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The energy-water-food nexus has increasingly drawn the attention of studies due to concerns about the
future security of energy, water, and food and the inherent and undeniable relationship among them.
Lack of knowledge of such systematic thinking will have unpredictable and conflicting results. In this
paper, the definition and concept of the nexus as well as the impact of external factors on these systems
in two physical and social categories were investigated and analyzed from different perspectives. Also,
the empirical studies conducted on the energy-water-food nexus system at various scales were reviewed.
Finally, the prospects and challenges of the energy-water-food nexus were fully examined. Each of the
mentioned issues is a challenge in evaluating the sustainability and resiliency of a nexus system. The
presence of different dimensions and aspects of evaluating a system such as economic, environmental,
and sociological dimensions to evaluate the nexus system performance can also be challenging. © 2021
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1. INTRODUCTION

Based on the predictions, the global demand for water, energy,
and food in 2050 will be 50 percent higher than that in 2015 due
to population growth, urbanization, and climate change. This
issue has caused significant pressure and sensitivity on available
water, energy, and food systems in many parts of the world. The
important point on the mentioned issue is that water, energy, and
food are interconnected. For example, severe drought caused
by climate change due to the increasing water supply tension
can lead to significant problems in the area of food security and
energy [1, 2].
According to statistics provided in the United States, about 3 to
4 percent of all used electrical power is related to water distribu-
tion systems, water treatment plants, and sewage installations.
About 80% of total electrical power is used for pumping and
distributing water and about 20% of it is used in sewage installa-
tions. Also, the services related to the provision of the drinking
water and the sewage applications include the largest part of
the energy consumed by municipalities, accounting for 30 to
40 percent of total energy consumed. The water and electrical
power systems have traditionally been considered as two sep-
arate systems. However, when these systems are investigated
from the energy point of view, they are interdependent [3].
We need water for mining, producing fuel and hydroelectric
power, cooling of power plants, collecting, treating and discharg-

ing of wastewater, and generally meeting the energy require-
ments. Hence, in today’s economy, energy, and water are highly
interdependent [4, 5].
The relationship among water, energy, and food is undeniable
and the availability of sufficient water resources has a significant
impact on the availability of energy and food resources. Energy
and electrical power generation activities are affected by the
quality and availability of water. Under these conditions, the
concept of the energy-water-food nexus was comprehensively
developed for investigating the global resource systems and
management. Such systematic thinking is very valuable, since
lack of knowledge on the relationship among these three sectors
may lead to unpredictable and conflicting results [6, 7].
In the following, in Section 2, the definition and concept of the
nexus are fully analyzed. Also, in Section 3, the empirical stud-
ies on the energy-water-food nexus are reviewed. The future
challenges and prospects in the area of energy-water-food nexus
are discussed in Section 4 and the conclusion of the study is
presented in Section 6.

2. CONCEPTS OF NEXUS

The nexus’s popularity dates back to the World Economic
Forum in 2008 when global challenges related to economic
development were identified from the perspective of the energy-
water-food nexus. Various definitions and interpretations have
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been introduced for the nexus by different organizations and
authorities [8].
various aspects such as the interdependent physical and
chemical processes, the relationships between input and output,
the interactions among different institutions and organizations,
infrastructure, economic issues, and so on. The important point
from the security point of view is that a problem and a failure
in one sector have caused disruption and pressure in the other
two sectors, indicating the importance of having comprehensive
management across different sectors.
In short, the recent definition has focused on the interactions
among different sectors of the nexus, and the general character-
istics of the system are explained by the interactions among its
various components.
Fig. 1 illustrates the relationship and interaction among different
sectors of a nexus.
In another definition, the nexus is defined as an analysis-based
approach that determines the relationships among different
sectors of the nexus such as energy-water-food nexus. Different
views have been proposed by different individuals and sectors
on this definition. For example, Reference [11] argues that the
nature of the nexus is for resource recovery and uses other
resource products to improve system performance. Reference
[12] argues that the relationships among the different sectors of
the nexus are so large that they cannot be examined only from
one aspect and must be evaluated from different aspects.
Despite the different interpretations and definitions, it can
be briefly stated that in a nexus system with an integrated
management among different sectors (that were previously
managed independently), we seek to cut the operating costs and
increase the sustainability of each sector.
There are different research approaches on the energy-water-
food nexus. However, many factors such as goals, data
availability, scales, and so on are crucial in selecting these
approaches. As illustrated in Fig. 2, there are also specific
research approaches and priorities for each scale of the nexus.

 

Wind
Solar

Thermal

Gasoline
Diesel

Natural Gas
LP Gas

ENERGY

WATER

Water Quality

Water Quantity

Population and 
Demand Growth

FOOD

Climate Change CO2

Transportation
Harvest
Tillage

Pumping
Irrigation
Fertilizer 

production

Nutrient runoff
Crop water demand

Need for proper 
nourishment and food 

security
Water&Food for life

Th
er

m
al

 co
ol

in
g

Po
w

er
 d

em
an

d 
fo

r t
ec

hn
ol

og
y

Fig. 1. Interaction among different sectors of a nexus

3. THE IMPACT OF EXTERNAL FACTORS ON THE
NEXUS

Several external factors can have great impacts on the perfor-
mance of the nexus, which is mainly regulated under certain

conditions. External factors that can affect the nexus are
generally divided into physical and social categories. Fig. 3
illustrates this classification clearly.
Climate changes, as well as natural disasters, can have an
impact on the process of production of energy, water, and food.
These factors are physical factors related to the nexus.
References [13] and [14] have shown that climate change
and events such as drought and floods have a very negative
impact on agriculture due to their changes in water availability.
Reference [15] has shown the negative impact of climate change
on energy production.
Areas with warm climates due to the need for high water
consumption and areas with humid climates due to a greater
potential for agriculture have separate impacts on the nexus [16].
Due to reduced access to water in areas where water evaporation
level is high, electricity production through hydroelectric power
plants as well as irrigation of agricultural areas is affected [17].
In investigating the social factors affecting the supply nexus, the
focus shifts from supply to demand. Changing people eating
habits and patterns can have a great impact on water and energy
consumption [18]. The development of technology and the
presence of rules and policies in an area can have a great impact
on the nexus. Reference [19] shows that changes in rules of the
agriculture sector occurred with the aim of declaring a lack of
need for the production of agricultural crops that have greatly
reduced groundwater resources in an area in China.
In investigating the external factors affecting the nexus, we can
provide another classification of them based on the time of their
occurrence. Severe climate changes and natural disasters can
cause significant changes in the nexus system.
Reference [20] suggests that the level of electricity generated
by a hydroelectric power plant in southwestern Europe has
reduced by 40% due to drought. Comparing the governing
conditions of different years, reference [21] has shown that
increasing demand for cereals due to population growth
requires more land and water use, while climate changes
threaten the availability of groundwater and surface water
resources seriously.
Reference [22] has shown that an increase in temperatures due
to climate changes over the last few years have resulted in more
energy consumption in the southwestern United States. These
factors play a key role in agriculture. Investigating a nexus
system in Mauritius, reference [23] has shown the impacts of
decision-making about the development of biofuels to maintain
energy security and reduce greenhouse gas emissions on the
nexus. Investigating a nexus system is crucial to realize to
what extent the nexus system can continue its normal function
or return to its normal function in the shortest possible time
after the occurrence of an external event. This issue, known
as system resilience, is one of the crucial issues that should be
addressed by researchers in relation to the nexus system for
better management of the system [24–26].

4. THE EMPIRICAL RESEARCHES ON THE ENERGY-
WATER-FOOD NEXUS

In addition to different arguments on the nexus, analyzed in
the previous section, empirical studies are also increasingly per-
formed at different nexus scales. Besides the energy, water, and
water sectors, the nexus includes other sectors such as Earth and
the environment.
Investigating an energy-water nexus in the United States, Refer-



Research Article Journal of Energy Management and Technology (JEMT) Vol. 6, Issue 1 11

 

Investing impacts of consumption 
patterns and economic activities

Improving food/energy/water 
security given water-energy-food 
nexus

Climate change impacts and 
mitigation policy assessment and 
design

Ecosystem or sustainability valuation 
to help decision making

Investing trade-offs underlying 
supply chains of water, energy, 
and food

Improving food/energy/water 
security given water-energy-food 
nexus

Climate change impacts and 
mitigation policy assessment and 
design

Demonstrating impacts of 
consumption patterns and economic 
activities

Promoting coherence in policy-
making

Manifesting nexus issues 
inherent in urban metabolism

Investing trade-offs underlying 
supply chains of water, energy, 
and food

Improving resource use 
efficiency by resources recycle 
and novel technologies

Achieving long-term sustainability 
by managing trade-offs between 

water, energy, and food.

Manifesting nexus issues 
inherent in urban metabolism

Revealing impacts of household 
uses

Identification of eco-friendly 
pathways to sustained economic 
growth

Improving resource use 
efficiency through resources 
recycle and novel technologies

Global scale National scale Basin scale City scale

Development of integrated system 
modelling tools

Development of integrated system 
modelling tools

Development of integrated system 
modelling tools

Development of integrated 
system modelling tools

Fig. 2. The research priorities for each scale of the nexus

ence [27] has referred to many interactions between the

 

External Factors 

 Climate change
 Resource depletion
 Infrastructures
 Land use
 Pollution incidents
 Extreme weather
 Natural hazards

 User behavior
 Demographics 
 Economic condition
 Urbanization
 Sabotage
 Riot/War
 Politics
 Technical innovation

Physical Social

Fig. 3. The impact of external factors on the nexus

electrical energy and the water distribution system. It has
also minimized the cost of operating the system by knowing
the level of water demand and electrical power price for the
next day and by optimizing the performance of the pumps and
water tanks in a sample water distribution system. Reference
[28] had compared and analyzed the level of water consumed
by urban people in the Netherlands and the level of food
consumed in that city and referred to the existing links.
Reference [29] has proposed a new risk-based approach to the
energy-water-food nexus and showed that water treatment
for non-drinking consumptions can cause an interaction
between water and energy. Reference [30] has examined the
socio-economic link between the energy-water-food nexus at
the urban scale. Reference [31] has evaluated the interactions
between the energy systems and water systems in a nexus
for different scenarios in Hong Kong. Reference [32] has
developed a dynamic model for the energy-water-food nexus
for Beijing city and has investigated the level of its consumption.
References [33–35] have modeled and evaluated these systems
in various countries from Asia, Africa, and Europe, given the
importance of security in the energy-water-food nexus. With a

long-term analysis of environmental indicators related to the
energy-water-food nexus in different countries, reference [36]
has shown the energy-water interaction with food. Reference
[37] investigated different interactions of each nexus sector by
examining an energy-water-food nexus system for an area of
Taiwan. Developing an energy-water nexus in Turkey, reference
[38] tried to investigate its social, economic, environmental,
and political outcomes. Reference [39] uses a set of analytical
methods to describe the input-output relationship between
electrical energy and water in an energy-water nexus. In
reference [40], the relationship between water and electrical
energy in an energy-water nexus to cut the costs related to
desalination plants and hydropower plants was investigated.

5. CHALLENGES AND FUTURE PROSPECTS

The studies conducted on nexus have provided a promising
perspective for energy-water-food interaction from various
aspects [41, 42]. However, the present studies suffer some
limitations, which can be divided into four areas, includ-
ing system boundary, data and modeling uncertainty, nexus
mechanism and system evaluation. Fig. 4 shows the recent issue.

A. System boundary
Determining the system boundary is important in performing
the nexus analysis. Different definitions of the system boundary
yield different results. Difficulty in defining the system bound-
ary is related to the way of selecting an appropriate system
boundary, since selecting

a small boundary may destroy some of the important links
of the nexus [43].
Also, by selecting a large boundary for the nexus, more
processes are included in the nexus system, so more data and
hypotheses and a better understanding of the processes are
needed to create a nexus model. In addition, it is very difficult
to extract and synthesize valuable information from different
sectors due to their interaction, since nexus boundary varies
from resource management units to administrative boundaries.
As a result, selecting the right system boundary for the nexus is
crucial and requires further research.
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It has been highly accepted that the definition of system
boundaries should be based on the research objectives and
data availability [44]. It should also be noted that the energy-
water-food nexus can go beyond the boundaries of its system.
For example, following the research conducted on the urban
nexus in Beijing, it was recommended to consider the significant
effects of upstream activities such as water consumption outside
of the city on the urban metabolism beyond the boundaries of
the system [45].

B. Data and modeling uncertainty
On the global scale, the nexus studies focus more on the
impact of climate change on agriculture and access to water.
At the national scale, more attention is paid to the issues of
resource security as well as their environmental impacts under
different policies. However, the studies conducted on the
energy-water-food nexus at the domestic level focus more on
the behavioral factors.
The issues of different studies require different data. With
increasing the system scale, the concerns on the economic and
social data will be more. The presented reports and data have
usually a different quality [46]. The way of access to them
is also different since each of them is presented by different
sectors with different goals and standards. As a result, the use
of these data causes more uncertainty in nexus studies. The data
collected at a larger scale are not suitable for use in small-scale
studies. For example, this case in the studies related to climate
nexus provides more uncertainty in the final results [47].
In most studies related to nexus research, hypotheses and
simplifications are used to compensate for the data shortages.
Although they help to overcome some data shortage problems,
they can lead to changes in the final results in interactions
among different sectors of the nexus. Also, in the models that
are composed of different sectors such as energy, economy,
product, and water, it can lead to uncertainty ranging from
model inputs and structure to scenario hypotheses.
To solve the problems mentioned above, efforts should be made
to improve access to data in the studies conducted on the nexus.
Also, some measures such as data monitoring and collecting,
data processing, and analysis of sources of uncertainty should
be taken.
Recently, the use of new technologies [48], such as "remote
sensing sensors" [49], has played a significant role in data

provision. Also, the use of new techniques such as "machine
learning", "cloud computing" [50], "Geographic Information
Systems" [51], "correlation analysis", etc. accelerates the data
collection and improves the analyses. The combination of
techniques proposed for collecting and analyzing the data in the
future can yield promising results.

C. Nexus mechanism

Most studies conducted so far have focused on supply chain
and increasing the efficiency of using the resources of different
sectors of the nexus. Hence, considering chemical, physical,
and biophysical processes in different sectors of the nexus is
essential [52].
The compilation of the nexus-specific models is essential for
a better presentation of the nexus systems. The nexus model
must be flexible enough to support the addition of modules
and facilitate the analysis at a different time and spatial scales.
Such models that can combine the quantitative data with the
qualitative data are essential to reduce the extensive need for
data during modeling.

D. System evaluation

One of the requirements of this research is better management
of the energy-water-food nexus in order to expand sustainable
development under the changing conditions. System evaluation
is essential to understand the stability and performance of
systems in the long term and the variable environments. In the
nexus systems, resilience and sustainability not only depend
on each sector of the system individually but also on the
relationship among different sectors, since the change in one
sector of the nexus can affect other sectors. It should be noted
that the indicators used to evaluate each sector of the system
may not be appropriate for the whole system [53].
Each of the mentioned issues is a challenge in evaluating the
sustainability and resiliency of a nexus system. Different aspects
and dimensions of evaluating a system such as economic,
environmental, and sociological dimensions to evaluate the
performance of the nexus can also be challenging [54].

6. CONCLUSIONS

Energy, water, and food, as the three main sources of human
society, have an intrinsic relationship with each other. The
availability of sufficient water resources has a significant
impact on the availability of energy and food resources. The
power generation activities are affected by the quality and
availability of water. Under these conditions, the concept of
the energy-water-food nexus was comprehensively developed
for the study of the global resource systems and management.
In this paper, different definitions and interpretations of
the nexus were analyzed and the research priorities in this
regard were also examined. Different empirical studies of
the energy-water-food nexus at various scales were reviewed.
Future challenges and prospects for the energy-water-food
nexus were fully investigated in the four sectors of the system
boundary, data uncertainty and modeling, nexus mechanism,
and system evaluation.
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