracts and conclusions 

assessed for eligibility

(n = 257 )

Articles Excluded 

(n = 207)

Studies included in Content Analysis

(n = 50  )

Fig. 1 Diagram of the literature review and article selection process
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This gap highlights evidence for potential barriers to the successful implementation of water
reuse and the possibilities for extending these techniques towards a circular economy.

Fifty-six barriers to the uptake and implementation of water reuse in agriculture were
categorised. Fig. 4 shows the distribution of barriers into categories based on the number of
studies which identified them. Although the categorisation of the barriers was driven by the
PESTEL analysis, additional technical barriers were identified in the lack of professional
expertise for operation and maintenance of either the plants or reuse practices.

Social and economic barriers were most prominent with regard to consumers’ acceptability,
for example, through lack of knowledge regarding wastewater practices and costs associated
with treatment facilities and services. However, overall, the aspects with the closest relation-
ships were of economic and technological nature, discussing matters of economic feasibility of
technological solutions, linking to the highlighted barriers of short-term financial barriers and
longer-term economic sustainability barriers highlighted by Kirchherr et al. [28].

Fig. 2 Geographical distribution of the investigated studies (left) and the identified barriers (right) on wastewater
reuse in agriculture (N/A, a geographic region was not specified; MENA, Middle East and North Africa)

Fig. 3 Distribution of articles according to primary PESTEL theme
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As interrelations among the aspects were often observed in the papers explored in this
systematic review, the remaining part of this section presents and discusses the results of the
aspects according to the PESTEL analysis, with factors grouped together where there were
strong interrelations and overlaps between these factors. Technical barriers have shown strong
affinity with social challenges and therefore are discussed in the corresponding context.

Governance and Legal Aspects

Among legal and governance barriers ‘the lack of implementation and absence of control of
wastewater practices by the governmental authorities’ and ‘the lack of an adequate / absence of
a regulatory framework’ are reoccurring in the literature. Both aspects show the absence of a
coherent approach to the management of water resources at different levels and scales. Despite
the wide consensus in academia that the absence of a regulatory framework is a decisive factor
for wastewater reuse in agriculture [49], governance structures entering into force for water
reuse practices are experienced so far by few countries that started drafting guidelines on
quality requirements for water reuse prevent to manage and reduce the risk related to its unsafe
application in agriculture [50–52].

The existence of a regulatory framework can act as an enabling factor for wastewater
uptake and implementation. Indeed, the incoherent formulation of laws and regulations could
instead hinder progress towards a wider application of the practice. This is evidenced in the
case of Colombia, in which the difficulty in downscaling of the regulation at the technical
offices and the excessive bureaucratic work by the stakeholders intending performing water
reuse stops its implementation [32].

However, the lack of political will or capacity to control and execute regulations can result
in the use of untreated or poorly treated wastewater in practices that require restricted
application [53, 54]. In the case of Kuwait, absence of a complete regulatory framework and

24%

19%

11%

14%

3%

15%

14%

Social

Economic

Poli�cal

Legal

Technological

Technical

Environmental

Fig. 4 Distribution of barriers in the literature according to their categorisation
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lack of control of water abstractions have resulted in overexploitation of groundwater with
subsequent avoidance of wastewater reuse [55].

In the example of Italy, the regulations that have been introduced in 2003 regarding water
reuse in agricultural, urban and industrial applications are not adequately differentiating the
quality standards of wastewater, making it thus in many cases economically non-viable to
make use of reclaimed water [56]. Lavrnić and Mancini [57] reported that the application of
constructed wetlands (CW) could have had a wider application in Italy, as the produced
effluents, for the most cases, did not meet the standard quality requirements defined by the
national regulations. This was attributed also to the lack of differentiation among the agricul-
tural reuses of water, where effluents could have been used under restricted irrigation practices.
In the case of South Korea, inadequate requirements in the regulations have deemed unsafe the
direct use of treated wastewater in agriculture, making thus the practice almost absent [58].

Here, contrary to the experiences of Colombia by Jimenez et al. [32], the updates on the
existing regulations in terms of minimum water requirements and stricter measures have been
the enabling factor for wastewater uptake in the agricultural practices [38]. All in all, even in
different aspects, addressing legislation gaps along with policy coherency among sectors is a
key factor for increasing efficiency of policies [19, 59]. Economic policies could promote
differentiation of water tariffs according to its use to create incentives in wastewater uptake or
a fit-for-purpose approach in legislation could forward encourage a wider range of wastewater
applications by the adaption of water quality requirements to the purpose where human and
environmental risk assessment could flexibly be adapted [56].

Social Aspects

Challenging for a wide application of wastewater in the circular economy settings is the
public’s distrust around the governmental authorities’ competency and their commitment to
properly implement reuse. Especially in countries where transparency is lacking, this aspect is
negatively affecting the acceptance of water reuse on a large proportion of the population [37].
Central to better perform in community acceptance of innovative solution is the participatory
process in which stakeholders are consulted and engaged and sustainable options are validated
with the presence of affected and affecting stakeholders.

Lack of trust towards the public and control bodies builds a barrier between the
policymakers and the implementers. If this is coupled with the lack of information on
wastewater quality and procedures, a prejudiced perception against the value of the source
[38] roots in the implementers. It has been generally observed that a lack of knowledge from
farmers on the benefits and characteristics of wastewater and its treatment methods could lead
to a lower acceptance of its uptake in their farms. On the contrary, effective communication on
the positive impacts of its use could lead to higher levels of uptake. In Syria, the showcase of a
successful application of treated wastewater on forage production has led to an increase in
treated wastewater acceptability and use [54].

Promoting co-participatory approaches is crucial for the implementation of the project, as
its absence is related to low acceptability by local actors [49, 60]. Furthermore, data availabil-
ity throughout a project and transparency of the operations of the wastewater treatment plants
(WWTPs) could be a good starting point in gaining people’s acceptance and trust. As a result,
distrust of the farmers and susceptibility towards the level of treatment of the wastewater
would ameliorate, leading to the broader acceptance of the practice [39, 61]. Furthermore, the
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degree of stakeholders’ acceptance influences the local authorities’ capability for
implementing such projects.

Effective cooperation among the stakeholders enables an open and transparent process of
information flow and exchange of concerns, which is crucial for the success of socially and
environmentally sensitive projects, such as wastewater application in agriculture [62]. A
representative example of such social concern is the perceptions of risk on human health from
wastewater reuse. Public’s acceptance is heavily relying on the ‘yuck’ factor and the perceived
health impacts associated with wastewater [38]. Proximity of use with human contact seems to
be an important factor for its acceptance [37]. Similar concerns are also observed by farmers,
who have shown to have a higher tendency of willingness for wastewater irrigation on crops
cultivation that are not targeted directly for human consumption, such as alfalfa. Perceived
impacts and benefits, however, are susceptible to the respective perceptions of a community, as
people’s acceptance is likely to be affected by other people’s behaviours. In Italy, farmers
perceived greater benefits from wastewater irrigation on a local application, as the degree of
perception of risks is similar for the local community [63].

The lack of technical expertise available has also been found to influence decisively the
potential of water reuse. This is especially evident in low-income countries, where the
connection between universities and industries is weak, leading to a gap between education
and its application for society [53]. An enabling factor, therefore, is the promotion of training
and educational programmes or workshops in regard to wastewater technicalities to ensure that
the personnel has acquired the required skills for a smooth and appropriate operability of
wastewater projects and WWTPs.

Economic-Technological Aspects

Although majority of the articles referred to technological advancements and application of
wastewater treatment, challenges to overcome it are few. Only 3 out of the 56 barriers were
covering technological aspects. This is in line with previous research on barriers to circular
economy practices by Kirchherr et al. [28]. Here, economic and technological factors are
discussed in conjunction together—in terms of short-term financial investment costs and
longer-term economic profitability of shifting practices.

Technological advances in the field of wastewater treatment have been largely reported, and
technologies are still associated with high costs both in terms of technological assets and
operation and maintenance of the plant in which the technology is installed. Fit-for-purpose
solutions could be a solution to minimise these costs. Indeed, not all practices for reuse require
the same water quality requirements. For example, secondary wastewater treatment with water
treatment sludge (WTS) has the potential of reuse in various applications, such as cement
production, manufacturing or agriculture. The appropriate end use if the sludge is defined,
among others, by its quality characteristics, especially its chemical status, and the level of
treatment [64].

Financially, sound solutions to a fitted wastewater treatment can also be found for areas
with poor infrastructure or small communities that cannot bear the costs of advanced treatment
technologies. Taking influent wastewater quality, climatic and socio-economic characteristics
into consideration, a fit-for-purpose approach could provide an affordable renewable water
resource. For example, a water stabilisation pond (WSP) cost depends on the price of the land,
where at the same time it does not require technically skilled personnel and is not energy
demanding, making it thus a viable solution for rural and remote areas where land is

Circular Economy and Sustainability (2021) 1:413–433 425



characterised by low prices [65]. Another example is that of constructed wetlands, which could
be an affordable solution to a more advanced treatment in small communities when combined
with another pre-treatment technology [57, 66]. As they are dependent on temperature, among
others, they have been found efficient in pollutant removal in warmer regions, such as the
Mediterranean countries [67]. In areas where groundwater pumping has been overexploited,
tertiary treatment could lead to an increase in water availability, leading thus to higher
agricultural capacity [68].

However, the economic feasibility of a wastewater reuse project is often a decisive factor
for its realisation [69]. Installation and maintenance costs of supply systems, such as the
transportation costs, can be challenging, especially in areas with poor infrastructure [18]. Long
distances between the WWTP, the farms and the disposal sites demand pipelines and energy
for pumping, among others, which can be cost demanding [70]. Due to the lack of financial
capacity in maintaining large central WWT facilities, low-income countries tend to switch to
decentralised small-scale transportation and treatment facilities [53].

It is often the case that the price of wastewater is higher than freshwater. This has a
particularly deterrent effect on farmers, who are generally not willing to pay the higher price
[39, 69]. In addition, the low preference of wastewater irrigated products by consumers leads
to their relative marketable disadvantage [54]. In regions where conventional water supply is
cheap or in some cases even free of charge, the higher price of reclaimed water, coupled with
the distrust of its quality, makes it an even less appealing source of water [38]. On the other
hand, new research has shown that in arid areas, where the value of water, as well as electricity,
is high, advanced technologies, such as the microbial fuel cell (MFC), could be profitable for
farmers [71]. Tertiary treatment could be a viable solution to areas where freshwater avail-
ability is declining. In coastal areas, like Tunisia or the Gaza Strip, groundwater has been
excessively pumped, resulting in increased salinity of the water. Incorporating the use of
advanced treated wastewater in the water resources management strategy could increase water
availability [68].

Environmental Aspects

Environmental factors, such as the seasonal variation of the effluent and composition, could
prove a limitation to its use if not proper technologies are adopted. The upscaling of the
application area would enable larger wastewater volumes and thus become a limiting factor for
smaller communities. Upscaling of the reuse concept also leads to higher transportation and
infrastructure costs [60] to guarantee the practice of wastewater. However, densely populated
urban environments are a more reliable source of effluent but may face limitations in land
availability that treatment plants facilities require to operate successfully and at sufficient
capacity.

Nutrient imbalance in the effluent is another factor that brings concerns to water reuse in
agriculture. High levels of salinity, heavy metals and newer contaminants of emerging concern
like pharmaceuticals and antimicrobial resistant bacteria could result in either accumulation in
soil and crops or contaminating microbiologically the environment thus (re)introducing the
contaminants through the food chain. However, recent studies have shown that an appropriate
water reuse management associated with suitable treatment technology could reduce sensibly
this risk [72]. Highly treated wastewater can result in macro and micro nutrients loss essential
components for water reuse activities in low- to middle-income countries where such elements
would guarantee plant growth and yield with no use of costly mineral fertilisers [73].
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The Way Forward

Through this literature review, the authors identified and categorised main barriers challenging
water reuse implementation in agriculture. The aim was to enable a coherent prioritisation in
the focus and actions required if wastewater must be pushed in the circular economy of water.
Nevertheless, the wide range of challenges are subject to the geo-political and socio-economic
characteristics of each region or country. The understanding of the status in quo and the actual
configuration of the societal standing remain essential for assigning the optimal weight on
different policies actions and adopted solutions.

The vast range of different barriers identified in the literature are presented in a segmental
form of the overall landscape for the application of wastewater reuse practices in agriculture.
Previous barrier research is often compartmentalised according to barriers of specific themes
and the implications for future action, therefore omitting other barriers that are deemed to be
unconnected or not sufficiently connected to the research study. Following the work of Miller
[74], an overview of the different thematic interrelations was combined into a set of config-
urations. These configurations were then mapped to show their potential interconnections and
identify potential actions which can overcome the barriers to wastewater reuse identified in this
review. The different configurations are mapped in Fig. 5, following the approach of a
schematic pathway proposed by Gond et al. [75]. The configurations are presented as an
aggregate of the main identified barrier categories and interactions to enable a clearer appli-
cability of the proposed configuration map, as opposed to a complex mapping of all the
possible sub-formats displaying all the possible interactions of the barrier categories [76].

Since literature suggests technological solutions already be available, the initial configura-
tion assumes this barrier to be already addressed, and in general, we consider the financial
viability as distinct barriers which require intervention at a political level regarding incentives
and subsides. Short-term financial barriers can be offset by the provision of subsidies and
investment schemes which tackle the up-front costs of re-designing production processes,
irrigation systems and water infrastructure systems that enable greater uptake of wastewater
reuse. Longer-term economic sustainability of wastewater reuse requires a longer-term frame-
work that considers future cost increases of water resources, the availability and access of

Fig. 5 A course of overcoming barriers, starting from primary and leading to advanced configuration
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freshwater and potential future regulatory interventions such as taxes on freshwater abstraction
or wastewater discharge.

In the case where an effective regulatory framework and the know-how for implementing
already existing technologies that will allow the safe reuse of wastewater are in place
(technically capable and legal configuration), priority should be given to increasing the
acceptance of the practice by the end users and possible consumers of the products. As
environmental barriers were less addressed in the literature compared to the social barriers
(14 and 24%, respectively), it was assumed that efforts towards environmental barriers
breakdown are relevant and ongoing. Moving forward, social barriers should initially be
addressed and thus become a priority in designing wastewater reuse schemes.

One decisive factor for the successful uptake of wastewater in water reuse practices is the
presence of a binding and effective legal framework [77, 78]. Affordable technologies that
ensure clean wastewater and a societal capacity and maturity for using these technologies are
not adequate to ensure their effective use. Well-established regulations that pertain quality
requirements for the protection of human and environmental health should be put in force. In
the case of the underground configuration, most of the barriers have been addressed, but the
practice is not well regulated, yet it is shown that regulatory pressures can be a powerful (if not
the most powerful) driver for shifting towards sustainable practices for companies, in particular
SMEs. Focus should, therefore, be given to create a legal system which will include legal
penalisation or financial incentives to wastewater reuse. Simultaneously, the presence of
wastewater application in the political agenda is required to establish a beneficial top-down
approach, along with the promotion of political transparency.

Conclusions and Recommendations for Future Work

A circular economy approach to water reuse be positioned as a concept to help solve the water
resource crisis by linking circular economy as a political aim with one which can be delivered
through action [3, 5, 6]. As part of a fit-for-purpose approach, financing high-cost technologies
could be targeted to the water reuse purposes that primarily demand them, whereas technol-
ogies that are more financially friendly can be used on a wider scale. Our findings from the
agriculture sector suggest that the technical feasibility of wastewater reuse techniques is
inextricably linked to the short-term financial viability as well as the long-term economic
sustainability of transitions towards circular economic practices.

Given that a circular economy approach to wastewater reuse can be crucial in response to
the critical challenges in managing limited water resources, there is a need to ensure appro-
priate legal and political support for such schemes and design policies and laws which help to
overcome short-term financial barriers. From an ecological modernisation perspective, it is
important to ensure that transitions to circular economy practices of wastewater reuse in the
agricultural sector benefit the wider environment in terms of pollution reduction. An econom-
ically and environmentally sustainable scheme for incentivising the deployment of feasible
technologies will help to address the water challenges in the agricultural sector, as well as
potentially providing blueprints for deployment in other settings. Finally, a social need to gain
acceptance for wastewater usage is key and gaining the necessary changes towards coherent
governance processes is necessary to effectively manage wastewater for reuse purposes.
Crucial is also the application of human and environmental impact assessment and efficient
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resource consumption, balanced against community acceptance and positive attitudes towards
use of wastewater.

Future work should be focused on extending research towards developing a framework for
organisational decision-making processes that could be applied to companies and utilities and
address the gap between theoretical and actual applications of technologies. This requires the
identification of primary stakeholders in society across the political, economic, social, tech-
nological, environmental and legal sectors to input into future research designs for increased
wastewater reuse as part of a wider sustainability strategy. Covering these goals and including
a range of stakeholders are crucial to ensure there are applications of these technologies
beyond the agricultural sector. A comprehensive stakeholder engagement framework that
covers key actors from policy, business, societal and community organisations as well as
environmental protection authorities and associations will be crucial for developing legal
frameworks and ensure the economically feasible, technologically viable and long-term
sustainable wastewater reuse practices and deliver a circular economy of water consumption
across a range of industries.
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