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ABSTRACT
Water, Energy, and Food sectors are interlinked in a nexus wherein actions relevant to one sector
can often influence other sectors to a high degree. Globally, there has been a growing focus on
ensuring water, energy, and food security in different kinds of frameworks and models. The
current research aims to describe the complex interlinks between the three sectors by evaluating
the challenges and opportunities in the following domains: policy, management, and technology.
The hypothesis is to provide a basic practice framework to secure better outreach to tackle the
interlinks and mismatches within the nexus elements. The methods used a dynamic framework
through a transdisciplinary team; the team divided the nexus into six sub-sectors and collecting
the primary data through fieldwork interviewing 22 stakeholders and secondary data of 211
literature. The approach of complex adaptive systems and evolving mental models have been
used to analyse and develop the framework. The results show that interlinks within the water,
energy, and food nexus are quite challenging to be identified since each region has different
needs. However, the customized framework covered the gaps holistically, which can be used as
a fundamental practice guideline. The study also proposed practical solutions and highlighting
the opportunities to secure the future of sustainable development goals.
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INTRODUCTION
Water, energy, and food (WEF) resources are vital for organisms to live and thrive—they
are key to nourishing basic living needs. WEF resources are linked to each other as a nexus
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with a domino effect, where the action of one sector often impacts one or both of the other
areas according to the Food and Agricultural Organization (FAO) of the United Nations (UN)
[1]. The global concern about achieving food security while avoiding resource depletion,
particularly in the arid regions, as well as adapting to the rapid population growth and
population displacement around the globe has increased. Hence, the Sustainable Development
Goals (SDGs) were introduced by the United Nations General Assembly in 2015 as a universal
call-to-action for all UN member states to protect the planet by improving the WEF nexus. The
agriculture sector is a major consumer of water. Water is often required as a source for the
production of clean energy. Energy is needed to secure water requirements through pumping,
desalination, and other forms. Energy is also required for transportation and distribution. Hence,
WEF should be evaluated and analysed collectively rather than looking at each area
individually so that long-term sustainable solutions can be fully developed.
Olawuywi [2] developed an institutional challenges profile addressing the WEF nexus
fragmentations in the governance approach. The research was identified in the integrative legal
framework to cover the WEF nexus shortages. The authors examined the legal and governance
aspects and boosted across the WEF sectors. The study recommends improving the legislation
levels and elaborating on the institutional principles within the WEF domains. This approach
would help to increase the legal knowledge and the systemic, integrated governance for the
WEF resources. Siddiqi et al. [3] developed a systematic ,analytical approach based on the
quantitative analysis of water and energy ,identifying the key actors employing the concepts
from stakeholder’s theory that can bridge the inter-organisational networks for water and
energy planning. The research applied an in-depth investigation of water and energy resources
using Jordan in the Middle East as a case study. The results showing that oil shale development
would create new water requirements and new sources might be the desalination of seawater
or more wastewater use to fulfil future demand. The technology development will come with
an opportunity to save water for the agricultural sector and reuse the municipal wastewater to
partially cover the water needs in the energy sector. However, the authors highlighted the
challenges in terms of joint cooperation across different local agencies and private sectors,
suggesting that such coordination can be managed by boundary-spanning agencies, such as
international donors and the Ministry of Planning. Karnib [4] performed a science-based
technology-oriented approach for quantitative assessment for WEF nexus and introduced a
conceptual framework focused on technology. The study has highlighted the importance of the
quantitative assessment and the challenge of a considerable number of interlinked elements
within the quantities and production of WEF nexus. The results show the difficulties of
collecting all of these elements and adopting them with a technology framework to fill the
available gaps. The author was also illustrating the opportunities and practical considerations
for further development.Tashtoush et.al. [5] provided analyzing of the current water, energy,
and food nexus global status, the author used a conceptual framework relay on understanding
the WEF nexus that helps the decision-makers for better informed to secure sustainable
solutions. The study highlighted the relationship between the main nexus elements and the
fundamental of improving the understanding of the nexus function. The results show that the
integration between the WEF nexus elements would guide to achieve the SDGs.Woertz [6]
indicated that the Middle East is the world’s largest oil-exporting region, and due to the huge
amount of food trade imports, they import huge quantities of virtual water. The author assumes
that the quantity of the imported virtual water is equivalent to the balance of river Nile water
in the region. The author praised the expansion of renewable energy production in the Gulf
region, such as Riyadh’s King Abdullah City for nuclear and renewable energy and Abu
Dhabi’s Masdar City hopping to reach 7% share of renewable energies of its installed power
generation capacity by 2020. However, the author emphasises that the three nexus elements are
highly political commodities. Rising [7] studied the challenges of the long-term development
of the WEF nexus, using the integrated assessment models and hydro-economic optimization
models. The results show that the integrated assessment models have weaknesses to identify
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some interlinks, such as the importance of the water infrastructure, the decision-making
implications, and the climate change policies. The study recommends that developing hydroeconomic models would strengthen the WEF nexus analysis. Kibaroglu [8] provided a scheme
for improving the management of the Euphrates-Tigris Basin (ETB) and transboundary water
resources. This scheme provides a basis for long-term strategy creation for decision makers to
reach agreements and cooperation with riparian countries in terms of the nexus areas. The
research highlighted opportunities for Iraq, Syria, and Turkey in terms of food security, energy
production, and the ETB as a valuable water resource. Farid et al. [9] identified management
opportunities of Energy-Water nexus in the Middle East and North Africa (MENA) region.
They proposed adopting a management integration system through four phases: identifying the
nexus for power supply, potable water, wastewater distribution system, and the planning of the
sustainable phase of the energy-water nexus. The research summarised the implications to
identify the opportunities. Rogers [10] performed an intensive study for water security in
relationships governing the food-water-energy-climate nexus, indicating how renewable
energy is reducing the reliance on fossil fuels and highlighted the loss of water used to grow
food. The study shows as well the influences on the imminent challenge of climate change,
where all these transitions have major implications for water security both globally and
regionally. The author shows optimism for the Arab Middle East region, providing a set of
technical fixes such as: developing new water sources, precision irrigation that can save as
much as 50% of water applications at the field level, agronomic research applying Yield-Gap
(YGA) methods of planning for crop and region choices, modernising the food and value chains
and post-harvest losses from farm to fork that can save substantial quantities of water up to 40–
50%, improve regulations like pricing and trading and command the water resource. Alhanaee
et al. [11] compiled data sets and developed a model from the perspectives of nature, human,
and climate to predict interlinks and interactions in the long term. This model would help in
the creation of preventive strategies to confront fundamental challenges, such as rapid
population growth and resource limitation of the WEF nexus, in particular for the Gulf
countries. The research emphasised the cooperation between decision makers and the
community to develop practical solutions to minimise challenges. Wa’el et al. [12] developed
an integrated model to simulate the interlinks between WEF and household consumption. The
authors used primary data based on a field survey of over 400 households during different
seasons in Duhok governorate, located in Northern Iraq. The model includes the estimated
WEF demand, along with organic and wastewater generation, to assist decision makers and
beneficiaries to manage WEF implications. The outcomes showed an agreement with global
scenarios. Lange [13 ]elucidated the impact of climate change on the security of water and
energy in the Middle East and North Africa Region and highlighting the challenges of
population growth, substantial societal and economical transitions, and political instability of
the countries of the region. The author anticipates that in climate change, in particular, the
number of heat waves will exacerbate the challenges in terms of providing sufficient amounts
of water and energy to the region, where the numbers of dry spells will be increased
dramatically. The study emphasised that adaptive strategies for the water-energy nexus must
consider integrated technology. Schlör et al. [14] used an integrated assessment model to study
the heterogeneity of the food-energy-water nexus. Germany has been chosen as a case study.
The study implemented a four-phase approach based on the exponential function of Ridder’s
method to analyse the food-energy-water nexus against the background of the completely
revised sustainable strategy of 2017. The four steps are: A) Interconnections of WEF nexus
between natural resources and the socio-economic system; B) management and modern
political values; C) identifying the framework or the targeted country; D) Integrating
assessment approach where policy process culturally recognised the involvement of learning
the government and society. Albrecht et al. [15] provided a competitive study of the WEF
nexus methods to foster the available approaches and promote analytical methods. The study
reviewed 245 journal articles and book chapters. The results showed some limitations within
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the used methods and highlighted uncommon methods. There was a limitation in the use of
social science methods or in utilising both quantitative and qualitative approaches. The author
recommended deriving four key features of nexus analytical tools: innovation, context,
collaboration, and implementation. They assume that such a complex mixed method should be
incorporated with social and political dimensions of WEF nexus to involve elaborating the
stakeholders and decision-makers. Mabhaudhi et al. [16] presented the WEF nexus evolution
during the last decade to demonstrate the core challenge of the nexus components. Four case
studies were developed to review the WEF constrains and the results were elaborated using the
concept of the SDGs to balance social, economic, and environmental sustainability. Zarei [17]
focused on sustainable development of the Middle East countries and have chosen Iraq as one
of the case studies that shares transboundary river basins with neighbours, such as Turkey and
Iran. The author aimed to investigate the dynamics behind the WEF security concerns in this
region. With WEF insecurity and poor management, the results have shown that the WEF index
for Iraq is 0.65, which is a lower rate compared to its neighbours. The demand is increasing in
line with population growth that could lead to potential conflict over water resources. The
research looked for regional solutions and recommended cooperation at different levels to
maintain the WEF security challenges. Jemmali et al. [18] attempted to examine the dynamic
relationship between food-water scarcity, sustainable agriculture, and climate change. The case
study was in the MENA region covering the period 1990–2016. The study used two dynamic
models and developed the following algorithms: the pooled fixed and pooled random effects
along with the Hausman test for model specification. Three proxies have been implemented,
one for food poverty and two proxies for water scarcity. The main results indicated that lowand middle-income MENA countries need to increase agricultural sustainability without
deteriorating environment and water reserves. Kamrani et al. [19] proposed a framework for
agricultural water distribution systems based on the WEF Nexus concept. An operational
management was developed, adopting a common water shortage scenario; the outcome showed
good results when adopting an automatic control system. The Bayesian Network model has
been used to help the decision makers in evaluating the performance of the system. The
configuration approved that the framework can be employed as a decision support model to
develop the agricultural water distribution systems. Weinthal and Sowers [20] explored the
WEF nexus infrastructure for the Middle East and North Africa and highlighted the importance
of planning for a large scale of water-energy infrastructures to foster development. The author
examined the water-energy nexus impact on the urban and agricultural sectors. The research
demonstrates how the water-energy infrastructure is shaping the security, livelihoods, and
socio-economics in the Middle East and North Africa region. Shannak et al. [21 ] developed a
comprehensive model to manage the WEF interlinked resources. The model has used an
integration method of watershed management and proposed several sub-models to ensure an
in-depth understanding of the WEF nexus complexity. The objective is to assist the
policymakers in proper planning and decisions. The results show that a limited number of
frameworks consider all WEF elements together and even fewer models digging deeply to
analyze the nexus. The research also confirmed that each country has it owns strategy to govern
their natural resources. Fayiah et al. [22] recently provided a comparative study and chosen to
review 21 cases to examine the water-energy nexus within the urban systems. The hard
challenges were by understanding the water-energy nexus limitations in particular for a certain
audience, such as policymakers. The study explicitly identifies the nexus gaps and how
bridging them would lead to a significant breakthrough in the nexus arena. The author also
ends with a very interesting conclusion: yet there is no single agreed framework or acceptable
practice that could be used for the water-energy nexus studies globally.
In a nutshell, this last very recent publication along with the previous literature are linked
to the current research hypothesis, where no matter what gaps or how many gaps we have
within the WEF nexus, there will be no common framework or best practice approach. In other
words, the best practice concept might not be applicable to WEF nexus, where each case should
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be uniquely customised for the targeted region/country. This is at least due to the following
reasons: A) the differences in priorities and demands for each region/country – for example, if
country “A” has security concerns, their WEF nexus priorities will be different than country
“B”, which has energy shortages or the region “C” suffering from water scarcity. B) the high
diversity and large number of variables factors within the WEF nexus; C) the sensitivity of the
nexus interlinks that complicates the repercussions; D) the limitations of implementing policies
or the shortages of decent technology; E) management capacity. However, the hypothesis of
the current study is that no matter the challenges the country faces, three sectors at least should
be covered and applied as a basic practice and these three sectors are: policy, management, and
technology.
The objective of this study was to identify the main challenges of the WEF nexus and
propose solutions focusing on three sectors: policy, management, and technology, using a
snapshot of the WEF nexus for the developing country Iraq. Insights on the availability of
primary freshwater, energy, and food resources were explored, evaluating the existing
challenges, threats, solutions, and opportunities. The evaluation and assessment will serve Iraq
to: give a heads up for the gaps at the mentioned national plan, increase efficiency, save costs,
enhance sustainability, and protect the environment. The goal is to increase the public’s
awareness on the WEF nexus to its importance in developing countries and spark dialogue on
knowledge transfer, expertise, research and development, joint ventures, and investments to
overcome challenges and secure the future of the national demand.
METHODS
The teamwork capacity approach used the Think-Tank (transdisciplinary team). Ten
researchers have contributed to this study, seven members have covered the three major sectors
(water, energy, and food) along with three mentors, one mentor for each group. Nexus was
divided into six sub-sectors: water for food, water for energy, energy for water, energy for food,
food for energy, and food for water. Each team covered a sub-sector that fits the team
background and specialisation. This work is not targeting a commercial purpose instead of
scientific demands.
Secondary data from government statistics, industry associations, private sector webpages,
modern literature, and reports were collected and analysed during brainstorming sessions for
the research teams to arrive at the conclusions. About 211 works of literature, reports, and
documents (covering international, regional, and local articles) have been systematically
reviewed in depth, including synthesis and desk search as follows: A) focusing on international
studies, B) regional studies, and C) finally, zooming in on the local studies and internal reports.
Less than 30% of the studies were excluded because they were irrelevant for the current study
or did not meet the selection criteria.
The studies have been classified later as follows: A) studies intensively exploring the WEF
nexus and SDGs concept; B) informative studies focused on potential common interlinks,
challenges, and potential opportunities within the nexus; C) demonstrated comprehensive
methodologies and tools; D) modern technology-focused studies; E) knowledgeable studies of
governance and policies; F) descriptive studies for integrated management and sustainability.
The metrological data, statistics, maps, and supportive documents like executive agreements
have been collected from relevant authorities. The team also identified the essential software
needed to visualise the outcomes.
One of the vital tools to uncover the WEF nexus’ inherent mismatches is by evolving the
mental models that we have built during the collecting of secondary data. These mismatches
are the results of how the real-world of WEF nexus works and how we think it works. These
mismatches are forming our mental models, where the mental models will shape our
understanding and initiate our behaviour later to generate real-life consequences. The mental
models that we embraced approximate the real world, but they become more accurate
Journal of Sustainable Development of Energy, Water and Environment Systems
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depictions and represent the actual situation over time through the feedback processing and
fieldwork investigation that gathers new information, learns new facts, or meets new people.
The complex adaptive systems and evolving mental models (EMM) approach that was
developed by Derek and Laura Cabrera from Cornell University [23] have been used to
enhance the mental models that secondary data generated. The EMM will reveal the secondary
data paradox, if any, showing the relationships among the variables that WEF nexus is dealing
with. It is essential to modify the metaphors that we might have and avoid the biases that might
steer the research in the wrong direction, which ultimately would misguide the decision maker
later (Figure 1).

Figure 1. Evolving the WEF nexus mental models
.

To find and bridge the mismatches, we need to have a new pool of information to double
check what we had. Twenty-two relevant stakeholders (ministries and governmental authorities
and related offices) have been selected across the WEF nexus sectors, followed by a factfinding mission for 27 days (during Feb 2020) to optimise and validate the secondary data and
to get the feedback needed. The technique of focus group discussions with specialists in the
fields of water, energy, and agriculture, along with personal interviews with decision makers
(Director level) has been taken. Seventeen respondents from different ministries and
governmental institutions have been interviewed to take notes and cross-check the information
(Figure 2).

Two entities are subject to be combined due to governmental
restructuring

Figure 2. Research stakeholders of WEF nexus
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Generally, the framework went through three stages:
1. The diagnostic stage where a desk review, initial screening, collecting relevant
documents, and institutional analysis took place.
2. The WEF nexus were analysed by addressing the key indicators along with potential
interlinks and stakeholders.
3. Interpretations and deliverables by having an assessment and tackling the
opportunities and challenges.
To deeply understand the WEF nexus, the structure relies on identifying the driven forces
at the first stage (external and internal). These driven forces might shape the priority for the
WEF nexus and the interactions between the elements. The dynamic loops between the three
elements show the collective interaction for each sector upon the other once in a case by case
basis. This logic might serve the smooth overlaps and interlinks tackling within the nexus.
Moreover, three dependent areas have been employed: policy, management, and technology.
They were selected as a response to indicators in-line with the hypothesis of the present study.
It has been assumed that such a contextual method would secure the maximum broader
coverage to radar the gaps and expand the outreach to reveal the nexus mismatches. The
proposed solutions should choose the beneficiaries in advance to ensure better synergies. In
this study, the following domains have been chosen to reflect the impact of the solutions:
governmental institutions, society, economy, and the environment. The final stage producing
outcomes should be aligned with SDGs affected governance and highlight the challenges and
possible opportunities Figure 3 is illustrating in the dynamic framework.

Figure 3. Dynamic framework

Panel discussions and descriptive analysis have been conducted between the research teams.
Seven rounds during seven months (Nov.2019 - May 2020) to discuss and present the results
for each sector/team, provide feedback, collect comments/suggestions, calibrate the orientation
and last but not least ensure consistency. They have included one final co-integration panel to
fine-tune the deliverables and collectively evaluate the feasibility of the outcomes.
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The open-source Plectica software, developed by professional and scientist group Plectica
LLC [24], has been used to visualise and explain the complex mental model methods.
Furthermore, the maps have been generated, georeferenced, and classified using ESRI-ArcGIS
10.8, where several layers have been added to the base maps, such as lakes and rivers. The base
maps have been downloaded from the World Food Programme by the United Nations Office
and the World Bank Group respectively [25], [26].
RESULTS AND DISCUSSION
Iraq, as an arid region with a multidimensional challenge, is the case study of this research; a
country shaped by two rivers namely the Euphrates and the Tigris. Over 40% of the country is
a desert and 26% is cultivated land [27]. The climate is subtropical semi-arid with rainfall
usually during the winter from December to February, with an average precipitation of ~200
mm/year. However, the average rainfall varies between 1200 mm/year in the north to less than
100 mm/year in the south. The summer temperature is extremely hot with daily peak
temperatures reaching over 43 °C during July and August [28]. As a downstream country, Iraq
is significantly reliant on the water surface from neighbouring countries as over 70% of the
water resources in Iraq are consumed by the agriculture sector [29]. The massive dams that
were built by the upstream country, Turkey, have severely reduced the water shares and
unleashed tension between the riparian countries; however, in 1980s Turkey proposed a
comprehensive project to establish a long-term agreement, the project named as “the threestage” represented by the following: a) creating a joint team; b) studies of the water demands
for each country; c) agreeing on water allocations. Unfortunately, the project failed due to
political reasons [30]. The limited water has posed multiple threats at different levels, in
particular for the agriculture sector that has been severely diminished, with food production
decreasing to ~50% over the last two decades [31].
The degradation of water quality and quantity is causing serious local environmental damage;
around one-third of water from the rice paddies and fishing grounds is gone. Consequently,
this led to the increase of sandstorms [32]. Between 1990 and 2003, the UN embargo caused
acute food shortages; the food deficit increased from 12% in 2009 to 48% in 2015. Yet violent
civilians and political instability were the key factors in influencing Iraqi food security [33].
After 1990, the human development index (HDI) dramatically decreased [34] and the mortality
rate of children under five years of age was three times higher than the rates in neighbouring
countries [35].
The 13 years of UN embargo and the reliance on oil revenues, along with climatic fluctuations,
led to the absence of national self-sufficiency in terms of food production. The energy sector
in Iraq has been suffering for decades, where about two-thirds of Iraq’s generation capacity is
below the demand. The main sectors in power supply are generation, transmission, and
distribution. The total generation capacity was only 16,800 MW in 2012 due to the
mismanagement, deterioration, and inefficiency of assets. The relatively old power stations that
had been built between 1955 and 1986 were damaged during the 2003 war [36]. The long-term
unplanned expansions have led to ~34% losses in the transmission and distribution lines
systems, which is considered one of the highest rates in the Middle East [37]. The cost of the
underserved power supply is estimated to be USD 40 billion/year [38]. The lack of public
awareness is partly due to the power supply failure, with illegal consumption and connection
becoming prevalent practices in many parts of the country since 2003 [34]. As a potential sector
for alternative energy in Iraq, using solar power could displace over 200,000 metric tons/year
of carbon dioxide equivalent emissions, creating over 100 jobs for each 10 MW during the
phase of construction and might save ~13,000 barrels/day that Iraq currently uses by generating
electricity from fossil fuel [39]. However, others assume that solar power production in Iraq is
limited to simple applications, such as water heating for domestic use, lighting streets, and drip
irrigation [40].
Journal of Sustainable Development of Energy, Water and Environment Systems
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The absence of regulations, policies, and insightful planning are barriers for renewable energy
development in Iraq [40]. One of the major energy challenges is the dispute over natural
resources management between the central and regional governments in Kurdistan. This
political conflict is embedded in the Iraqi constitution between the states (Article 110–115)
[41], where the articles enshrine general principles, such as oil for all Iraqis and the distribution
should be equitable. However, these rules require clarification [42]. The UN released the 2030
Agenda for Sustainable Development and SDGs targeting governments, non-governmental
organisations, and other stakeholders, including the whole society, aiming to reflect 17 SDGs
and 169 targets. The SDGs act as a guide for localisation of the global agenda and provide
direction for policy coherence. The global demand for WEF is facing urgent challenges as a
result of population growth, urbanisation, economic growth, and environmental stress, such as
climate change [29]. The understanding of this chain and evaluations on the local scale are
vital for Iraq in the near future to meet the international standards.
Iraq has released documents supporting the SDG localisation process [43] and highlighted the
main challenges for implementation. The SDG localisation in Iraq is a crucial process to ensure
that government and non-government stakeholders at the sub-national level have clear roles in
the formulation, implementation, and monitoring the SDGs progressing. Since early 2016, the
Iraq government adopted the 2030 Agenda for Sustainable Development and has started
showing serious commitment by conducting a series of workshops and developing a holistic
institutional framework to follow up on the SDGs implementation. The report included the
National Development Plan 2018 – 2022, the Poverty Reduction Strategy, and the convention
on biodiversity. While the Iraqi government pursues an ambitious structural reform program in
the coming years, it needs to sustain the networks of collaboration with other stakeholders and
develop national policies to support and measure the implementation of the SDGs. The plan
admitted and highlighted several strategic challenges and gaps at internal and external levels.
The internal challenges are represented by the following: 1) integrating the sustainable
development plan at a local level with a national vision and plans within a strategic framework
for national development action; 2) the acute need to develop the country and society after
generations from war implications; 3) the shortage of stakeholders’ awareness from the vision
and perception of the sustainable development plan; 4) lack of practical mechanism for
communication between the mediators; 5) insufficient data coverage and sorting; 6) political
instability in general plays a significant role in carrying out incomprehensive statistical
operations to cover and integrate the national database; 7) high rate of population growth where
Iraq expected to reach 53 million by 2030; 8) the extreme reliance on oil revenue and the
inhibitory environment and policies for the private sector makes the national economy fragile;
9) the weak institutional performance and governance, such as corruption, institutional
confusion and poor coordination make it hard to integrate the SDGs into the national plans and
policies; 10) financial damages resulting from terrorist actions have been estimated at 63.7
billion USD. The external challenges are summarised by the climate change impact and the
geopolitical changes at international and regional levels.
This part of the study is divided into two sections: 1) a deficit analysis 2) discussion of
suggestions that might improve the situation. Both parts are organized within the WEF nexus
for the three domains policy, management and technology. General observations have been
flagged: a) the WEF nexus elements are tightly linked to each other and overlapping to the
extent where any shortage of one sector or sub-sector within the nexus lead to consequential
influence on the others. b) Limitations of local studies covering the three pillars water, energy
and food nexus. c) Data and information were scattered in over 22 local authorities. e) The
political decentralization system consumed additional efforts to cover the federal government
(Baghdad) and the regional independent government represented by Kurdistan region (Erbil).
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Deficit analysis:
The results showing the challenges and gaps within the three domains (policy, management
and technology) are as following for each sector and sub-sector:
Water for Food
Water quantity and quality are influencing the country’s ability to achieve food security, especially
under the pressure of impact on climate change. The following challenges have been observed:
Policy challenges: water is linked to be a political problem back to a century in Iraq, it has been
used as a political tool for several time, and internally the Sothern Marshland was a good
example, which has been drained for political reasons used as prevention strategy to prevent
the insurgents crossing the border between Iraq and Iran during the Iraq-Iran war [30].
However, there is also an external influence where the regional tension over water usage and
allocation of resources for riparian countries of the ETB has accelerated the damage to potential
farmland areas in Iraq [44]. Iraq’s poor water management system coupled with the Islamic
State (IS) seizing control of major water sources has significantly worsened the water crisis in
the country [45]. The IS has tactically weaponized water facilities, such as dams, to gain
strategic military advantages. The flooding of the Fallujah Dam in April 2014 resulted in
damage to over 200 km2 of fertile farmland and loss of the majority of the livestock in the area
[31]. As such, Iraq imports food products from neighbouring countries like Turkey, Syria, and
Iran, which all share the same water resources from the Tigris and Euphrates.
A significant trade-off exists between the water shares allocated for Iraq by these countries
and the effect of their food exports to Iraq. This is particularly true for Turkey, which is an
upstream country that provides more than one-third of Iraq’s food imports, worth approximately
USD $3 billion [46]. In October 2019, Iraqis began to protest the political and economic situation,
especially the significant influence of Iran in the country [47]. This unleashed a campaign to
boycott imported Iranian goods, as the total imports from Iran reached nearly USD $12 billion in
November 2018. The impact of the boycotts resulted in a significant drop in purchasing Iranian
goods [48]. Consequentially, the gap between the supply and demand for food products was
increased and Iraq instead turned to Turkey for these imports. This has increased the water for
food challenges in Iraq; the lack of sufficient water supply for sustainable agricultural production
in Iraq continues to evolve.
Management Challenges: The varying precipitation rates in Iraq along with the significant
reduction in the water shares from the upstream countries have hindered the agricultural
sector’s growth and heavily reduced the crop production volume. In 2009, Iraq witnessed a
major drought period that damaged over 40% of cropland (Figure 4) [49, 50]. However, by
March 2019 Iraq experienced unusual heavy rainfall, which caused flooding across the country
[46]. This dynamic environment, including the fluctuations between drought and floods
periods, creates another challenge for Iraq. No sophisticated and efficient management systems
are available that allow the storage of the surplus water during wet periods and the
redistribution of water for irrigation purposes during dry periods.
Technology Challenges: As the agricultural sector consumes nearly 70% of Iraq’s total water
[29], however, approximately 60% of the agricultural water is wasted due to the traditional
irrigation methods used by local farmers [51]. The existing irrigation schemes are inefficient,
with high water losses due to poor distribution systems, infiltration, seepage of water to soil,
and leakage [50]. Farmers are employing outdated agriculture technologies, keeping
production yields at a low [28]. Improved irrigation methods are urgently required, as in
investing modern technologies to improve production yield and minimize water losses.
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Figure 4. Percentage of crops damaged by drought in 2008–2009 after [50]

Water for Energy
Iraq is suffering from energy efficiency due to the lack of needed power supply. The country
is highly in need to expand their outreach to alternatives of renewable energy and hydropower is
considered a proper source in this context. In this section, the following challenges have been
observed:
Policy Challenges: The massive dam constructed in Turkey by the Southeastern Anatolia
Project (GAP) has led to a significant reduction in the surface water flow in Iraq. For Turkey,
the GAP dams are considered to be a major source of hydro power and irrigation with a planned
installed capacity of 27 billion kW, providing over 45% of the potential hydropower in Turkey
[52]. However, GAP poses a major threat to Iraq’s water security as the few dams producing
energy in the country are facing challenges due to insufficient water levels [53], in addition to
other major operational issues. The Mosul dam in Iraq, which has a total installed capacity of
750 MW, is suffering from seepage problems due to the gypsum layers beneath the foundation
[54]. The Ilisu dam, commissioned in July 2019 in Turkey, has an installed hydropower
capacity of 1200 MW making it the third largest hydroelectric project within GAP, and will
increase the water tension over hydropower generation [55].
For decades, the riparian countries (Iraq, Turkey, and Syria) have failed to reach a strategic
agreement in terms of water share. Over 45 negotiation meetings have been held between the
riparian countries without a settlement [56]. The major reasons behind the lack of a strategic
agreement include: limitations in international laws (i.e., the UN conventions for natural resources
and the International Watercourses of 1997) [57], lack of identification of rivers and basins (i.e.,
no agreement over defining the water courses of the Euphrates and Tigris Rivers as either
international waters or transboundary water courses), and lack of agreement over water allocation
due to challenges in hydropolitical influence, including communication and negotiations gaps [30].
Management Challenges: The lack of long-term strategic planning for dam construction and
decommissioning, along with the ineffective implementation of environmental policies, has led
to water quality degradation and losses [51]. Climate change, drought, and reduction of
renewable water resources, in addition to degraded water infrastructure, have worsened the
water shortages [58]. Iraq has 16 dams and barrages (in addition to the Bekhme dam, which is
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incomplete), most of which were commissioned in the 1980s and designed for the frequent
rains and floods of that time [59]. By following good practices for water harvesting, the floods
could be used for the internal recharge of groundwater resources, and any surplus might be
stored in the current reservoirs to generate clean hydropower from the dams.
Technology Challenges: Hydroelectric power generation in Iraq peaked in 2005, contributing
nearly 20% of the total electricity generation [60]. Since then, hydroelectric power generation
has steadily declined due to the lack of technology availability and absence of suitable
maintenance programs, including challenges regarding the age of equipment, efficiency, lack of
maintenance, and continued operations. By 2015, hydroelectric power shares dropped to
approximately 3.73% of the total installed power for electricity generation in Iraq (Figure 5) [60].
The current infrastructure is considered to be inadequate and is causing high water losses
throughout the distribution network [51]. Iraq’s energy grid must be urgently rehabilitated as peak
demands can reach around 24,000 MW, or as high as 30,000 MW during the summer heatwaves
[51]. The current dams and hydroelectric plants require major refurbishments and retrofits to
operate efficiently to meet the energy demand.
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Figure 5. Electricity production from hydroelectric sources (% of total energy) [60]

Energy for Water
Energy and water are inextricably linked. Since Iraq is facing water resource shortages and
this gap expected to grow in the future, more energy for the water sector will be needed in pumping
and desalinization processes. In this section, the following challenges have been observed:
Policy Challenges: Within the jurisdictional capacity the Iraqi parliament has developed the
Energy and Oil Committee that oversee the policies related to oil and natural resources. The
water sector falling under natural resources has the involvement of the Ministry of Oil, Ministry
of Electricity, and the Ministry of Water in the committee set up by the parliament to tackle the
challenges involved. This also includes submitting draft laws to reduce waste of oil and natural
wealth and follow up on the rehabilitation and development of projects related to natural
resources. Due to the challenging and dynamic political environment in the region, policy
makers have been focusing on fast and temporary solutions to address water shortages. The
lack of prioritizing efforts and improper planning by the government is the 2019 federal budget,
did not allocate funds for the rehabilitation of the water production infrastructure for Mosul
province [61]. These areas were the most affected by the political unrest; and therefore, are the
most in need of rehabilitation for their power supply and electricity systems. Another internal
political challenge that has affected the water supply and the water–energy sector is the lack of
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clarity on the responsibility of water flow regulation in the Iraqi constitution (article 110 and
114) [41]. This uncertainty and political distrust have escalated the tension between the
Kurdistan Regional Government (KRG) and Iraq’s Federal Government (IFG).
Management Challenges: A clear framework for water management and communication among
the state entities involved is lacking. For instance, although Basrah is suffering from freshwater
shortages, the Basrah governorates have failed to maintain efforts for the commissioning of Al
Faw Desalination Plants (FDP). The FDP was initially set up in 2011, commissioning was later
suspended due to shortages in spare parts, and was only recently fully commissioned. However,
the seven year period of suspended work proves a major communication gap between the
relevant local authorities [62]. With a high population growth rate in Iraq of about 2.3% [63]
and no strategic plans for alternative water sources, the management challenges will only
increase over generations. The mismanagement, the bureaucratic practices, and political
instability in Iraq are reasons why only a limited number of international investors are currently
funding renewable energy projects.
Technology Challenges: Over the past decade, the low water flow in Shat Al-Arab has led to
dramatic increases in the salinity rates due to the seawater interaction. However, the salinity
levels across the Shat Al-Arab vary depending on the location (Table 1) [64]. Wastewater
treatment has not been a priority for Iraq in the past due to the sufficient water resources.
However, with the current water scarcity, high-technology solutions are needed for wastewater
treatment to meet the water demand while following the international SDG standards. The
outdated sewage system requires a major overhaul according to the Ministry of Water
Resources [65]. The current wastewater treatment capacity is around 580 million m3/day,
which would mean a potential for irrigating over 38,000 ha of farmland from treated
wastewater (assuming the quantity of water use for agriculture is ~15,000 m3/ha) [64].
Table 1. Dissolved salt concentration (ppm) in the Shat Al-Arab water for 2008–2009 [64]
Location
Al-Qurna
Al-Maqal
Alseebah
Fao

Salinity
(ppm)
4330
5260
12,300
14,700

Energy for Food
Lack of access to energy might have several negative impacts on food security, from
nutritional choices to cooking methods and storage of food. In Iraq to be specific, load shedding
and unscheduled shutdowns of power supply caused eventually a poor nutritional balance. On the
other hand, inefficient energy supply can also significantly affect the cooling, drying technologies
that enable safe food storage, a vital component to maintain food security. Estimates based on
figures from the International Institute of Refrigeration [66] that around one quarter of food loss
and waste in developing countries. In this section, the following challenges have been observed:
Policy Challenges: The coordination and communication between the local authorities and
public institutions is evidently inefficient, in addition to the absence of a central authority to
verify the implementation progress of relevant regulations. The World Food Program (WFP)
report, that was approved and published in 2018 by the office of the Secretary General of the
General Secretariat for the Council of Ministries—Iraq (GSCM), does not highlight the impact
of developing a reliable electricity network on achieving food security [67]. The 13 years of
sanctions imposed on Iraq from 1990 to 2003 caused a major degradation in the food and
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agriculture sector. Whereas the Qatar National Food Security Program recommends using solar
technologies as a key component of to provide 80% of the power for water desalination and
other operations of Qatar’s agricultural sector [68]. Currently, Iraq is unable to meet the
national demand for food. The agriculture sector, which provides employment to 20% of the
population, is shrinking [69] with no comprehensive plans to develop this sector since 2003
[70]. The 2017 statistics show that only 2% of the power supply is allocated to agricultural
purposes [51].
Management Challenges: Iraq generates ~14,000 MW on the national grid, and heavily relies on
Iranian gas imports to generate an additional 4000 MW to meet the power demand. As such, over
22% of Iraq’s energy consumption is from imported sources [71]. The current political instability
along with the previous military operations against the IS have resulted in energy losses of up to
4500 MW, destroying 18% of the transmission and distribution lines [72]. The transmission and
distribution losses from the electricity grids make up 30%–40% of the total energy generated [73].
Globally, the demand for food is expected to increase 50% per generation [74]. Supply chain
management (SCM) is considered another challenge that influences the efficiency in this sector,
severely increasing costs and food losses. The consistency and stability of the power supply is a
key factor for achieving sustainability. Iraq, over the last two decades, has been suffering from
severe shortages in this context. Load shedding and unscheduled shutdowns of the power supply
are hindering the linkage of energy to food as a fundamental part of the SCM. Despite that power
consumption and scope of operation are distributed to residential, industrial, or agricultural sectors,
the shutdown schedules are inconsistent, and no special allowances are provided for industries or
the agriculture sector. This challenge significantly affects all elements of SCM including planning
for fuel, food storage, and transportation.
Technology Challenges: Over one-third of the world’s energy is consumed to produce food. The
lack of an efficient cooling system for the food sector is a big challenge, particularly for the rural
areas. There is a global concern that the food sector is highly dependent on fossil fuels. However,
the future limitation of fossil fuels might lead to severe food security issues [75]. Iraq is importing
~25 million m3 of natural gas from Iran daily [76] to be used for the gas power plants in Basmaya
and Mansuriya, Al-Sadr and Qudus. The challenge is using efficient, clean, and affordable
technologies for energy generation, which are not available, particularly in rural areas where
energy security is a significant issue [77].
Food for Energy
Iraq faces food security challenges due to water shortages; however, the country also faces a
problem with waste management. In this section, the following challenges have been observed:
Policy Challenges: One of the fundamental challenges is the absence of an energy
diversification strategy as Iraq mainly relies on fossil fuels [78]. The economy is significantly
reliant on revenues from oil and gas as a commodity that is highly variable based on geopolitics
as well as supply and demand trends. The country has no policies that provide a direction to
diversify the energy mix such as investing in waste-to-energy applications. Efforts on the
national scale have been minimal in terms of food waste management practices and segregation
of the types of waste for recycling and incineration. It is assumed that Iraq needs a transition
time. Because Iraq has oil and gas, the country should make use of it: gas for electrical power
(baseload) and building refineries for gasoline, chemical raw material and hydrogen. Recently,
Iraq has recognized the urgent need to invest in alternative energy sources. In 2011, Iraq’s
Ministry of Electricity has started an initiative for renewable energy investment projects; an
independent power producer (IPP). However, the initiative did not materialize into a project
and the scheme collapsed shortly after its launch due to considerable economic, political, and
security risks [79].
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Technology Challenges: Iraq has a high potential for using biomass as an energy source, including
solid biomass, biogas, liquid biofuel, and municipal solid waste [40]. However, these sources of
clean energy, which have higher capital costs, have not been used yet [58]. Iraq is looking into
transitioning from conventional energy sources to modern renewable forms through large-scale
solar, wind, and biomass facilities aimed at supplying over 10% of the country’s energy
requirements by 2028. The rate of waste generation in Iraq is over 31,000 tons/day and is expected
to rapidly increase in the near future [80].
Management Challenges: Currently, renewable energy sources meet ~13% of the global energy
demand, with more promising scenarios predicting that the contribution of renewable energy
might grow to ~70% by 2050 [81]. Since renewable energy provides many benefits in rural
areas, especially in alleviating energy poverty [82], a strategic plan for securing energy for
farming to increase productivity is a potential sustainable approach.
Food for Water
Although agriculture is consuming the lion share of the water resource (~70%), the country is
still facing a food security problem. To bridge this gap, water rationing strategies, elaborated with
unconventional agriculture techniques, is highly needed to reduce the water consumption in the
agriculture sector and to produce food efficiently. In this section, in this section, the following
challenges have been observed:
Policy Challenges: Sustainable agricultural production means meeting the current population
demands without compromising the needs of future generations [83]. Post-IS studies indicated
that up to one-third of Iraq’s population still depends on the agriculture sector for their
livelihoods, a figure that corresponds to approximately 11 million Iraqis [84]. Iraq is listed as
one of the top five countries in the world in terms of vulnerability to climate change, attributed
to decreased water and food availability, extreme temperatures, and associated health problems
[85]. The estimated cost of environmental degradation in Iraq is USD $5.5 billion per year, or
an average of 6.4% of GDP [86]. Iraq also annually loses around 250 km2 of arable land to
drought, soil salinity, and wind erosion [87]. Iraq’s laws prohibit discharging pollutants and
wastewater into water resources [88]. The Environmental Protection and Improvement Law
No. 27 of 2009, article 14, prohibits the disposal of any home liquid, industrial or serviceable,
or agricultural waste into either groundwater or open water resources [89]. Still, local and
federal authorities poorly enforce these laws and legislations. Consequently, water streams all
the way to Shat Al-Arab have been polluted severely with contaminants from agricultural waste
[90]. The large food production gap that led to increased annual food imports caused
agricultural policymakers to introduce agriculture input subsidies, which include policies to
increase yields of strategic crops in Iraq using chemical fertilizers and pesticides [91]. Despite
its positive impact on crop yield, chemical fertilizers and pesticides pose environmental threats
from the leaching of pesticides and nutrients into the soil and waterways.
Management Challenges: The main factors affecting agricultural production in Iraq are land
quality and water availability. Agricultural land use has traditionally been based on basic
assessments of land performance without considering the prerequisites for sustainable agricultural
production such as: evaluation of soil, water requirements, terrain to socio-economic factors,
market opportunities, and infrastructure availability [92]. Due to performing these assessments
mainly rely on conventional methods, from soil surveys to interpolation of analytical results of
soil samples, they are costly as much as time consuming [93]. They require considerable human
resources that may be delayed significantly due to emerging security and political problems.
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Technology Challenges: Another challenge is maintaining the quality of water resources in
rivers and lakes that have been affected by negative and irresponsible agricultural practices.
Surface water is contaminated by irrigation water discharged from farms due to runoff carrying
sediments, dumps, applied nutrients, animal feed and pesticides to rivers [94]. Historically,
traditional irrigation practices (such as over-irrigation) and poor drainage systems have
contributed to the increase of soil salinity in agricultural land, which is further exacerbated by
high evaporation rates. Soil salinity occurs when undrained water evaporates from the soil
profile, particularly during summer season, leaving accumulated salts that affect the soil quality
causing lower crop yields, especially at the lower reaches of the rivers [95].
Discussion of suggestions:
The following discussion of the suggestions and opportunities that might improve the
situation:
Water for Food
The suggested policy development is through Improving the cooperation in terms of water
allocation and water quality with neighbouring riparian countries by reactivating the three-stage
project that has been proposed by Turkey in the early 1980s that includes: 1) the formation of a
joint technical committee with an outside and independent party to collect hydrogeological data
for the riparian countries; 2) the data should be analysed to understand the demand and
requirements per country; and 3) finally a sharing formula should be developed to allocate the
resources appropriately to each of the sharing countries (i.e., Turkey, Iraq, and Syria) [30]. The
three stage project would help to enhance the regional policies in terms of water for food and this
will ease the tensions and hydropolitics in the region, with Iraq benefiting from a strategic
agreement with the upstream countries, in particular Turkey. The country also should prioritize it
efforts to strengthen the water security and considering dam protection zones as a fundamental
element of national security.
It has been recognised that developing the national strategy is highly needed to maintain the
optimum levels of water allocation in achieving food security. The sanctions against Iraq in 1991
imposed by the United Nations Security Council banned all trades and financial resources and
kept it limited to medicine. This led Iraq to give priority for subsidizing the agriculture sector
considering self-sufficiency in food production as a prime objective. [96]. However the subsidies
have left Iraqi farmers indolent [97]. Post 2003 war, the governmental system has been changed
to adopt the decentralization system, instead of the previous firm centralized one, that carried
institutional, political and financial issues. This significant change has disrupted the agriculture
policies and subsidies scheme that negatively affected the country [98]; solutions would include:
(a) developing an import tariff on certain crops that are cultivated locally. The national imports of
the agricultural crops and food commodities amounts to about 12.4 billion USD annually, which
is over 30% from the total annual national imports. The local sectors have no ability to compete
with the imported goods due to the lack of implementation of the customs tariff law [99] . (b)
Classifying and re-evaluating the key strategic crops such as wheat, barley, rice, corn and dates,
to encourage the national production and cultivation in accord to the lower water footprint, and
(c) partially subsidizing or establishing a credit initiative encouraging access to agriculture loans
with marginal interest rates that is limited to cover the loan loss reserve between 2007- 2008.
Access to credit initiation with substantial funds by ministry of agriculture where about 570
million USD and has been disbursed as loans: the repayment rate was exceeding 95% [100].
From the management perspective, the country in demand to develop a conceptual model to
highlight the potential locations of floods and droughts based on historical trends and changing
weather patterns. Also developing a mathematical model for water balance is essential (surface
water and groundwater) to estimate the water surplus and deficit for each region in Iraq. It needs
also to conduct in-depth feasibility study for potential cultivation areas to create a national map
depicting the potential strategic cultivation areas.
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The technology part could be enhanced by implementing innovative solutions to capture the
rainfall that can be integrated back into the irrigation networks. The open drainage system that is
widely used in Iraq should be replaced by a modern piping network to reduce water losses due to
evaporation, and in situ units can be deployed for water reclamation [101]. This would
significantly reduce potential salinity and conserve water resources. There is an acute need to use
a modern forecasting tools, sensors, and software platforms to capture real-time information to
assist in taking decisions on irrigation frequency and fertilizer needs [102]. On the top of the
updated technology the country could adopt the smart irrigation techniques (SITs) that use remote
sensing and drones to evaluate the soil conditions and crop health to help improve farming plans
[103, 104]. SITs aim to optimize farm productivity and profitability by allowing farmers to reduce
the use for unnecessary machinery, pesticides, seeds, and water. Not least by promoting the use
of green houses and drought-resistant seeds, the water consumption and associated losses will be
reduced, where a national program linked to the government’s national subsidies to support
farmers can be deployed for this purpose.
Water for Energy
Since the massive dams of GAP were aimed to generate hydropower, these dams were the
main reason of water tension; therefore, integrating the policy of water conflict management and
transformation tools is recommended to reach win-win agreements [57, 30]. These tools would
allow decision makers to identify areas of mutual benefit and avenues for collaboration between
the riparian countries in terms of economic prosperity, safety, and capacity building. The tool
should clearly define on water shares that adhere to the considerations and needs of each country.
It might be useful to evaluating the feasibility of the decommissioning of the Mosul dam, while
cooperating with Turkey to use the Ilisu dam as a storage unit and as a source of hydropower due
to close proximity to Iraq (within 200 km) [105]. This cooperation would have several benefits
for both sides, in particular for Iraq by saving the tremendous maintenance costs associated with
the stabilization of the Mosul dam and increasing Iraq’s water allocations. This would limit the
water capacity storage of the Ilisu dam to ensure that the Hasankeyf ancient town (declared a
natural conservation area by Turkey in 1981), which is 100 km away, is not threatened [106].
Conversely, Iraq should move to construct the incomplete Bekhme dam and Makhoul Dam on
the upper Zab River, which has the potential to produce as much hydroelectric power as 1500
MW [107].
From the management side, the country need to adopt a flood prevention strategy and
considering the March 2019 floods as a reason to evaluate the existing dams. The evaluation
should cover the quantity, distribution (geographic presence), and the purposes of the dams. As a
result of the evaluation, a map highlighting the potential areas for hydropower production and
distribution of dams should be developed. This comprehensive investigation should answer
whether Iraq has sufficient dams operating efficiently to produce enough hydropower to meet the
national energy and water demands.
To develop the technologies of water for energy, the following suggestions might be proposed:
a) Commissioning non-power dams, unlike conventional hydropower that requires significant
investment and resources, which do not include hydraulic turbines but rather use the existing
foundations of dams. The benefits include flood control and water supply management. The nonpowered dams can be powered through the addition of hydropower generation equipment to
deliver energy to the grid more efficiently, lowering the construction costs and reducing down
time [108]. They are also considered safer and more environmentally friendly. b) Modular
hydropower units can be constructed off-site then easily assembled and reconstructed [109]. c)
Pumped-storage hydropower (PSH) performs a similar function to a battery by pumping water
from the lower to the upper reservoir to be stored during off-peak times. The water can then be
released during peak times to turn turbines and meet energy demand. This solution would be
suitable for mountainous terrains in Northern Iraq [110]. This modern technology w used recently
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in the United Arab Emirates for the Dubai Hatta Pumped Storage Hydroelectric Project.
Developed by the Dubai Electricity and Water Authority (DEWA), the project was considered the
first of its kind in the Arabian Gulf region as part of the Dubai Clean Energy Strategy 2050 [111].
d) Tidal energy could be a good option, in particular for Shat Al-Arab, which captures water at a
high tide and releases it at a low tide to create an oscillating motion to drive turbines to generate
electricity. However, this method requires at least a ~5 m difference between low and high tides
[112], whereas the current Shat Al-Arab tide difference is only ~1–2 m [113].
Energy for Water
To develop the policy and good governance, the country is in need to have a legislative
committee by the Iraqi parliament to oversee the natural resources and agriculture; the Technical
Committee for Natural Resources (TCNR). The committee is highly recommended to: (a)
implement a capacity building program with national awareness campaigns to educate the public
on water management and conservation practices for this valuable commodity; (b) secure an
annual federal budget for the strategic development of water desalination plants to meet water
demands, and (c) provide the parliament with draft laws and federal policies that aim to mitigate
the risk of tension between the IFG and KRG and participate in constitution reforms to centralize
the energy–water-related challenges for federal decisions.
The management capacity should be developed by setting up a clear implementation plan for
the transition from conventional to renewable energy sources, moreover mandating sustainable
development practices for all new projects, such as green building codes, the use of low-waterconsuming equipment, and waste segregation. It is also important to attract investors by providing
them with incentives such as visa waivers, tax waivers for certain number of years, and logistics
support. The other development option could be done by adopting the power purchase agreements
(PPA) concept to reduce the financial burden on the government; a tool for investors to determine
the cost of engineering procurement and construction (EPC) of solar plants can be used to power
reverse osmosis (RO) desalination plants.
The technology domain could be enhanced by establishing a desalination system with a
capacity of 1 million m3/day. The competitive technology was implemented in Saudi Arabia and
United Arab Emirates, where the climate conditions are similar to those of Southern Iraq, provides
robust pre-treatment of water with low energy consumption [114]. It is also essential to evaluate
the damage of the distribution system infrastructure, developing new pipelines, and implementing
retrofits. Smart monitoring systems should be used to detect any leaks or damage to the
infrastructure. An example can be the Aqua-Link system that could be used to detect leaks
immediately through online applications and sensors [115]. Since the country also suffering from
the shortage in the sewage system, it would make sense to conduct an innovative sewage treatment
system that separates sewage from drainage, such as the anaerobic sanitation system [116], where
the sludge residue can be transported and used for power generation.
Energy for Food
As in the previous sector of energy for water, policy could be developed by delegating the
TCNR to act as the focal point to review and provide regular reports for the decision makers at
the GSCM. The committee could implement an intensive national capacity building program
for the governmental staff to convey the urgency for them to work together efficiently and
improve communication. It would be also important to review and update the electricity tariffs
imposed by the Ministry of Electricity by developing progressive rates that encourage endusers to save energy to minimize their costs. The tariff structure can consider (a) different
segments for better penetration and coverage: the residential, commercial, industrial, and
agricultural sectors; (b) the population density: urban versus rural areas; and (c) peak versus
off-peak periods during the day.
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Developing the management capacity for the energy for food might be done through different
levels, starting with identifying key factors and segments that affect the efficiency of the supply
chain management (SCM) to minimize the unnecessary impacts to ensure renewable and
sustainable electricity supply is achieved. This may be attained through the use of innovative
storing systems, compressing the cycle time, improving the loading and packaging transportation,
and employing technology. A systematic evaluation of these segments is also required to measure
the progress. The SCM practices could save between 20% and 50% of the operational costs [117].
It is also important to encourage an implementation plan that includes several phases [118]: a)
short-term: providing a clear shutdown schedule, in particular for rural areas, to support the
agriculture sector; b) medium-term: subsidizing renewable energy projects for shortlisted
successful agricultural efforts; and; c) long-term: implementing a smart metering system can result
in energy savings between 5% and 15% [118]. Energy optimization is another challenge; the
country needs to develop a mathematical model to optimize the energy consumption versus food
production to establish a balance between energy and food sectors, reduce water losses, and
develop backup energy sources. In this context, Qatar’s Sahara forest project has demonstrated
success and can be adopted in Iraq. The project used a unique combination of solutions that are
integrated in their food production system to maximize opportunities for sustainability in the food,
water, and energy sectors in their arid region [119].
Increase investment in renewable energy options such as solar photovoltaic technologies to
generate energy for the food and agriculture sector. Iraq’s geographical location is favourable for
this technology as the photovoltaic power potential ranges between 1534 and 1899 kilowatt hour
per kilowatt peak (kWh/kWp). These are average kWh/kWp values for four representative
locations [120]. Direct normal radiation ranges between 1680 and 2410 kWh/m2 (Figure 6)
[121].

Figure 6. (a) Photovoltaic electricity potential and (b) direct normal irradiation in Iraq, after [121]

As such, recommended investments in renewable energy projects include: a) Practice a
prevention strategy by reducing consumption of oil and gas products internally, increasing
national revenue from oil exports to decreasing dependence on imported gas [36]. b)
Demonstrating Iraq’s commitment to the SDGs by using clean energy sources and decreasing the
country’s carbon footprint. c) Benefit from supporting private sector businesses, particularly local
companies, to create job opportunities, to support agriculture and farming for remote and rural
areas, and to generate cheaper energy for food production and storage. d) Promoting the use of
efficient and sustainable solutions for the use of energy in greenhouses and warehouses. An
example could be replacing conventional lighting with light emitting diode (LED) technologies
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that reduce energy consumption and increase operational cost savings. The benefits of using LEDs
include high energy efficiency, low maintenance cost, longevity, and safety. The cost reduction is
expected to be between 25% and 30% compared to conventional lighting [122].
Food for Energy
The waste treatment and its policies is one of the gaps that need to be filled, where
implementing a food waste management strategy that promotes minimizing waste production,
efficient and safe transport of waste, waste segregation, and recycling. This strategy should be
coupled with a road map of clear actions to decrease dependence on fossil fuels and increase the
contribution of waste to energy projects to meeting energy demands. In this context, the European
Union waste management practices and relevant experience might provide a good example to
follow for implementation in Iraq [123]. International standards, such as the World Health
Organization codes, can also be adopted to minimize, recycle, and segregate waste [124].
It is important to Iraq to seek for the unconventional sources for energy , hence the
management domain proposed to enhance by setting up a nation-wide green energy program to
promote the adoption of renewable energy (such as biomass or biofuels) at competitive prices.
The government can provide IPPs with tax reduction or other incentives for investing in biomass
and biofuel energy projects. The smart energy practices can be also used to meet food–energy
demand through integrated food–energy systems (IFESs). IFESs is able enhance the energy
efficiency without costly capital investment [125].This approach has been used at the local as
well as international scales [75].Examples are plentiful: the dream farm concept in China (organic
farming), which minimizes waste and optimizes resources sustainability by using anaerobic
digestion, has reduced the energy demand in the region of interest to 14% [126]. The United
Kingdom used an integrated cropping system for five years saving about 8% energy compared
with conventional cropping, whereas Italy saved ~30% energy using a crop rotation system [127].
Moreover, establishing an intergovernmental renewable energy organization linked to the other
local players might be helpful to create (Figure 7). The agency’s role would be to optimize the
previously lengthy process of decision making and approvals and provide an easy path for
investors and interested companies with the support of the International Renewable Energy
Agency (IRENA) [128, 79].

Figure 7. Biomass and biofuel intergovernmental flow

Developing the technology in this context would need to invest in waste to energy projects on
the national level. Biomass is a reliable and sustainable substitute for fossil fuels. It is more costeffective compared to conventional energy sources as it can achieve ~35% savings in energy costs
[129]. The other advantages of biomass use include: decreasing the carbon footprint at the local
level, providing an additional revenue stream for the government, creating jobs, and reducing
landfill costs by 60%–90%. However, biomass plants require sufficient space and investments for
a suitable capacity [130]. An example case study is Bee’ah in the United Arab Emirates; the
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world’s largest gasification plant processing as much as 160,000 tons of non-recyclable wastes
annually. The added capacity of 35 MW of clean energy supports the country in meeting the rising
energy demand while reducing fossil fuel use, environmental related impacts, and use for landfills
[131].
Food for Water
This sector is in need to develop a modern policy that encourages new methods of efficient
irrigation to achieve optimal crop and livestock production. According to the National
Environmental Strategy and Action Plan for Iraq, the transition to sustainable agricultural
practices could save ~5%–6% of Iraq’s GDP (equivalent to approximately USD $114 billion) and
revive the agricultural sector [86]. Another add value suggestion is by limiting the use of chemical
pesticides and fertilizers and encouraging farmers to look for alternatives such as the use of biopesticide pest control methods and organic fertilizers, which can be subsidized [91].
Evolving the management might need to re-evaluate the land suitability for Iraq’s strategic
crops by developing a digital land suitability map (DLSM) by means of remote sensing with field
work validation using the agro-ecological zoning tool [132]. The map will highlight the feasibility
of planting a specific crop by assessing the yield of the value-based crops versus the expected
water footprint among other factors [133]. The results can support decision makers when
developing plans for increasing agricultural production, improving food security, optimizing
investment, and conserving natural resources. Reliable databases and land suitability maps will
help farmers promote soil health, minimize water use, and increase profitability, which will, in
turn, strengthen the local economy.
The technology part could be developed by controlling the amount of fertilizer and pesticide
application to ensure they are optimally absorbed by the crop to avoid any excess to discharge
through agricultural runoff [94]. This measure must be applied in parallel to an existing irrigation
water management system to prevent over irrigating, and perhaps recovering runoff and tail water.
Examples of irrigation systems include precision irrigation, trickle and sprinkler systems, laser
levelling, and hydroponic agriculture [87]. These technologies can substantially reduce
agricultural water consumption and, ultimately, agricultural water runoff. These solutions will
help eradicate soil salinity problems. It is also fundamental to use sustainable agricultural
intensification technologies to achieve the following: a) improve water storage in sandy soil with
drought-resilient systems (e.g., moister soils), b) use low quality water for agriculture
(desalinization, wastewater reuses, saline water, etc.) [134], and; c) invest in greenhouses that
allow growing seasons to be extended, providing shelter from excess cold or heat, and inhibit pests.
CONCLUSIONS
This investigation was able to identify the nexus for power supply, water availability and
food security chosen a challenging arid region as a case study. A comprehensive exploration
for the WEF nexus is vital for any sustainable development plan, as it is currently not only a
regional concern but a global one due its scarcity and fears to depletion. The framework used
ensured a proper outreach to tackle the mismatches and interlinks within the WEF nexus; it
shows the ability to be adopted as a basic practice for other regions after addressing the region
priorities. The exploration revealed the gaps and shortages in-between the three main sectors
of WEF nexus and the possibility of how to fulfil the framework puzzle to sustain the natural
resources to develop long-term socio-economic stability. The study conveyed that it is
irrational to look for challenges and opportunities of each WEF nexus separately without
considering the strong bonds that link the nexus. This concludes that WEF is interdependent
where one influence the other in effect to external and internal related factors.
The influences that effect the WEF are not only environmental but also political and
constitutional. Initially the vast water resources in Iraq have changed due to external
environmental and political circumstances that led to address the challenges that seemed
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foreign to country that did not face any of these issues to begin with, to prepare such solutions,
as this concept of sustainability was unforeseen in such arable land. Water, energy, and food
circumstances have cascaded to one another at national and regional levels that requires the
government to step in. The study illustrates that not only the WEF directly affect the livelihoods
of the people but influence other aspects making it the driving force in shaping the society and
economy. SDGs aim to improve the nexus and Iraq have taken the necessary steps to highlight
what needs to be prepared to achieve a desired outcome.
Proposed solutions and opportunities to the evaluated challenges revealed Iraq has the
potential to make use of resources using green and renewable energy to reduce a 10% of
reliance on fossil fuel. Most of the 70% of water consumed in agriculture is wasted and through
renewable technological approaches, this could rapidly repair the situation. Issuing and
implementing regulations and policies can assist to practice good governance. Such laws and
policies already exist but require enforcement and commitment from the governing bodies to
sustain stakeholder collaboration and engagement between the regional governments and
riparian countries. As for renewable energy development, new policies and plans are required.
Not only will policies and regulations encourage the potential solutions provided in this
research but will also interfere in providing jobs and save costs on the social and economic
scale. Moreover, the research also managed to work around the current limited circumstances
to find optimal solutions to achieve benefits.
This conducted study was able to demonstrate the other studies performed by other experts
giving the ability to verify the concern of the nexus to grasp the attention for public awareness
and further spark dialogue on knowledge transfer and further elaborated focus-based studies
and digital programs. If seen valuable this will attain opportunities for investment as the reaping
results will secure the national necessities. Such appealing approach could be integrating
models that simulate needed production based consumption within the water energy and food
nexus. As a future project, the outcome of this work will be implemented by the system thinking
approach to create mantel maps and models for the Iraq WEF nexus gaps and inter-links.
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