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ABSTRACT
The sudden rise in population and the need to sustain natural resources have subjected many researchers to

another dimension of an interesting study, such as integrating food, energy and water into a single entity. Tam‑
pering with natural resources, especially food, energy, or water, could be an aspect that hinders the requirement
to meet the world’s growing city needs. The food‑energy‑water nexus has become even more difϐicult due to agri‑
cultural globalization, the essential task of which is to secure regional food and water. Therefore, the systematic
literature review in this article critically investigates food interactions with energy and water optimization for sus‑
tainable development and illustrates the key points, networks, and gaps within this literature. The databases from
Scopus, Web of Science, and ScienceDirect were the key retrieved data in this study from 2010 to 2024. A total of
641 research journals, book chapters and conference papers were systematically reviewed. The results based on
country mapping analysis strongly favour advanced countries, for example, Germany, the United States , and the
United Kingdom, recording almost more than 40% of published articles; while China, including other developing
countries, recordmore than 5%of food‑energy‑water nexus research. In addition, several food‑energy‑water nexus
articles are restricted to about one‑quarter of subject categories, such as water resources, environmental sciences
and green sustainable science technology. The results also depicted that the food‑energy‑water nexus method en‑
courages inter‑sectoral and multilevel governance, scholarly and private sector, thereby supporting the intricacies
and inadequacies in attaining the sustainable development goals. The prioritization of the food‑energy‑water nexus
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approach, particularly during the incident of COVID‑19, can be a complete method to sustainably exploit natural re‑
sources to support the attainment of environmental sustainability. Thus, studying the integration of food, energy
and water would produce better knowledge in advancing the ϐlexibility of natural resources and decreasing multi‑
faceted global poverty.
Keywords: Sustainability; Food‑Energy‑Water Nexus; Resource Efϐiciency; Optimization; Policy‑Making

1. Introduction
Globally, the calls for food‑energy‑water (FEW) are

on the exponential rise to about 50% as a result of ur‑
banization, differences in consumption style, climatic
change and population growth [1]. In 2019, the United
Nations (UN) recorded that approximately 821 million
people in 2017 were underfed compared to 784 mil‑
lion inhabitants in 2015. Unfortunately, supplying food
to these undernourished people worldwide will require
more land than is presently available [2]. Similarly, acces‑
sibility towater is not out of thewoods in the global com‑
munity, as the statistical reports show that in 2019, 785
million people lacked safe drinking water, while about
2 billion inhabitants had no water supply. Also, the UN
projected that about 700million inhabitants would drift
or search for refuge in another setting because of the
strict scarcity of water [3]. In another strict view, the
World Bank reported that in 2019, about 840 million ru‑
ral dwellers lacked electricity supply [4], while around 3
billion people had no means to reϐine cooking fuels, in‑
cluding renewable energy [5]. Studies show that the sur‑
face earth’s temperature in 2018was around 1 °C, which
is higher than the estimatedmeasure by the Paris Agree‑
ment [6]. Hence, if the present situation persists, it is as‑
sumed that the Arctic glaciers will dissolve, causing seas
and oceans, and the submergence of 150million popula‑
tions by 2050 and 360 million by 2100 [7].

Regarding this situation, the demand for FEW has
started gaining popularity because of the rising socio‑
economic pressures that are surpassing the capacities
of the environment to recover, creating terrible costs for
sustainable development goals. To this end, research in
the area of optimizing environmental resources is gain‑
ing worldwide attention to mitigate dangers such as
waste, depletion of resources and emissions. Previously,
researchers have learnt the complicated corroboration

of the FEW in the environment, as presented in Figure
1. This knowledge was piloted by the idea of nexus [8].
The term “nexus” was initiated as a requisite to serve a
complete and joint to the entire system, rather than its in‑
dividual elements to advance towards a viable result for
the prospect of the society [9]. Therefore, the idea of the
FEW nexus has become a focus of interest in academic
literature, workshops, policy‑making platforms and con‑
ferences as a better way to comprehendmultipart corre‑
lations among numerous resource systems.

Figure 1. Description of food, energy and water structure.

The resource management in Figure 1 highlights
the FEW nexus as a vital trio nexus that represents the
complex and symbiotic relationships among these cru‑
cial resources, which are essential to human well‑being,
economic growth, and environmental sustainability [10].
Thus, optimizing the FEW nexus has become a key chal‑
lenge and opportunity for researchers and industry lead‑
ers globally. The FEW nexus captures the difϐiculties of
resource management where practices in one area al‑
ways have substantial effects on the others [11]. For exam‑
ple, agricultural practices need considerable energy for
irrigation, water inputs, processing, and transportation.
In the same way, energy production always depends on
water for cooling procedures, while water withdrawal
and distribution need signiϐicant energy. This interrela‑
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tion requires an integrated method to resource manage‑
ment that can complement the contending demands and
reduce trade‑offs. However, research and innovation are
vital in developing our knowledge of the FEW nexus and
emerging optimization approaches. Quantitative mod‑
els, including systems dynamics models and integrated
assessment models, are inϐluential in simulating intri‑
cate connections and forecasting the results of several
interventions [12]. Furthermore, interdisciplinary study
combining understandings from engineering, environ‑
mental science, social sciences and economics is impor‑
tant for creating inclusive solutions. The nexus method
to resource allocation systems equally addresses land
and soil use by considering socio‑economic elements.
Carvalho et al. stress the need for systemic rationale
to create multipurpose strategies dedicated to the FEW
nexus [13]. A systemic method could also allow the con‑
sideration of crucial indicators, including sustainability
and resilience by concentrating on the interconnections
across several ϐields rather than viewing them as iso‑
lated elements [14]. As the global community continues
to experience growing challenges, a determined effort
towards FEW nexus optimization will be crucial for de‑
veloping a sustainable future.

Several optimizationmodels have been established
for FEW management, each directed to various objec‑
tive functions, geographic scales, andmodelingmethods.
For example, Di Martino et al. developed an optimiza‑
tion framework for screening reverse osmosis plants
under FEW nexus perceptions, using it for a regional
case research in South‑Central Texas with three sepa‑
rate circumstances [15]. Their model utilized three ob‑
jective functions within a mixed‑integer nonlinear op‑
timization problem. Cansino‑Loeza and Ponce‑Ortega
presented a multi‑objective optimization model for de‑
veloping FEW systems, integrating a multi‑stakeholder
analysis to formulate solutions built on diverse stake‑
holder signiϐicances [16]. This model, a mixed‑integer lin‑
ear programming challenge with three objective func‑
tions, was used in a regional case study inMexico, where
industrial activity struggles with resource demands be‑
cause of low water accessibility. Wicaksono et al. con‑
ducted an optimization module for theWEF nexus simu‑
lation module (WEFSiM‑opt), containing four objective

functions meant to exploit the user dependability in‑
dex for water, energy, and food sectors [17]. This model,
evaluated using single‑ and multi‑objective genetic algo‑
rithms, was used in a national case analysis in Korea to
ϐind out optimal resource allocation and management
under a drought situation. Li et al. presented a multi‑
objective optimization model under uncertainty for sus‑
tainable agricultural water, food, and energy nexus man‑
agement [18]. This model combined Random Boundary
Interval and fuzzy set theory to tackle uncertainties and
was utilized in a city‑scale case study in the Jinxi irri‑
gation district of Fujin City. Memarzadeh et al. pre‑
sented an innovativemulti‑agentmanagement optimiza‑
tionmethod that combines uncertainty and stochasticity
through game theories and decisions to optimize multi‑
agent FEWsystemprocedures [19]. Theirmodel, a nonlin‑
ear, nonconvex programming challenge concentrating
on operational costs, was conϐirmed in a Ventura County,
California, regional case study. Despite the several pro‑
posed optimizationmodels with variable characteristics
for FEWnexusmanagement, no complete literature anal‑
ysis presently study them all in a single article.

Therefore, regarding the literature studies, it is ob‑
served that there is a deϐiciency in the three areas of the
FEW nexus. Similarly, less interest is given to review‑
ing the FEW nexus optimizations. In view of this, the pa‑
per considers the SLR of FEW nexus optimizations with
the following contributions: (a) to examine the evolu‑
tion of the existing articles that published the growth of
contending demands for food, energy and water nexus.
(b) to design plans, the FEW nexus methods could be
adopted to connect and advance coherence in decision‑
making. (c) to bring it up in a conversation about the
nexus concept used for problem‑solving and encourag‑
ing regional collaboration. (d) to gain ideas on optimiz‑
ing natural resources through the FEW nexus in local ar‑
eas. The paper is organized herein by ϐirst introducing
the context of nexus and an overview of FEW nexus ad‑
vancements in Section 2. Section 3 describes the state of
the arts both in developed anddeveloping countries, and
the methodology is presented in Section 4. The review
results were discussed in Section 5, and the conclusions,
recommendations and future works were presented in
Section 6.
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2. The Context of Nexus
The rate at which water is extracted and the

strengths of energy utilization determine the proce‑
dures for food production. Just like food and water
are the requirements for generating energy, nice food
and energy applications are required for water security.
Meanwhile, electricity generation, such as hydropower,
fossil fuel extractions, puriϐications, and feedstock nur‑
turing as applied to biofuel generations are powered by
water. Birol and Das stated that almost 15% of inter‑
national water extractions are used for energy genera‑
tion [20]. In the same vein, energy is vital for extract‑
ing, supplying, treating and transferring both consumed
and unconsumed water for societal utilization. On the
other hand, in the global community, approximately 8%
of energy is used during water drives [21]. Water is es‑
sential to food generation and reϐining (crop irrigation,
pond ϐilling for aquaculture generation, and food reϐin‑
ing); it relates to food generation and river systems by
conveying excess sediments, agrochemicals, saline trad‑
ing and organic trading matter [22]. Chakkaravarthy and
Balakrishnan projected that approximately 70%of inter‑
nationalwater extractions enter food generation [23]. For
instance, the description of the decline in the quality of
water due to the rise in seafood generation (aquaculture)
and pollution of water as a result of nutritional pileups
through releases of unused ϐish food and ϐish misuse in
the body of water [23–25]. Similarly, the energy required
by the food generation systems, including food genera‑
tion and transportation, applies to approximately 30%
of international energy generated [26]. Figure 2 demon‑
strates the relationship between the FEW nexus.

Similarly, food can be utilized for energy genera‑
tion, as in the case of biofuel, and a study shows that ap‑
proximately 1% of food supplied is utilized for a partic‑
ular objective [27]. Additionally, these offer the undesir‑
able outwardness of FEW applications, such as contami‑
nation ofwater systems and the discharge of greenhouse
gases [28]. However, reactions from climate change, such
as temperature increase, differences in the pattern of
rainfall and extreme weather conditions, inϐluence FEW
generations. For instance, an increase in temperature
causes air to warm up, which retains moremoisture and
can increase the chances of rainfall, causing ϐlooding and

reducing food yield [29]. On the other hand, differences
in climate, such as warmer weather conditions, cause
a high rate of evaporation, the depletion of groundwa‑
ter and surface, as well as more droughts and a lack
of water. Consequently, a straight danger to animals,
the widespread parasites and ailments associated with
the ϐluctuations in weather conditions pose a risk to
food yields [30]. Equally, the decreasing water system
due to excessive climate conditions inϐluences hydro‑
energy generation and biomass utilized in biofuel gen‑
eration [29].

Figure 2. The connections among the domain of FEW nexus.

2.1. The Overview of Food‑Energy‑Water
Nexus Advancement

There have been the perspectives of FEW propos‑
als for over a decade now, with noticeable applica‑
tions in different scientiϐic ϐields, including water for
food and the nexus of political and socialist civiliza‑
tions [31, 32]. The scientiϐic domain has stressed the
relationship among FEW since the oil disaster in the
1970s. The research study by Mul et al.used a system
dynamic simulation method on the sudden increase in
the population and ϐinancial system with limited wa‑
ter and food, and the results showed that a constant
increase in the economy would bring about a serious
shortage of resources [33]. Afterwards, another research
work deliberated on the circumstances leading to en‑
ergy pressure and water generation in three develop‑
ing nations [34]. As the three‑point FEW nexus evolves,
the researchers steadily neglected separated analytical
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methods and implemented systematic approaches, cre‑
ating the study viewpoint for successive FEW nexus ac‑
tivities [35]. However, from 1980 to 2010, there was a
noticeable gradual research interest and project growth
on the FEW nexus globally, including nations like India,
Brazil, the USA, and Japan. Between 1983 and 1986, a se‑
quence of strategies regarding the nexus of energy‑food
was instituted by the United Nations University (UNU)
to regulate their connection, such as the food‑energy re‑
lationships [36]. Concurrently, some international estab‑
lishments tried to deliberate the FEWnexus’s social, eco‑
nomic, environmental and political frameworks. For ex‑
ample, in 1986, the next global conference, titled “The
Food‑Energy‑Nexus and Ecosystems”, concentrating on
energy‑feeding strategies and their result on ecosys‑
tems and agricultural supply, was hosted by UNU [37].
Bonn’s conference titled “The Water, Energy, and Food
Security Nexus—Solutions for the Green Economy” re‑
mained a breakthrough such that the idea of the FEW
nexus was noticed in the global programme [38]. Right
from the conference, nearly 300 establishments across
the globe inaugurated FEW nexus ambitions between
2011 and 2015 [39], and the number of FEW nexus jour‑
nal articles has started growing histrionically. Figure
3 presents 530,185 research articles identiϐied and re‑
trieved between 2000 and 2023 based on the popular
ScienceDirect database.

Figure 3. Description of FEW and FEWnexus documents from
2000 to 2023.

It is noticeable in Figure 3 that several arti‑
cles were recognized and published with more con‑
centrations on the food‑energy‑water rather than food‑
energy‑water nexus until 2011 when the nexus of food‑

energy‑water started increasing. Concurrently, the
three‑branched FEW networks have steadily drawn re‑
searchers’ attention, and research publications in this
area have risen suddenly. Several studies on the FEW
nexus focus on international, transborder, and national
measures.

3. State of the Art of Food‑Energy‑
Water Nexus
Presently, research on FEW nexus optimizations is

relatively scarce. Most researchers have assumed the
optimization as a separate resource instead of the op‑
timization of FEW as a complete resource. With re‑
gards to an individual resource or two resources opti‑
mization, the research work performed by Javadinejad
et al. utilized diverse means and algorithms for water
resource optimizations [40, 41]. In contrast, Ju and Su et
al. presented a multiple‑design procedure for energy
optimization [41, 42]. Also, Guo and Cai separately devel‑
oped algorithms for food structure optimization and es‑
tablishment, aiming to improve the differences in de‑
mand [43, 44]. In another development, optimization was
carried out at the limitation of water resources by Cao
et al. [45] to design and establish a business in arid re‑
gions. The studies performed by Zhen et al. [46] con‑
trolled hybrid interval two‑stage fuzzy reliability cod‑
ing algorithms to sustain interactions of energy‑water
scheme organization. Likewise, Chen et al. [47] studied
the nexus of the energy‑water algorithm, an optimiza‑
tion system with double risk aversion, with the abil‑
ity to produce healthy optimization results. However,
considering the complete optimization of food, energy,
and water, Endo et al. [38] improved water and energy
application, and food generation was centred on the
complete assessment process. In the same vein, Karan
et al. [48] proposed a model and designed a mathemati‑
cal algorithm for predicting demand and generation, in‑
cluding food, energy and water. The study by Fan, Lin
and Hu [49] established a combined assessment of the
FEW nexus for two parts with various stages of devel‑
opment through several linear regressions in a simulta‑
neous equation method. Also, Li et al. [18] proposed an
optimization algorithm aiming to exploit ϐinancial prof‑
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its with negligible environmental effects. At the same
time, Peng [25] optimized the correlations among food,
energy and water channels by initiating the theory of
agreement. Bazilian et al. emphasize the complex inter‑
action among food, energy, and water, promoting their
communal deliberation [50]. TheWorld Economic Forum
(WEF) was among the ϐirst to emphasize the interrela‑
tion of these sectors [51], a sentiment reverberated by
subsequent studies [52–54]. Laspidou et al. described
the ‘nexus’ as the intricate network of connections in‑
herent in resource systems [55]. Besides physical rela‑
tionships, researchers like Hussey and Pittock stated the
tight interconnection of FEW policies, usually stored [56].
The literature broadly explore this insight, highlighting
the symbiotic and antagonistic relationships among the
resource sectors [57]. Deliberations often spin around
the signiϐicance of FEW resources, emphasising water,
particularly its availability, frequently taking interest [38].
Similarly, Urbinatti et al. presented the concept of “vir‑
tual water” to discourse nexus pressures, inϐluencing
cross‑sectoral collaboration [58].

Different organizations, such as the FAO, have iden‑
tiϐied food as the focus of the FEW nexus and have rec‑
ognized its crucial connections to guarantee socioeco‑
nomic and environmental sustainability from a food se‑
curity viewpoint [59]. In the sameway, IRENA is regarded
as an energy‑focusedmethod by whom that maintain re‑
newable energy technologies cannot only address some
trade‑offs among FEWsystems but also produce huge in‑
comes using the three‑pronged nexus method [60]. Some
researchers extend the nexus to incorporate the associa‑
tion between humanity and nature [61], perceiving it as a
critical driver of economic development. The FEWnexus
is likewise viewed through the lens of economic activ‑
ities and global trade, highlighting its part in meeting
demand at various points [62, 63]. It is obvious that the
implications of the FEW nexus are wide, which can be
revealed by the various understandings of this concep‑
tual terminology. Notwithstanding its extensiveness of
interpretations, the nexus concept remains in its infancy,
needing deeper study [54]. It is vital to approach nexus
thinking from several approaches and scales in policy
making and technology solutions, avoiding unbending
deϐinitions.

The research emphasized the relationship of FEW
at the individual or household scale, mainly observing
footprint analysis and sustainable management of FEW
resources. For example, Xia et al. studied water con‑
sumption related to food consumption among residents
of Chinese cities, disclosing more water footprints in
thickly inhabited urban regions compared to less urban‑
ized areas [64]. Moreover, recent research investigates
the impression of policies and strategies on reducing
FEW uncertainties at the household level [65]. Spiegel‑
berg et al. utilized socio‑ecological system analysis, mea‑
suring 176 households to propose policy involvements
for improving water and food establishment while de‑
termining possible user wars within the FEW nexus [66].
Also, Wa’el A, Memon and Savic presented a novel risk‑
focused method to evaluate FEW relations, stressing
trade‑offs between water and energy when using recy‑
cled grey water for non‑potable drives [67].

3.1. The Food‑Energy‑Water Nexus View‑
points in Africa as a Case Study for De‑
veloping Country

TheFEWnexus is studied in various regions. For ex‑
ample, climate change is assessed in Africa from a fresh
perspective based on studies undertaken through the
FEW nexus [68]. It is based on many factors, including re‑
source deϐiciencies, the high price of resources and in‑
put costs, whichmight threaten the security of the grass‑
roots. The creativity of the public, well‑managed gover‑
nance, and natural resources might secure FEW growth
in the community while encouraging sustainability and
lowering domestic liability [69]. In sub‑Sahara Africa, the
research conducted was based on the consequences of
climate change on food supply, energy generation and
water management [70]. The result indicates that sev‑
eral rich natural resources in Africa, such as mineral
and energy resources, are presently in the framework
of the African condition. Nevertheless, their misman‑
agement is either totally cogent or entirely irrational,
and the materials are frequently migrated out of Africa.
In 1990, the region lacked infrastructural development,
organizational and managerial competencies, and soci‑
etal growth ratea decreased; all of these brought about
a ϐlock of challenges. Africa relies on agricultural prod‑
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ucts not only for local utilization but also for export in‑
comes as well. Unfortunately, agriculture is prone to
deforestation, erosion and the affordability of interna‑
tional markets. The area requires international support
as well as growth strategies focused on FEW security [71].
Even if the viewpoint is meagre, the region will nev‑
ertheless transform. In Northeast Africa, for example,
Ethiopia is advancing in agricultural innovation. The en‑
ergy supplies to the country are mainly from biomass,
which, in the context of climatic change, is assessed in
Africa’s hydroelectric power services built by the govern‑
ment. There is interference between water and agricul‑
tural services, and energy supply occurs in the country,
as in Asia [72]. There are different challenges in the lo‑
cality of Lake Tana, Ethiopia, because of the increase in
agricultural products as well as the rise in demand for
energy uses such as transport, storage, and irrigation.
Hence, to solve this challenge, migrating to hydroelec‑
tricity becomes an alternative. This is because the waste
produced by the agricultural activity can be used to gen‑
erate bioenergy; this condition can generate synergy or
competition between sectors of FEW. Although lots of
water is used up for both bioenergy and agriculture, the
country lacks enough to deliver [73]. Other African coun‑
tries are equally encountering this issue. Climate change
affects different African cities, such as Bulawayo in Zim‑
babwe, Cape Town in South Africa, Dar‑es‑Salam in Tan‑
zania, and Cairo in Egypt. The water supplies for the
production of hydroelectricity are in danger because of
these challenges, and agricultural activities are not left
out in those cities as well. Moreover, in different ar‑
eas, the power given to the local government institutions
needs to be increased, and the ϐinancial limitations cou‑
pled with the lack of technical knowledge to discourse
climate change equally add up to the challenges in imple‑
menting the FEW nexus. The result brings a broad gap
between the higher ϐinancial capabilities and the under‑
privileged, with the rise in food and energy prices and
limited means of clean water [74].

On the other hand, South Africa follows a team
of international communities for food price increments.
Presently, 60% of South Africa’s families are challenged
with some levels of food uncertainty [75]. In 2007 and
2008, the cost of power rose by approximately 24%, up‑

setting all ϐinancial areas, including all customers. The
Producer Price Index (PPI) shows that water and gas
prices were up by around 96%, and electricity prices
rose by approximately 177% in a year interval. Mean‑
while, the prices of other food industries and processing
materials have risen equally; while food prices have also
increased. Because of the energyprice increase, bothwa‑
ter supply and agricultural outputs, transportation, and
delivery are undesirably increased. Consequently, the
situation increased the cost of water by 60%.

Regarding food production and safety, increasing
water prices have brought about more difϐiculties be‑
cause of the scarcity of water [76]. Several fresh strate‑
gies have evolved to solve South Africa’s nexus problems.
The aim of some studies is tomore competently moisten
grasslands and supply nitrogen, bringing about a drop
in fertilizer consumption and more operative in irriga‑
tion apparatus. Suitably, animal dung collection from
rainwater could be applied to producewater‑soluble fer‑
tilizer and biogas, with the former utilized for domestic
uses [76]. Generally, water use is a serious environmen‑
tal and social reserve in the African region. Other re‑
source usage and climatic change stress the ecosystem
as the population of the Nile basin increases. The extra
pressures comprise inside conϐlict, with countries neigh‑
bouring the Nile entirely partaking in considerable pro‑
ductive riparian regions Africa has the Nile at the top
among the essal river schemes, and its Blue Nile tribu‑
tary produces a total annual income of about 60% [77].
At the Blue Nile River corner, Allam et al. generated
the FEW nexus to exploit all the advantages by proϐi‑
ciently tackling water resources and land. The method
researched, in this case, can assist in concealing parts
of the basin with rain‑fed agriculture, reϐining the soil
in the system. Consequently, the yearly algorithm per‑
formed at the Blue Nile River water [78] produces sav‑
ings of about 7.55 km3. Moreover, among the eleven
irrigation systems that were designed from the master
project in Ethiopia, three are projected to be beneϐicial.
Water stored for hydropower generation arises at the
cost of possible rain‑used agriculture in the basin. The
collaboration of the countries in the area aims to grow
effective agriculture and distribute the beneϐits and ex‑
penses. Hence, the transaction will deϐinitely result in
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collaborationwith other regions [78]. To progress further,
the minor schemes require implementation at a greater
level to assist the country and their counterparts. Water‑
use policies, simulatedwater commerce, technology and
transboundary supervisory of water resources are gain‑
ing ground to struggle with the FEW nexus challenges.
As a result of this, the nexus system becomes essential
to enable longstanding approaches and policies for food
security and lasting sustainability in Africa.

3.2. The Food‑Energy‑Water Nexus View‑
points in Europe as a Case Study for De‑
veloped Country

One of the major difϐiculties in Europe regarding
the FEW nexus is equating the energy costs for agri‑
culturalists while authorizing them to pay for irrigation
costs. Also, supplyingwater to smaller societies is a core
issue, particularly for hydropower, andmaking it known
to the community is needed, too [73]. Uncertainty has
become a repeating argument in the Global Economic
Forum administration. Consequently, European coun‑
tries must implement concepts and plans to avert dis‑
aster, improve assets, and prevent problems related to
the security of the World Economic Forum. The idea of
nexus regarding theWorld Economic Forum shows com‑
plicated interactions between investors and areas. How‑
ever, few countries have strategies and policies prepared
to solve the FEW nexus as an entirety. For instance,
the UK lacks strategies that impact the FEW nexus re‑
lationships, encouraging balance across FEW systems
and inϐirming the capacity of the nation to resist climate
change [79]. Even with the latest improvements in the
European Union (EU) in recognizing nexus challenges,
a majority that produces the reliable basis of the poli‑
cies is at sector‑explicit, challenging average and long‑
standing issues regarding resource administration and
climate change adaptation. Science, dynamism, multi‑
disciplinary and adaptability should be the focus of re‑
cent strategies and policy making. The study under‑
taken in conjunction with UK professionals suggest that
evaluation and examination in the framework of the
FEW nexus demand a multi‑investor and collaborative
method across the information andpolicy‑makingproce‑
dures. This approach requires the dynamic involvement

of investors from every segment [71].
The increase in global requests for natural re‑

sources in Europe, accompanied by climate change,
has generated considerable problems in urban advance‑
ment and viability. For instance, among Germany’s main
cities, Munich is deeply dependent on food importation.
Regarding this matter, green agriculture can utilize ver‑
tical agriculture as a method to enhance viable food pro‑
duction [76]. The vertical agricultural crops might gener‑
ate 66% of Munich’s vegetable and fruit, which nearly
meet the average requirements the city needs. More‑
over, more advantages can be seen from vertical agricul‑
ture from the perspective of heat islands being on the de‑
crease andhence assisting in lowering energyutilization,
which brings about cooling during summer. Likewise,
treatment of wastewater and re‑utilizing may cause wa‑
ter reserves equal to 26% when mixed with rainwater
storage. Since the water stored might be used for verti‑
cal agriculture in urban farming, the plan for water con‑
sumption has been established. It can utilize the com‑
bined FEW nexus procedures to expand the urban’s via‑
bility; besides FEW security by resolving the most vari‑
ety of FEW resources investors, a civilized and compre‑
hensive structure of transmission allows contributors to
decrease symbiotic dangers. On the other hand, the af‑
termath of COVID‑19 on the several sectors of the FEW
nexus and accomplishment of the SDGswere likewise ex‑
amined.

4. Methodology
The idea of SLRhas been established in educational

systems to help researchers create sophisticated outline
data or information on a particular study area [80]. Thus,
this type of review offers a systematic method for classi‑
fying, separating and combining a group of published re‑
searchpapers, journals, conferences andbooks in search
of sufϐicient evidence related to particular research ob‑
jectives or questions.

4.1. Bibliometric Analysis

The bibliometric study has often been utilized for
systematic analysis of scientiϐic publications and docu‑
mentation to explore information in a certain area of
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study, and the analysis was ϐirst conducted in 1968 by
Chen et al. [81]. It is a statistical research technique for
publications. Furthermore, Cite Space software, as an
instrument for advancing information domain visualiza‑
tion, was applied along with bibliometric examination
in this research. CiteSpace assists in the temporal and
structural studies of hybrid node kinds, networks and
cluster sights on scientiϐic papers [82].

4.2. Database, Search Terms and Search
Procedure

The article did a critical assessment and detailed in‑
vestigation of appropriate research journals, books and
conferences from the database fromWeb of Science, Sco‑
pus and ScienceDirect, using the keywords “food”, “en‑
ergy”, “water”, and “nexus” in the title, abstract, and key‑
words of the database articles. During the search pro‑
cess, English was the only language used to examine
peer‑reviewed journal articles published from 2010 to
May 2023. The search yielded 417 documents, which
were retrieved on 20th May 2023. However, the search
methods’ limitations were also taken into account by
using alternative words, including electricity, power,
agriculture, hydrolysis, and irrigation, to search for re‑
lated articles in the title, abstract, and keywords to ac‑
quire 24 extra papers. Hence, an overall of 641 arti‑
cles were recorded. Even though the papers chosen
were restricted to peer‑reviewed articles, tools and pro‑
cedures for nexususeswere initially establishedby inter‑
governmental or non‑governmental studies and policy
organizations. Figure 4 shows the bibliometric analysis
and procedures of the methodology used.

4.2.1. Article Inclusion and Exclusion Crite‑
ria

Three criteria were chosen in selecting the articles,
and they include:

• the articles clearly use the idea of nexus regarding the
sustainability of natural resources;

• the articles expressively comprise the three resource
areas: food, energy, and water;

• all the articles propose or test detailed systematic
tools for assessing the nexus.

Figure 4. The bibliometric analysis and procedures.

Henceforth, if articles passed just the ϐirst two con‑
ditions but failed to propose or test systematic tools, the
situation was considered as “conceptual”. Out of the
641 articles presented, 50 articles, representing 7.8%,
were categorized as “conceptual”, 146 articles, showing
22.7%, were categorized as ‘methodological’, and the ex‑
cluded articles were 147, representing 45.8%. To con‑
ϐirm that the review process was reliable, articles were
excluded once they failed to pass single selection con‑
ditions. Take, for instance, some articles that failed
to meet up with the sustainability of natural resources
but “nexus” was included just as a tinkle term. Even
though all three terms indicated were common, arti‑
cles were excluded once resource nexus interactions be‑
tween two terms were noticed such as articles that con‑
centrate mainly on water–energy relationships. In this
case, the emphasis is placed on addressing the three‑
branched nexus because food, energy, and water sys‑
tems are integrally more complicated compared to the
two‑branched nexus and the systematic methods for
evaluating the FEW nexus are required in studying this
extra intricacy. Lastly, since the key purpose of this re‑
search is to sustain extra advancement of healthy nexus
approaches, articles that failed to propose or test exact
systematic tools for assessing the nexus were equally ex‑
cluded. The subsection of 73 “methodological” papers
was coded for material connected to publication (for in‑
stance, country, keywords, year, discipline and journal)
and nexus approaches (for example, quantitative, single
discipline and interdisciplinary). Similarly, the assess‑
ment included:
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• whether the papers demanded a “new” technique,
uniting several approaches in a discipline, or applying
a single technique;

• whether the papers presented a preference for a spe‑
ciϐic area;

• whether the articles had case studies;
• if the articles have an aim or end purpose;
• the scale of study was all about;
• main limitations or challenges in using nexus tech‑
nique(s).

Meanwhile, a quantitative study regarding the
drifts and features of nexus approaches described in
the literature was conducted (for instance, applications
of quantitative methods, number of publications over
time, and variety of disciplines). All 50 “conceptual” ar‑
ticles were reviewed to collect the exact data gaps, study
requirements, and prescriptive qualities connected to
nexusmethods and tools. These prescriptive qualities of
nexus approaches presented in the literature are termed
“key features” of nexus approaches. The key features
represent the required qualities, for example, how tech‑
niques assist in accessing nexus study, what data and
information are excluded or included, how interdisci‑
plinary relationships are explained, and who is included
in the study. In the same vein, the normative attributes
of the nexus approach or study requirements from the
“methodological” papers, where appropriate, were col‑
lected.

5. Results and Discussion
SLR is an essential technique to clarify the uncer‑

tainty regarding the authenticity of a topic in connection
with the key aim of describing some matters in an orga‑
nized and detailed method. The social network analy‑
sis used in this research supports the generation of vi‑
sualizations and analyses of various comparative tech‑
niques that assist research hypotheses. Regarding the
FEW nexus, the social network analysis aims to produce
clear, complicated relationships. However, Table 1 il‑
lustrates the top 10 published articles based on the sub‑
ject category. Out of the 236 publications from the Web
of Science, articles (156), reviews (66), proceeding pa‑
pers (11) and book chapters (8) were themain contribu‑

tions recorded about 66.4% of the overall publications.
Different other published documents recorded approx‑
imately 34%, such as abstracts and editorial materials.
The top productive category is the Environmental sci‑
ences, accounting for 64.831% of all publications, fol‑
lowed by green sustainable science technology, account‑
ing for 21.61%, andwater resources, recording17.797%.
These journals in the subject categories of environmen‑
tal sciences andwater resources are themost inϐluential.

5.1. Most Frequently Cited Papers and Fea‑
tures of Publications

The most frequently cited articles can reproduce
the hot spots of research attention in the area of FEW
nexus studies. Since newly published articles may need
more suitable citations for their rapid publication time,
utilizing themost cited article per annum for assessment
purposes is sensible, as presented in Table 2. Fifty con‑
cepts regarding the food‑energy‑water nexus were rec‑
ognized in the papers studied by ScienceDirect. They ap‑
plied various techniques to look at a similar matter, the
governance of food, water and energy together. For ex‑
ample, the highly cited articles with a total yearly cita‑
tion of 264 and an average per year of 44were published
in Review of Geophysics in 2018, entitled “The global
food‑energy‑water nexus”. Its major contribution is the
need to prioritize nutrition, not just food, in examining
the nutritional signiϐicance of various climate and man‑
agement schemes. The second top from the list has 167
and an average of 27.83 citations and is entitled “Under‑
standing and managing the food‑energy‑water nexus—
opportunities for water resources research”. It was also
published in 2018 and elaborated on the opportunities
in food‑energy‑water nexusmanagement. The third and
fourth articles are “Renewable & Sustainable Energy Re‑
views” and “Nature Sustainability”, published in 2018
and 2019, respectively. While the third article has 166
and an average of 27.67, the fourth article has 160 and
an average of 32 citations.

Among thepublications presented inTable2, there
are only two articles in each of 2015 and 2016, but the
yearly publication rose steadily with a sharp increase
in 2019. The average publication length changes fairly,
with a total average of 12.78 pages. The average number
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Table 1. Publications of top 10 subject categories.
Web of Science Categories Record Count % of 236

Environmental sciences 153 64.831
Green sustainable science technology 51 21.61
Water resources 42 17.797
Environmental studies 40 16.949
Engineering environmental 33 13.983
Energy fuels 15 6.356
Engineering civil 14 5.932
Meteorology atmospheric sciences 14 5.932
Engineering chemical 11 4.661
Geosciences multidisciplinary 11 4.661

Table 2. Hierarchy of articles according to their annual citations.

Title of the Article References Journal Title Publication
Year

Total Ci‑
tations

Average
per Year

The global food‑energy‑water nexus [83] Reviews of Geophysics 2018 264 44
Understanding and managing the food‑energy‑
water nexus— opportunities for water resources
research

[11] Advances inWater Resources 2018 167 27.83

Improving the sustainability of organic waste
management practices in the food‑energy‑water
nexus: A comparative review of anaerobic diges‑
tion and composting

[84] Renewable & Sustainable En‑
ergy Reviews 2018 166 27.67

Agrivoltaics provide mutual beneϐits across the
food‑energy‑water nexus in drylands

[85] Nature Sustainability 2019 160 32
Food waste and the food‑energy‑water nexus: A
review of food waste management alternatives

[86] Waste Management 2018 158 26.33
Food‑energy‑water (FEW) nexus for urban sus‑
tainability: A comprehensive review

[54] Resources Conservation and
Recycling 2019 151 30.2

The food‑energy‑water nexus: Transforming sci‑
ence for society

[87] Water Resources Research 2017 148 21.14
Sustainability in the food‑energy‑water nexus: Ev‑
idence fromBRICS (Brazil, theRussian Federation,
India, China, and South Africa) countries

[88] Energy 2015 117 13

An urban systems framework to assess the trans‑
boundary food‑energy‑water nexus: implementa‑
tion in Delhi, India

[89] Environmental Research Let‑
ters 2017 94 13.43

A food‑energy‑water nexus approach for land use
optimization

[90] Science of The Total Environ‑
ment 2019 90 18

of citations per article grew from 3.63 in 2016 to 44 in
2018, disregarding the years with fewer articles (2015
and 2016). The number of authors is growing equally
from 1 in 2015 to 236 in 2021, with the average number
of authors per article of 4.72. Figure 5 shows the num‑
ber of citations and publications from 2015 to 2023.

Hence, these features show that the FEW nexus
is a hot‑spot research ϐield with great interest from
academia and experts.

5.2. Countries Mapping

Some countries have devotedmore attention to the
new research approach than others. The development of

overlay visualizationswas to assist researchers in visual‑
izing countries committed to FEW nexus optimizations.
The unit of study was on countries; while bibliography
coupling was based on the method of analysis. Five
were set out as a country’s threshold requirement for
this paper, and 57 of the 103 countries met the thresh‑
olds. Most of the citations were found in the US, record‑
ing 12,608. The next country was the UK, with values
of 6,101 citations; while Germany and China recorded
4,521 and 4,154 citations, respectively. Similarly, the US
had the most published articles accounting for 355 pa‑
pers, seconded by China, which recorded 224 articles.
The UK and Germany recorded 157 and 95 articles, re‑
spectively. A country’s impact in advancing the recent re‑
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search ϐield is based on the number of articles published,
overall link strength and number of citations recorded.
The overall strength of the correlation portrays the ex‑
tent to which the published articles of a certain nation
impacted the published articles of the other nations cov‑
ered in this research. As a result, the under‑listed coun‑
tries were regarded to possess the most effect on FEW
nexusoptimizations. Figure6presents the countries’ re‑
lationships and overlay visualization of countries linked
by citations. The size of the circle shows the country’s
commitment to the area. Moreover, the overlay graph de‑
picts that the nationswith the highest contributionwere
more prominently featured.

Figure 5. The number of citations and publications from 2014
to May 2023.

Figure 6. Density visualization among countries in food‑
energy‑water inϐluence.

The research trends in Figure 6 describe that from
2018 to 2020, FEW nexus optimizations were studied
mainly by countries such as the New Zealand, UK, Egypt,
Australia, India, Mexico, South Korea, France, Japan and
the Netherlands. However, the top three countries in

recent research interest from 2021 to 2023 are the US,
China and Germany, with total link strength recorded as
327, 187 and 146, respectively. This graphical illustra‑
tion of the contributing nations will support prospective
researchers in creating scientiϐic relationships, building
mutual project collaborations, and participating in fresh
methods.

5.3. Keyword Mapping

The keywords are indispensable in research areas
because of their support in recognizing and delibera‑
tions on the subject being researched. In this article, key‑
words analysis was studied, and the “kind of analysis”
was found as “co‑occurrence”; while the “unit of analy‑
sis” was ascertained as “all keywords”. A threshold num‑
ber was limited to 50 times to ensure that no keywords
were utilized less than 50 times. Because of these lim‑
itations, it was noticed that only 135 out of a total of
2581 keywords passed the threshold for inclusion. The
result depicts the frequently occurring keywords: water,
food, energy, nexus and climatic change. The network
of visualization of the co‑occurrence of keywords is pre‑
sented in Figure 7, with their correlation with one an‑
other. Even though the keyword node location shows
how frequently a word occurs in articles, the size also
indicates the frequency of occurrence in those articles.
Moreover, the result depicts that some keywords have
larger nodes than others, showing their relevancy in the
food–energy–water nexus research area.

According to the network analysis in Figure 7, the
term “optimization” is not a focal point from the pri‑
mary keywords gathered. The result shows that the idea
of FEW nexus optimizations remains under‑researched.
Also, from the result obtained, the predominant study ar‑
eas are “water‑energy nexus” or “energy‑water nexus”,
“food‑energy‑water nexus”, and “water‑food”. Due to the
FEW‑centred trend inmost research, some scholars have
condemned that the network’s recent examinations are
inadequate and subdivided. The study on energy‑water,
water‑food or food‑energy alone weakens the authentic
plan of advancing speciϐic interdisciplinary viewpoints
to succeed in traditional areas. The decision has been
reached that different keywords could be clearly differ‑
entiated in the network to show their co‑occurrence in
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various research works. Hence, Table 3 shows the co‑
occurrence analysis of clusters of keywords.

Figure 7. Network visualization describing the relationship
among keywords in the food‑energy‑water nexus.

The prevailing keywords emerge in the red clus‑
ter and occur as the highest number of keywords, com‑
prising 15 keywords. As a result, this cluster produces
an area with the highest research concentration in FEW
nexus optimizations.

5.4. A Nexus Optimization Approach

As development continues to spin around the
world, an effort is needed to uphold the nexus genera‑
tion based on community study with the government,
private sectors, municipalities and scholarly. Nexus‑
based studies may generate new perceptions into possi‑
ble deals and alliances of investments in infrastructure,
guidelines, or reserve management opportunities.
5.4.1. Accessibility to Water Quality and

Energy Application in Rural Agricul‑
tural Sectors

One of the essential and prospective research areas
comprises cost evaluation, techno and socioeconomic
advantages of fresh drinking water analysis and its cir‑
culatory set‑up, and water waste administration. Pro‑
viding solutions caused by poor water quality on soci‑
etal health remains a serious global concern, and nexus
agendas can provide the main perception. The cur‑
rent water quality challenges are better accountable to

the ground and surface water systems by water testing,
which could aid in future examination by administrative
or scientiϐic involvements. The beneϐits of the perspec‑
tives obtained through the FEWnexus system and future
advancement could enhance access to reliable and safe
drinking water, particularly by encouraging residents
on hygiene and community health programmes in ru‑
ral settings. These aims are obtainable through organiz‑
ing agricultural policing with an energy and water ad‑
vancement agenda and encouraging the accountable uti‑
lization of pesticides and fertilizers to avoid extra water
pollution. This promotes ϐinancial inducements to re‑
liable water organization, changes water‑concentrated
technologies with competent ones and controls the re‑
lease of unprocessed industrial wastes. Moreover, sys‑
tems modeling that connects hydrologic simulation de‑
vices that attract the spatiotemporal supply of water
through ϐinancial means that reproduce the prices and
advantages of water distributions can be utilized to as‑
sess socio‑economic effects through a series of freshwa‑
ter treatment remedies. Such contexts can likewise re‑
produce energy‑linked charges and necessities of wa‑
ter treatment and supply organizations that help in in‑
stalling modern energy projects such as the present re‑
newable energy development strategies.

5.4.2. Irrigation and Energy Accessibility
Access to irrigation and energy could be another

main nexus approach in reaching smallholder farmers
in rural areas to enhance their livelihood. While the
total volume of water on the earth’s surface is about
70%, the yearly spatial supply of the resources can re‑
strict chances of increasing the means of crop irriga‑
tion. Additionally, smallholder farmers may possibly
have no ϐinance to advance in farm‑ or public‑based ir‑
rigation distribution systems, including ground or sur‑
face water drainage or storage facilities. To this end,
international collaborations could aid investors in com‑
prehending the possible ϐinancial worth of increasing ac‑
cess to irrigationwhile pondering the prospective prices
of abridged water availability and the energy needs of
aforesaid schemes. A combined examination may as‑
sist in recognizing critical spatial areas for energy sus‑
tenance and access to irrigation. Such reserves are pos‑
sibly a signiϐicant adjustment in climatic change mech‑
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Table 3. Clusters of keywords co‑occurrence mapping.
Colour of
Clusters

Selected Keywords Number of
Keywords

Comments

Red bibliometric analysis, bioenergy, bioenergy, biofuels, car‑
bon footprint, decision‑making, energy efϐiciency, food
waste, food‑energy‑water nexus, network analysis, opti‑
mization, optimization model, sustainability, water foot‑
print, water resources, water stress

15 The interest of the researchers is highest in the
ϐield of FEW nexus optimization

Green climatic change, energy security, food security, renew‑
able energy, sustainable development, water scarcity,
water security

7 The interest of the researchers is highly focused
on the ϐield of FEW nexus optimization

Blue agriculture, ecosystem, energy, food, hydropower, water 6 Researchers focus moderately on the ϐield of
FEW nexus optimization

Yellow biomass, integration, sustainable development 3 The interest of researchers is less in the ϐield of
FEW nexus optimization

Pink food‑energy‑water, nexus approach, transdisciplinary 3 The interest of researchers is less in the ϐield of
FEW nexus optimization

Light blue policy integration, security 2 The least interest is observed from the re‑
searchers in the ϐield of FEW nexus optimiza‑
tion

Orange nexus, water‑energy‑food 2 The least interest is observed from researchers
in the ϐield of FEW nexus optimization

anisms for agriculturists, though more studies are re‑
quired to help categorize structural reserves and rules.
5.4.3. The Effects of Renewable Energy

Presently, the world is striving for energy acces‑
sibility through renewable energy development strate‑
gies, and more study is required to comprehend how
the aforementioned plans can relate to food or water
distributive schemes. Increasing means of energy may
enable irrigation growth, reducing worries regarding
the security of local food; while intensifying agriculture
might increase the concerns for quality water. Moreover,
rules beneϐiting biomass or biofuel electricity as a rem‑
edy from renewable energymight add extra pressure on
the execution of agriculture in the global communities,
which may perhaps worsen local water rivalry. Systems
modeling and involvementwith local stakeholders could
assist in comprehending and analyzing thesemain nexus
networks and balances.
5.4.4. Enterprises and Encouragements in

Local Regions
The local communities are always neglected

whenever opportunities and creativity are demanded.
Presently, few or no authorized FEW nexus enterprises
exist in local communities. The National Action Plan for
Climate Change (NAPCC) was the closest initiative re‑
ported in Spanish and established in conjunction with
non‑government and governmental organizations to

organize diligence on climate change adjustment and
moderation for effective utilization of food, energy, and
water topics. Although there was no clarity of policies
that indicated the FEW nexus, but it rather identiϐied
the networks of connectivity existing in each ϐield. Sim‑
ilarly, the FEW nexus enterprises in the local region
that was backed up by the Deutsche Gesellschaft für In‑
ternationale Zusammenarbeit and the European Union
formed the Caribbean and Latin American unit in al‑
liance with the Economic Commission for Latin America
and the Caribbean (ECLAC) to grow healthy conversa‑
tion relating to FEW nexus challenges in local policies.
Furthermore, ϐiscal and ϐinancial encouragement might
be another requirement to kickstart investigations on
enterprises and related schemes to nexus matters. Gen‑
erally, study approaches that concurrently discourse the
nexus might assist in forming plans that solidify the re‑
silience of the FEW nexus in the global community.

5.5. Optimization Analysis

5.5.1. Food Optimization for Sustainable
Development

The frequent challenges in food have led to sug‑
gestions to stop the additional increase of land utilized
for agriculture and to grow products on lands where
crops underachieve while advancing the resource con‑
tribution capability, such as adding fertilizers and ir‑
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rigation process [91]. Also, food mutilation and misuse
should be on the decrease to grow for food utilization
ratio and a change in interest by shifting from meat
consumption to generating additional food for societal
use while the crops are utilized for livestock consump‑
tion [92]. Meanwhile, Keating et al. have arranged the pro‑
posals in 14 so‑called “food wedges” in groups of activ‑
ities to justiϐiably accommodate the demand for food
predicted for 2050, organized into three major sets [93].
However, these three sets are “reducing food demand”,
including meat demand and overfeeding, decreasing
misuse, and moving biofuels to renewables without con‑
tending with food. The next is “ϐilling the production
gap”, such as an increase in supply, productivity and pro‑
ϐiciency, and ϐinally “reducing wastes in generation pos‑
sibility”, for example, conservation against dilapidation,
dangers to supplybyvirus and resistance, and inϐluences
of climate changemoderation [93]. Figure 8 shows a clas‑
siϐication in the food sector for a required sustainable
transformation.

Figure 8. The six essential development revolutions towards
sustainable food sector [91].

Moreover, in 2016, the Global Network Against
Food Crises collaborated with humanitarian and devel‑
opment to stop, formulate andproffer solutions to global
food crises. This association tries to decrease suscepti‑
bilities related to severe hunger, attain food security, en‑
hance nutrition and encourage sustainable agriculture
and food systems, using a 3 × 3 approach as presented
in Figure 9.

This method includes working at the global, re‑
gional and national levels to sustain collaborations
within the present systems and optimize support, policy‑
making, strategy, and programming using a measurable

approach.

Figure 9. The 3 × 3 method to addressing food challenges [94].

5.5.2. Energy Optimization for Sustainable
Development

Energy systems are complicated structures where
the generation and consumption should be harmonized
in a well‑organized method. This is because there are
several energy sources, and only a few transformation
technologies are available for their development. For
energy sustainability, the means for diffusing renew‑
able energy resources should be regarded as a top pri‑
ority. Several research works were executed in power
systems deliberating on the wind, natural gas and so‑
lar as a means of power supply. Komušanac, CƵosić and
Duić  [95] analyzed the effect of more solar PV produc‑
tion and wind inϐiltrations on the nation’s load power
system research in Croatia. The result depicted a high
share of wind power plants and installed solar PV ca‑
pacity of 1.65 GW and 1.6 GW, respectively, as means
of sustainability. Similarly, Zeng et al.  [96] executed a
ϐixed‑state combined electric power system and natu‑
ral gas with reversing energy transformation. The pro‑
jected system was authenticated/ established by IEEE‑
9 assessment with the 7‑node natural gas system. The
ϐindings were convincing, and the correctness was sat‑
isfactory. Additionally, the time series of power load
and wind power is utilized to examine the moderation
result of the combined energy network. Eventually, the
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impact of power demand and wind power on the Power
Gas output and gas‑ϐired energy production has likewise
been examined. Prebeg et al.  [97] studied the long‑term
energy development of Croatian power systems through
multi‑purpose optimization concentrating on renewable
energy and electric vehicle integrations. In another de‑
velopment, Falke et al.  [98] studied a multi‑purpose ad‑
vancement and simulation approach to build a large‑
scale circulated energy network with over 100 houses.
The established system is used in a region of an average‑
sized town inGermany to examine the impacts of various
productivity analyses concerning full prices and releases
of equivalent carbon (IV) oxide (CO2). With the Pareto‑
efϐicient techniques, technologies and proϐiciency solu‑
tions that can contribute more resourcefully to decrease
greenhouse gas releases are recognized.
5.5.3. Water Optimization for Sustainable

Development
The means to safe water, cleanness, and sanita‑

tion remain themost fundamental humannecessities for
well‑being and healthy living [99]. It is predicted that
billions of human populations will have a scarcity of
water supply in 2030, unless improvement quadruples.
The demand for water is increasing because of urbaniza‑
tion, rapid growth in population and growing water de‑
mands from energy, industry and agriculture. Figure 10
demonstrates the effective water utilization by the three
major sectors: energy, industrial and agricultural.

Figure 10. The global effective water uses by the energy, in‑
dustrial and agricultural sectors.

To attain the global supply of consumable water,
hygiene and sanitation by 2030, the present tolls of

growth would require to intensify four times. As a re‑
sult, accomplishing these goals would save 829,000 in‑
habitants yearly, whose deaths might result from ill‑
nesses directly caused by unclean water, insufϐicient hy‑
giene and poor sanitation exercises. However, to has‑
ten the energies employed in encountering water secu‑
rity problems, the United Nations General Assembly pro‑
nounced 2018–2028 the Water Action Decade for Sus‑
tainable Development (WADSD). This agrees with and
matches the 2030 Programme for Sustainable Develop‑
ment Goals (SDGs 2015–2030). This agenda is noticed
half‑way into the Water Action Decade and the SDG pe‑
riod, this account—startedby theUnitedNationsUniver‑
sity Institute for Water Environment and Health (UNU
IWEH), theUN’s simply deliberate tank onwater—offers
an initial measurable international evaluation that esti‑
mates the condition of water security for 7.78 billion in‑
dividuals across186 nationals.
5.5.4. Food‑Energy‑Water Optimization for

Sustainable Development
It has become imperative that one of the agenda

in international research organizations is to optimize
FEW by growing the food supply as well as access to
energy and water to revitalise the rural people out of
poverty [100]. In line with this aim, they have funded en‑
ergy and water for rural inhabitants, majoring in ineffec‑
tive utilization and dilapidation of resources.  With re‑
gard to state programmes for socio‑economic growth in
rural communities (by funding energy and water), it is
important to conϐirm that the resource base is continued,
greenhouse gas releases are controlled, andwater‑borne
diseases are checked. Therefore, international bodies
are deliberating on the food, energy and water nexus—
which discourses the relationship between the three es‑
sential resources to improve daily incomes and encour‑
age socio‑economic growth—when undertaking devel‑
opment activities [101]. This is frequently delayed by the
fact that various administrative agencies control these
resources. However, integrated concerned agencies are
trying to strategize and devise progressive schemes, but
these plans are usually not viable in the short tomedium
term. Therefore, it is necessary to ϐigure out themethods
to optimize the effectiveness of these three resources.
The following possibilities are suggested for FEW opti‑
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mizations:

• Governments and development ministries should in‑
tegrate food, energy and water in their scheduling for
socio‑economic expansion.

• Executive bodies for food, energy and water should
ensure a close relationship with higher authorities,
including the economics or developmental depart‑
ments, whichmight have a broader knowledge and or‑
der.

• Implant the common food, energy and water ethics
into plan design and application.

• While developing fresh projects, it is necessary to
analyse methods to combine the present government
enterprises with the fresh project. For instance, as‑
sume a government parastatal is eager to develop
high‑voltage distribution systems to reduce outϐlows
and supply dependable electricity to farmers to sup‑
ply groundwater. Therefore, supplying constant elec‑
tricity will release farmers’ worries about irrigat‑
ing crops. The farmers will as well supply water
above revitalize to the aquifer, causing unmaintain‑
able groundwater utilization. Nevertheless, if a high‑
voltage distribution system is integrated with drip ir‑
rigation and optional irrigation facilities, water and
electricity will be applied professionally and sustain‑
ably.

5.6. Aftermath of COVID‑19 on the Food‑
Energy‑Water Nexus

The outbreak of COVID‑19 has had a huge impact
on the FEW nexus and interrupted the balance between
the food, energy and water sectors [102]. The effect can
be categorized into direct and indirect impacts [103]. Di‑
rect impacts began from the consequences of circulation
or infection of the virus into food and water supplies;
whereas indirect impacts originated from environmen‑
tal and socio‑economic consequences of lockdown mea‑
sures [103]. Following the inception of the outbreak, there
was a notable surge in water usage because of sensi‑
tive hygiene necessities, like sanitation efforts and hand‑
washing associated with COVID‑19 treatment materials
and fumigation of containment areas [104]. The increase
in water consumption extended to both domestic and

medical sectors, reϐlecting a change in water demand
patterns compared to pre‑outbreak levels [105]. This up‑
surged the consumption in water resources was as a re‑
sult of the lockdown brought by stay‑at‑home and recre‑
ational activities such as gardening  [48]. On the other
hand, industrial water consumption reduced meaning‑
fully because of postponed processes within lockdown
measures [105]. The energy sector experienced the same
challenges, with unstable demands perceived as an in‑
stant effect of COVID‑19 [106]. Previously, the indus‑
trial sectors were mostly in control of the increased de‑
mand of electricity. Hence, industrial closures resulted
in a large cut in electricity demand, though global en‑
ergy demands ϐinally recovered as lockdown limits re‑
duced to arouse industrial and economic activities [107].
Similarly, the pandemic affected the renewable energy
sector mostly because of the interruption of incentives
and subsidies [107]. Agricultural sectors faced interrup‑
tions in food accessibility and distribution, particularly
for marginalized populations in rural areas [108]. Ac‑
cording to studies, COVID‑19 left local inhabitants un‑
der critical socioeconomic pressure due to their lim‑
ited access to native food sources [109, 110]. Notwithstand‑
ing, global food consumption upsurged during the out‑
break, intensifying inequalities in food access and dis‑
tribution [111]. Movement limitations caused undesir‑
able effects on farmer livelihoods, employment, and lo‑
cal incomes, additionally deepened by interruptions in
agricultural exports [112]. These interruptions triggered
across the food supply chain resulted in wastage and
shortages. Besides, the COVID‑19 outbreak interrupted
advancement towards attaining the SDGs, mostly those
connected to food security (SDG 2), water resources
(SDG 6), and energy resilience (SDG 7) [113]. The inter‑
connection of the FEW nexus with SDGs emphasizes the
extensive effects of the outbreak on global sustainability
efforts.

6. Conclusions, Recommenda‑
tions and FutureWorks
The present systematic review shows that up till

now, the study in FEW nexus optimizations remains at
an early stage, without an exertedmethod for solving the
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challenges encountered. This article was systematically
reviewed, focusing on data retrieved from ScienceDirect,
Scopus andWebof Science databases. During the screen‑
ing and review process, 258 published papers were re‑
tried fromWebof Science, 355 papers came fromScopus
and 50 articleswere procured fromScienceDirect. Publi‑
cations from theWeb of Science revealed that only 66 pa‑
pers were review articles, none of which clariϐied the op‑
timization of the FEWnexus. In addition to the scant cov‑
erage of this review paper, several authors addressed
themes and topics within the FEW nexus frameworks
and neglected optimization. Although therewere few re‑
view articles, the number of citations and publications
for FEW nexus has steadily improved over the period.
Many articles concentrate on the subject categories of
environmental sciences, which record 64.831%, green
sustainable science technology accounting for 21.61%,
and water resources recording 17.797%. The number
of citations increased nationally, with the US as themost
productive country recording 12,608 citations. The UK
andGermany are next, accounting for 6,101 and 4,521 ci‑
tations, respectively. Meanwhile, the US, China, and the
UK recorded 355, 224 and 157, respectively, as the high‑
est number of papers published. The result shows that
research collaborations among countries and organiza‑
tions are gaining widespread interest. The studies of‑
ten cited articles andkeywords that discovered the study
hot spots and trends. Therefore, with this growing re‑
search focus on the FEWnexus, it is recommended that a
better and complete knowledge of its challenges globally
should be established, for instance, how to concurrently
discourse challenges in water quality and distribution,
enhance the security of food through extended means
of irrigation and supply stable electricity in local sec‑
tors. These will need “systems‑focused” methods that
clearly identify important networks between segments.
The integrated tactics regularly disclose interactions or
imperfections in or even upset conservative understand‑
ing about relationships between food supply, water re‑
sources, and energy generation. Consequently, they pro‑
vide more knowledge of policy‑making and generate in‑
genious results. The recent COVID‑19 outbreak has had
a huge effect on food security, energy resilience, and wa‑
ter resources. Hence, the harmful effect of COVID‑19 on

the food, energy, and water sectors forced restrictions
to be implemented, andwater sectors forced restrictions
on the realization of the SDGs.

Thus, with developments in machine learning, sim‑
ulation and data analytics methods, future research
works could emphasize incorporating these technolo‑
gies to optimize the food‑energy‑water nexus. This
could comprise advancing predictive models to better
address complex interactions and optimize resource al‑
location.
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