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Understanding the complex relationships amongst Water, Energy, Food and Ecosystems (WEFE nexus) together
with the achievement of Sustainable Development Goals (SDGs) is critical for the development of a sustainable
and secure future in the Mediterranean area. In this study, we analysed 29 case studies across the Mediterranean
region which describe potential success stories for the implementation of good nexus practices. We developed an
analytical framework for investigating the impacts on 15 SDG targets and we also explicitly quantified the
magnitude of interconnection of nexus pillars with SDGs. Our findings showed that renewable energies have a
predominant role on sustainability. Moreover, to achieve the highest positive impacts on economy, environment
and society, it is necessary to ensure that both people and ecosystems benefit from a minimum amount of goods/
qualities as expected by specific targets like SDG 6.1–4 (clean water and sanitation) and 15.1–3 (life on land), as
well as 7.2–3 (affordable and clean energy) that are strongly linked with 13.1 (climate action). We showed also
that the strongest interconections between SDG and WEFE are present for the categories of renewable energy
system (RED and REW). However, the analysis showed that there is a tendency to focus on a specific sector (e.g.
agriculture) and that the good nexus practices implementation is not enough to understand the achievement and
progress towards the SDGs. For that reason, we recommended that a more holistic nexus approach including end
of supply chain options should be systematically integrated into the project design or evaluation.

1. Introduction
The WEFE nexus describes the close interlinkages of the water, en
ergy, and food sectors, and details how they depend and potentially
impact ecosystems (e.g. freshwater, forests, wetlands and grasslands).
These mutual interlinkages define the Water-Energy-Food-Ecosystems
(WEFE) nexus, four elements which are crucial to achieving human
well-being, poverty reduction and sustainable socio-economic develop
ment (Barchiesi et al., 2018; Bervoets et al., 2018).
The nexus concept has been widely promoted in policies since 2011,
and albeit there is an open debate regarding its precise meaning and
application, the “nexus thinking” is a common fundamental agreement
(Simpson and Jewitt, 2019a). The term “nexus thinking” means looking
at water, food, energy, and ecosystem behaviour simultaneously, rather
than look at any of them in individually. This is a holistic way of thinking

that deems long-term implications across the four nexus pillars
balancing at the same time social, economic and environmental objec
tives (Taylor-Wood and Fuller, 2017). However, the irreplaceable
foundation of the nexus is to achieve adequate resource security for all
while protecting the natural environment. Liu et al. (2018) pointed out
that no studies have clearly showed how the WEFE nexus approach can
contribute directly or indirectly to the progress and achievement of all
SDGs. Accordingly to Rasul (2016), the success in achieving SDGs is
strongly related to ensure the sustainable use and management of water,
energy, food, and ecosystems. In other words, a nexus approach can
improve water, energy, food security and the functionality of ecosystems
by increasing the efficiency of use of resources, reducing trade-offs,
strengthening synergies, as well as enhancing governance across
different sectors (e.g. agricultural and industrial). In Europe this was
recently consolidated by the European Commission through its launch of
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Fig. 1. Spatial distribution of collected case studies in the Mediterranean region subdivided by good nexus practices categories and spatial scales (local/farm; basin/
region; national). IRR: new techniques of irrigation; RED: use of renewable energy for desalination; REP: use of renewable energy for pumping/distribute water for
irrigation or other uses; REW: use of renewable energy for waste water treatment processes; RUE: resources use efficiency; WWR: wastewater reuse.

the European Green Deal (EC, 2019), a new growth strategy to ensure
sustainability and competitiveness from an economic point of view.
The Mediterranean region is one of the most vulnerable regions in
the world where we observe a large spectrum of problematic issues
ranging from water pollution (Malagó et al., 2019) and natural resource
degradation to water scarcity, large amounts of food loss and waste and
increasing demand for energy and food (Markantonis et al., 2019). Here,
the application of the WEFE nexus approach will facilitate to alleviate
these issues and help achieve SDGs.
Several studies illustrated the nexus concept (Albrecht et al., 2018;
Biggs et al., 2015; Cai et al., 2018; de Grenade et al., 2016; Simpson and
Jewitt, 2019b; Wichelns, 2017) and the associated simulation tools (Dai
et al., 2018; Endo et al., 2020; Kaddoura and El Khatib, 2017; Wicak
sono et al., 2017). Zhang et al. (2018), discussing eight modelling ap
proaches, pointed out that a nexus appropriate method is site-specific
and should be selected according to research priorities and aims, scales
and data availability. Similarly, Bouraoui and Grizzetti, in Barchiesi
et al. (2018), identified four categories of WEFE tools considering their
increasing data requirements (i.e. qualitative indicator based methods,
hydro-economic modelling, integrated Water-Energy-Food nexus, and
operational systems) and showed that the availability of data and their
integration remain a strong limiting factor in quantitative assessments of
the WEFE nexus.
The state-of-the-art of nexus methods applied in the Mediterranean
region reflects this status of heterogeneity. For instance, Laspidou et al.
(2019) developed a heuristic algorithm that quantifies the intensity of
interlinkages amongst five nexus components (water, energy, food, land
use and climate) in Greece, taking into account both direct and indirect
interrelationships. They also developed a modelling platform to run
nexus scenarios and produce forecasted trends (Laspidou et al., 2020).
Daccache et al. (2014) investigated the Water-Energy-Food nexus
modelling, mapping and quantifying the links between crop production,
irrigation demand and energy consumption in the Mediterranean re
gion. Saladini et al. (2018) developed 12 spatial indicators that describe
national and local characteristics of the Food-Water interdependencies
in the Mediterranean region (e.g. fertilizer consumption, annual

freshwater withdrawals and population with access to safe managed
water services). Magagna et al. (2019), focusing on Water-Energy nexus
in Europe, showed the need to use and manage energy and water re
sources simultaneously providing an assessment of technological op
tions to reduce water need for energy in particular in Mediterranean
countries that will likely experience increased water scarcity by 2050.
Finally, based on stakeholders’ perceptions and experts’ opinions,
Martinez et al. (2018) identified the main interconnections within the
Water-Energy-Food nexus in Andalusia using fuzzy cognitive maps,
while Karabulut et al. (2019) developed several multi-criteria analyses
to assess the nexus policy impacts.
What has emerged from the analysis of literature, however, is that
there is a lack of studies with concrete nexus implementation practices,
with respect to the proposed tools and methods as those explained in
Terrapon-Pfaff et al. (2018). As a matter of fact, for the best of our
knowledge, few studies report real application of nexus (e.g. Barchiesi
et al., 2018; Hoff et al., 2019). This can be explained by the presence of
several constraints, such as insufficient incentives, limited vision,
knowledge, development and investment, as well as the absence of
empirical evidence of the potential benefits of a WEFE nexus approach
(Hoff et al., 2019). This was also highlighted by Liu et al. (2020) in the
special issue “Food-Energy-Water Nexus for Multi-scale Sustainable
Development” underlining the limited effective implementation of
nexus approaches due to insufficient understanding of nexus trade-offs
amongst science-policy-stakeholder interactions (Liu et al., 2017). In
this context, our study contributes by providing a new approach for
analysing real case studies of practical nexus implementation following
the footsteps of Hoff et al. (2019). The main innovative aspect of this
work lies in the development of an analytical framework which has the
ability to assess if a good nexus practice implemented in a case study
produces a change with respect to the baseline. This change resulting
potentially in achieving some of the SDG targets by 2030. Based on
expert judgement, we investigated the impacts of changes on SDGs and
we quantified the WEFE nexus interconnections linking the four nexus
pillars to selected SDGs.
In particular, this study explicitly assessed and quantified how the
2
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environment and society. Finally, we summarized the main findings,
and highlighted the new opportunities and the remaining challenges in
implementing the WEFE nexus in the Mediterranean region.

Table 1
Summary of case studies collected in the Mediterranean region with different
categories of good nexus practices.
Category

Description

Number of case
studies

IRR

New irrigation techniques. Modernization of
irrigation systems using water-energy saving
technologies (e.g. sprinkler system, drip irrigation).
The energy supply for the irrigation generally
changed from pump units consuming diesel to
modern pumping stations supplied by the electricity
grid or solar energy
Renewable energy for desalination. Solar energy
used in desalination plants. In the case studies both
solar and on-shore wind power systems are
described, as well as the treated water used in
agriculture and for fish farming
Renewable energy for pumping/distribution of
water. Use of renewable energy for pumping system,
storage, and distribution. The main uses are for
irrigation, for electrification of rural areas, for
improving local industrial production (e.g. electric
weaving machines as a basis for income generation
for women), and for providing electricity to drinking
water treatment plants
Renewable energy for wastewater. Use of renewable
energy for wastewater reuse (e.g. the use of
wastewater to irrigate crops, or decorative plants by
pumping the treated water using solar power)
Resource use efficiency. Specific applications for
resources use efficiency (e.g. development of a
biorefinery for citrus waste management, integrated
olive trees with cultivation of wild asparagus and
free-range chickens, increase soil fertility and
reduction of synthetic fertilizers using manure and
compost)
Wastewater reuse. Reuse of water from wastewater
treatment plants without the support of renewable
energy. We also include the case of treated water
from desalination without the energy supply from
renewable energy

2

RED

REP

REW

RUE

WWR

2. Materials and methods
2.1. The case studies
The European Commission’s Joint Research Centre (JRC), the Union
for the Mediterranean (UfM) and the Global Water Partnership for the
Mediterranean (GWP-Med) joined forces to address the complex WEFE
nexus in the Mediterranean region. Following a call for collecting case
studies that show the benefits of integrating the “nexus thinking” from
economic, societal, and environmental perspectives, around 50 pro
posals were received and scrutinised (JRC, 2020).
Using a specific questionnaire (Figure S1 in the supplementary ma
terial), the owners of case studies were invited to provide: i) the
description of the case study before (the baseline) and after the imple
mentation of innovative and integrated solutions in the context of WEFE
nexus; ii) the analysis of synergies and trade-offs; iii) the evaluation of
the resource use efficiency; iv) specific economic, environmental and
social achievements. Through the analysis of these questionnaires, we
selected 29 case studies based on three main criteria: i) the completeness
of the case study description and data supporting claims; ii) the status of
the project (when the status of the project was reported, we selected the
completed case study only); iii) existence of interactions between more
than two elements of the WEFE nexus.
The selected case studies cover a different range of activities, from
farm to national level. Fig. 1 shows the spatial distribution of the
selected case studies, and a summary description is reported in Table S1
in the supplementary material.
For the analysis, we classified each case study based on its main good
nexus practices implemented as reported in the column “Category” in
Table 1. In particular, we identified 6 categories: 1) new techniques of
irrigation (IRR); 2) use of renewable energy for desalination (RED); 3)
use of renewable energy for pumping/distribution of water for irrigation
or other uses (REP); 4) use of renewable energy in wastewater treatment
for requirements and/or processes/distribution (REW); 5) resource use
efficiency (RUE); 6) wastewater reuse (WWR).

5

7

4

3

8

nexus solutions deployed in 29 case studies in the Mediterranean region
contribute to a potential achievement of SDG targets by 2030 with re
gard to the sustainability from the perspectives of economy,

Fig. 2. Conceptual framework of nexus approaches. The sub-figure in the middle represents the WEFE nexus; the second sub-figure represents all the SDGs; the
external sub-figure shows the three domains that embrace all the SDGs and the WEFE nexus.
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The majority of case studies focused on the reuse of water from
wastewater treatment plants (8 case studies), followed by the use of
renewable energy for pumping water for irrigation and desalinization (7
and 5 cases respectively). Four case studies dealt with the use of
renewable energy for wastewater reuse, 3 with the increase of resources
use efficiency, and 2 illustrated the implementation of a new irrigation
system (Table 1).
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2.2. The analytical framework
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Where i represents the SDG targets, j the case studies, and Si,j is the score
that ranges from -1 to +1. This matrix is further explained in the sup
plementary material.

The analytical framework we developed is based on three important
postulates extracted from Liu et al. (2018): a) “The nexus is directly or
indirectly connected with all SDGs”; b) “Nexus approaches promote the
achievement of SDGs since the goals are interconnected”; c) “SDG goals
are interconnected and linked with the pillars of a particular nexus”. The
framework is shown conceptually in Fig. 2.
Based on these postulates, each case study was analysed including
the identification of the main technical solution adopted (good nexus
practices). Then we selected the main representative SDG targets that
can potentially be affected or not. After that we assigned to each of them
their economic, environmental and/or social domain. At the same time,
since SDG goals are interconnected and linked with the pillars of a
particular nexus (Liu et al., 2018), each pillar of the nexus was assigned
a numerical value corresponding to the magnitude of interconnection
with SDG. Each case study was assigned a positive (+1), negative (− 1)
or zero score considering how the nexus solutions contribute to a po
tential achievement of SDG. In particular, the scores were assigned
based on a common question for each SDG: “Does the good nexus
practice implemented in this case study provide a change for a potential
achievement of this SDG target?”
The scores were assigned by the study authors who have different
backgrounds from engineering and natural sciences to economic and
social academic disciplines. It is noteworthy that, as pointed out by Knol
et al. (2010), there is no absolute guideline on which to base the number
of experts. According to Knol et al. (2010) at least six experts should be
included, while including more than 12 experts will not bring any
additional significant benefit.
The developed matrices were used to investigate the impact of SDG
potential achievements on economy, environment and society by good
nexus practices categories. Finally, we evaluated the WEFE nexus status,
highlighting if a balance between the different pillars is achieved.

2.2.2. The assignation of domains
Each target has an impact on economy, environment and society
(hereafter “the domains”) and they are interconnected (Giddings et al.,
2002). For that reason, based on expert judgement and the analysis
presented by Dohlman and Advisor (2014), we assigned to each target
the relevant domain (k = 1 for economy, k = 2 for environment, and k =
3 for society). Mathematically this is interpreted as a matrix Di,k “the
domain matrix” where 1 identifies the evidence of the impact of each
SDG (i) on the domain (k), and zero indicates the lack of influence:
⎡
⎤
1 0 1
⎢0 0 1⎥
⎢
⎥
⎢1 0 1⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎢1 0 1⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎥
Di,k = ⎢
⎢1 1 1⎥
⎢1 1 0⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎢1 1 0⎥
⎢
⎥
⎢1 1 1⎥
⎢
⎥
⎣0 1 0⎦
0 1

0

Where i represents the SDG targets by rows, and k is the domain by
column.
2.2.3. The WEFE weighting
Since SDG targets are interconnected and linked with the pillars of a
particular nexus (Liu et al., 2018), we quantified the WEFE nexus in
terconnections linking each pillar to each SDG target assigning a weight
to each combination of SDG target and WEFE pillar. The weight ranges
from 1 to 3, where 1 and 3 mean low and high interconnection,
respectively. The resulting matrix is Ni,m “the nexus matrix”:
⎡
⎤
3 3 3 1
⎢2 2 3 1⎥
⎢
⎥
⎢2 1 2 2⎥
⎢
⎥
⎢3 2 1 1⎥
⎢
⎥
⎢3 2 1 2⎥
⎢
⎥
⎢3 1 1 3⎥
⎢
⎥
⎢3 3 2 2⎥
⎢
⎥
⎢
Ni,m = ⎢ 2 3 2 1 ⎥
⎥
⎢2 3 2 3⎥
⎢
⎥
⎢2 3 2 2⎥
⎢
⎥
⎢2 2 3 3⎥
⎢
⎥
⎢3 3 3 3⎥
⎢
⎥
⎢2 2 2 3⎥
⎢
⎥
⎣2 1 1 3⎦
2 1 2 3

2.2.1. The SDG matrix
To understand the impact of each case study on the SDGs we
developed a matrix approach similar to that provided by Hoff et al.
(2019). First, since each SDG has several targets that need to be achieved
for each goal, we identified 15 sustainable targets (Table 2) that can
potentially be achieved by each case study. Some of them correspond to
a single SDG target, others are a combination of multiple SDG targets
that have the same potential main objective that could be achieved or
not.
Each case study was evaluated, assigning to each target a score of one
of the following values: − 1, 0, and +1. A value of − 1 indicates a po
tential non-achievement of the SDG target. The value +1 is assigned for
a potential achievement of the SDG target. A zero score was assigned if
the case study is not connected to SDG targets.
The scores were first assigned independently by each author, and
then compared. The scores with agreement between authors were
immediately accepted, while for those without direct agreement, further
investigation was undertaken, requesting clarification from the case
study owner, as well as further exploration of the literature.
The final matrix is the Si,j “the case studies matrix”:

Where i represents the SDG target by rows, and m the WEFE pillar by
column (m = 1 Water, m = 2 Energy, m = 3 Food, m = 4 Ecosystem).
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Table 2
Description of selected SDGs and the corresponding domains retrieved from https://www.un.org/sustainabledevelopment/sustainable-development-goals/ where
detailed description of each target is reported.
SDG targets

Domains

Description

Decrease inequality and reduce poverty (SDG 1/
SDG 4/SDG 5/SDG 10)
Food security and livelihoods (SDG 2.1/2.2/2.3)

Economy /Society

Human well-being (SDG 3.9)
Water supply (SDG 6.1)

Economy /Society
Economy/
Environment/Society
Economy /Society

Guarantee inclusive, equitable quality education and learning opportunities for all (decrease all
gender and other inequalities)
End hunger, end all forms of malnutrition and ensure food for all people, with particular attention to
the poorest and infants
Promote well-being and guarantee healthy lives
Achieve universal and equitable access to safe and affordable drinking water for all

Sanitation (SDG 6.2)

Society

Water quality (SDG 6.3)

Economy/
Environment/Society

Water efficiency (SDG 6.4)

Energy efficiency and increased share in
renewables (SDG 7.2, SDG 7.3, /7a and b)

Economy/
Environment/Society
Economy/
Environment/Society
Economy/
Environment

Employment opportunities (SDG 8.2/8.3/8.5/
8.9)

Economy/
Environment/Society

Resource use efficiency (SDG 8.4/12.2)

Economy/
Environment/Society
Economy/
Environment
Economy/
Environment/Society
Environment

Energy supply (SDG 7.1)

Reducing waste (SDG 12.5)
Climate resilience (SDG 13.1)
Conserve and sustainably use the oceans, seas and
marine resources (SDG 14.1)
Protect and restore terrestrial ecosystems (SDG
15.1/15.3/15.5)

Environment

Achieve access to adequate and equitable sanitation and hygiene for all and end open defecation,
paying special attention to the needs of women and girls and those in vulnerable situations
Improve water quality by reducing pollution, eliminating dumping and minimizing release of
hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially
increasing recycling and safe reuse globally
Increase water use efficiency and ensure freshwater supply. In particular, this target addresses the
issue of water scarcity and the importance of increasing water-use efficiency
Ensure universal energy access (i.e. access to electricity) to affordable, reliable and modern energy
services
Increase substantially the share of renewable energy in the global energy mix thus taking urgent
action to combat climate change and its impact. Ensure access to affordable, reliable, sustainable,
modern and clean energy services improving the efficiency. In particular, facilitate access to
renewable energy and cleaner fossil fuel technology
Promote sustainable economic growth in accordance with national circumstances, achieving higher
levels of economic productivity through e.g. technological upgrading. Promote employment and
decent work for all and promote sustainable tourism
More efficient use of resources in terms of consumption and production (e.g. reduce ecological
footprint)
Substantially reduce waste generation through prevention, reduction, recycling and reuse
Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters
Prevent and significantly reduce marine pollution of all kinds, in particular from land-based activities,
including marine debris and nutrient pollution
Ensure the conservation, restoration and sustainable use of terrestrial and inland ecosystems, combat
desertification, and take urgent action to reduce the degradation of natural habits

2.2.4. The analysis of SDGs in the perspective of domains and nexus
Knowing Si,j, Di,k and Ni,m, we calculated the impacts of SDG targets
on each domain and finally we explicitly quantified the SDG in
terconnections with WEFE pillars.
The impact of the potential achievement (or not) of SDG targets in
each domain was quantified for each case study with the Hadamard
Product (element-wise multiplication) between the vector of the
selected domain and the vector of case study. For instance, the impact on
economy (k = 1) of case study j = 1 was calculated as follows:
⎤ ⎡
⎤ ⎡
⎤
⎡
S1,1
D1,1 ⋅S1,1
D1,1
⎢ D2,1 ⎥ ⎢ S2,1 ⎥ ⎢ D2,1 ⋅S2,1 ⎥
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…
⎥ ⎢
⎥ ⎢
⎥
⎢
⎦
⎣ … ⎦ ⎣ … ⎦ ⎣
…
D15,1

S15,1

SDGs were calculated for each case study multiplying (element-wise) the
vector of the selected pillar from Ni,m and the vector of case study from
Si,j. For instance, the links between Water pillar (m = 1) and SDG targets
of case study j = 1 was calculated as follows:
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Thus, for instance, the comprehensive evaluation of interconnections
of a WEFE pillar (e.g. Water, m = 1) and SDG targets for a selected case
study was calculated as follows:

D15,1 ⋅S15,1

15
∑

NSi,j=1,m=1

The comprehensive impact of good nexus practices of a selected case
study (e.g. j = 1) on potential SDG achievement by domains (e.g.
economy, k = 1) was calculated as follows:

i

DSi,j=1,k=1

The same procedure was applied to the other pillars.
The results by case study, both by domains and WEFE nexus, were
aggregated by good nexus practices categories considering the number
of case studies and the maximum score expected for each category.

The same procedure was applied for the other domains.
The evaluation of interconnections between WEFE nexus pillars and

2.2.5. The visualization of the results
The comprehensive impact of good nexus practices on a potential

15
∑
i
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SDG achievement by domains and interconnections between WEFE
nexus pillars and SDGs are visualized using a metre score and a polar
plot, respectively.
In particular, the hypothesis under our metric implies that if all
selected SDG targets resulted potentially achieved due to a change from
the baseline for nexus practices implementation, each pillar of the nexus
should be numerically close to the others. Visually this can be illustrated
in a simple polar plot. The area covered by each quarter of the circle is a
measure of the overall interconnection of SDG targets and WEFE pillars.
Each quarter represents a pillar of the nexus. The results obtained in
each quarter were scored out of 100, where 0 indicates the absence of
interconnection between SDG targets and WEFE pillars, while 100 in
dicates a maximum interconnection with the particular nexus pillar.
This is not a conventional WEFE plot, e.g. radial plot often used in the
nexus approach, that quantifies for example “how much Water-EnergyFood-Ecosystem nexus is impacted?”. Here instead, we address the
question: “What is the magnitude of interconnection between SDG tar
gets and WEFE pillars?”. The maximum score (100) represents a fully
sustainable system.
This procedure was automated and the results visualized using R
software (R Core Team, 2011), developing a script that can be used for
other case studies.

amount of territory, fragment habitats and lead to a direct mortality of
birds for collisions and burning from solar rays. In addition, solar energy
systems are treated with dust suppressants and herbicides, and there is
the risk of pollution of water bodies via wash off. In addition, the local
microclimates can be affected by solar structures. Concerning wind
energy installation, the authors reported that it can cause a small loss of
habitats, disrupt the migratory routes of some bird species and there is
the risk of collisions with wind turbines.
The “rebound effect” also impacts the IRR category (new irrigation
systems), in particular the environment domain with a score of 45/100
(Fig. 3a). Albeit the new irrigation systems allow improving the water
and energy use efficiency in agriculture (maximizing food production
with less use of water and energy) there is the risk that farmers use the

3. Results and discussion
3.1. The potential SDG achievements in the perspectives of economy,
environment and society
The potential achievement of SDG targets by the reviewed case
studies has generally demonstrated positive impacts on economy,
environment, and society (Supplementary material, Table S3).
Analysing the results achieved under good nexus practices categories
(Fig. 3, left column), it is noticeable that RED (renewable energy for
desalinization) and REW (renewable energy in wastewater treatment)
have the highest scores in all domains compared to the other categories.
In particular, the final score is around 70 for both environment and
economy.
This can be explained by the fact that SDG 7 (affordable and clean
energy) is fundamentally linked to all other SDGs (Buonocore et al.,
2019). As matter of fact, the use of clean energy helps in addressing
climate change and ensure healthy lives (SDGs 3 and 13), as well as in
preserving life in water and on land (SDGs 6, 14, and 15) providing clean
water and sanitation (Fuso Nerini et al., 2018; McCollum et al., 2018).
The impact on society is significant for RED since the water scarcity
situation in some countries in the southern Mediterranean is particularly
affected by the limitations on drinking water availability. Desalinization
of seawater using renewable energy can improve people’s socioeconomic status, in particular for women, by reducing the time and
effort involved in domestic responsibilities and alleviating the health
risks associated with currently limited water availability and quality.
The improved technology can be a win-win solution at larger scales. For
example, it was recently demonstrated that PV-based RO (photo-voltaic
powered reverse osmosis desalination) can provide desalinated water
for up to 200 million people in the Mediterranean region (Ganora et al.,
2019) with a PV installed capacity of 14.2–28.4 GW.
The REP (renewable energy for pumping water for irrigation or other
uses) has lower scores than RED and REW, in particular for environment
(Fig. 3e). This can be explained by the fact that replacing fossil fuel with
solar energy for pumping irrigation, the operational costs for energy are
reduced for the user, which may in turn result in overexploitation of
water resources (e.g. groundwater). This effect, known as the “rebound
effect” in Hoff et al. (2019), was also investigated in depth by Gaspar
atos et al. (2017), who showed the main impacts on ecosystem and
biodiversity of different renewable energy systems, including solar,
wind, hydro, ocean, geothermal and bioenergy. For instance, the authors
pointed out that solar energy infrastructure can modify a significant

Fig. 3. Impacts of SDG achievements on economy, environment and society
(left side), and on the WEFE nexus (right side) by category of good
nexus practices.
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savings to expand irrigation areas and to adopt more intensive crop
production (Hoff et al., 2019) resulting in a bigger threat to the envi
ronment through the loss of ecosystems services and increased geen
house gas emissions (Burkart, 2007). Economy and society are less
positively impacted, scoring 50/100 and 55/100, respectively, with
respect to renewable energy categories. Two major factors can explain
the lower positive impacts. First, although improved water efficiency
means farmers save on groundwater pumping costs, there is the risk of
non-equitable sharing of water between farmers due to unequal access to
water (Bell et al., 2016). Second, the improvement of the water-efficient
irrigation system also requires a change of cropping system encouraging
farmes to plant more water resilient crops, as well as optimum irrigation
rates and scheduling over a growing season (Levidow et al., 2014).
However, any efforts to improve the irrigation systems needs the support
of policies and suitable assistance to farmers in order to develop sus
tainable environmental behaviours and maintain their economical sta
tus (Pereira et al., 2012).
Case studies in the WWR category (wastewater reuse, Fig. 3m), if not
supported by renewable energy sources, have low economic (40/100),
social (44/100) and environmental beneficial impacts (47/100). The
main reason is that wastewater treatment plants use a significant
amount of energy with the accompanying greenhouse gas emissions.
While the reuse of treated effluents can help reduce the gap between
water demand and supply, many challenges remain including the public
acceptance of wastewater reuse (Caucci and Meyer, 2017; Fielding et al.,
2019).
Similar findings were obtained for the RUE (resource use efficiency)
category (Fig. 3i), for which economy and society achieved the lowest
scores of 33/100 and 30/100, respectively. This can be explained by the
fact the case studies under this category are local examples of reuse of
resources (e.g. integrated olive trees with cultivation of wild asparagus
and free-range chickens) with a limited scope of people who could
obtain benefit from the proposed nexus solution, and thus few SDG
targets achieved.

supply to a specific sector, for example, energy supply for water needs in
agriculture and not for increasing the proportion of population with
access to electricity (SDG 7.1).
This also confirms the general belief that SDGs 6 and 7 have the
highest number of potential synergies (Buonocore et al., 2019; Fader
et al., 2018). Therefore, achieving SDG water and energy targets will
allow achieving other targets, and thus a more sustainable WEFE nexus.
The nexus for REP (use of renewable energy for pumping and dis
tribution water) is less sustainable, mainly due to the difficulty in
achieving many SDG targets related to Environment (Table 2). Similar
results were obtained for IRR, while the poorest situation was observed
for the RUE and WWR category where Energy and Water pillars are
unbalanced compared to Food and Ecosystems.
3.3. Towards a more holistic nexus approach
What has emerged from the analysis of the case studies is that they
focus mainly on the use of suitable technologies and/or practices, but
the nexus approach involves more than technical and economic effi
ciency. The complex links between the four pillars of WEFE nexus needs
to be systematically integrated into the project design or evaluated using
a more holistic approach (Terrapon-Pfaff et al., 2018). A holistic
approach which considers all stakeholders, policy makers, footprints of
water production, distribution, and allocation between sectors, such as
energy costs, is required for long-term and sustainable management
decisions (Zarei, 2020). Vanham et al. (2019) pointed out how the
environmental footprints are insightful indicators that provide essential
information for an analysis of the WEFE nexus because they quantify
pressures along the whole supply chain, up to the consumer level. In this
context, the need of identifying specific end of supply chain solutions (e.
g. diet behaviour, reduction of food losses and waste along the supply
chain) is fundamental for reducing the effects of consumptive and
degradative resources utilization. For instance, Vanham (2013) and
Vanham et al. (2013b, 2013a) showed that improving diets with a
healthier and vegetarian foods in Europe lead to a saving of water be
tween 23%–38% since the consumption of animal products accounts for
the largest share of water footprint (45%).
However, a spatial-temporal monitoring at all stages along the sup
ply chain is necessary. As a matter of facts, Vanham et al. (2018)
highlighted that to monitor water scarcity it is necessary to take into
account the strong spatial and temporal variability in water availability,
as well as the use of environmental flow. They recommended to use both
annual and monthly values, as well as a high spatial resolution of water
resources. In this context, the modelling frameworks and remote sensing
data are insightful instruments for identifying hot spot areas where
planning specific interventions toward the achievement of the SDGs and
doing scenarios analysis. In this context Giupponi and Gain (2017)
developed a tool to monitor progress and help better resource man
agement to achieve the sustainable goals. Recently, Xu et al. (2020)
developed a systematic method for assessing spatial-temporal progress
towards achieving the SDGs in China. The authors showed the gaps in
sustainable development between western and eastern China and how
the new technologies improved social aspects (e.g. education and
healthcare) but also created new environmental problems (e.g. water
pollution and land degradation). Schmidt-Traub et al. (2017) high
lighted also how good data and clear metrics are critical for each country
to define a clear baseline of the SDG achievements and track their
progress.

3.2. The SDGs interconnections with WEFE pillars
The achievement of SDG targets also has significant impacts on each
pillar of the WEFE nexus due to existing interconnections (Liu et al.,
2018). The hypothesis under our analytical framework implies that if all
selected SDG targets are achieved, each pillar of the nexus should be in
equilibrium with the others, thus obtaining close scores. In addition, the
higher the score, the stronger the SDG-WEFE pillars interconnections.
Analysing the results obtained by good nexus practices categories
(Fig. 3, right column), it is noteworthy that strong interconnections are
present in the RED and REW systems, highlighting again the insightful
role of SDG 7 and its influence on all other SDGs. The renewable energy
categories RED and REW resulted in the most sustainable solutions: all
the pillars have the highest scores, around 70/100 for food, energy, and
ecosystems, and 65/100 for water. The significant positive impacts of
SDG achievements on Ecosystems and Food were noticeably well
balanced and maximized.
However, the Water pillar in all categories scores the lowest value,
albeit the magnitude is similar to the others. This means that all the
specific categories proposed in our case studies need more consideration
of water resource management whereby all sectors should be addressed
contextually with all their needs. In other words, many of the case
studies focus their attention on a specific sector, for example, agricul
ture, without investigating the effects of the use of the water resources
for other activities that coexist in the same area. This is an important
issue in a water scarce zone like the Mediterranean region where tech
nical solutions alone cannot provide the increasing population with
drinking water supply, food needs and proper environmental manage
ment (Hamdy, 2001).
However, the Energy pillar is also slightly penalized for the same
reason as Water, since many case studies focus their attention on energy

4. Conclusions
The analytical framework proposed in this study is able to identify
and balance both strengths and weaknesses of good nexus practices
implemented in each case study and each category, and to give an
overall picture of the current status of the WEFE nexus in selected
Mediterranean regions. However, the method is not able to track the
7
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progress on SDGs achievement. In addition the differences between the
spatial scales of application (e.g. farm level and basin scale) are not
captured due to the limited spatial information provided. This can in
crease the risks of unsustainable use of resources because actions taken
at such different scales are not well aligned. As a consequence, in add
tion to the newly developed framework, we recommend to integrate
systematically into the project design of a case study a holistic approach
including end of supply chain options supported by spatial-temporal
high resolution datasets, as well as an integrated modelling to track
progress and do scenarios.
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