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Abstract 

Water and Energy systems that were once considered disparate, are coupled in many ways. 

Generation, transmission and distribution of each system relies on the other system. The 

interaction becomes significantly stronger in economies dependent on desalination for their 

water resources. One such country is the United Arab Emirates. The water-energy nexus faces 

serious challenges under climate change as cooling needs and outdoor water demands rise. This 

thesis models the impact of climate change on the water-energy nexus in the UAE. It explores a 

set of climate change adaptation policy scenarios and quantifies their respective economic, water 

and energy savings. Hence, it provides an analytical assessment of the nexus that can inform 

data-driven policy making. This thesis views the nexus through a qualitative lens and a 

quantitative lens. The qualitative piece presents the organizational mapping and structuring of 

the UAE institutions across the water-energy-climate nexus. It highlights gaps in cross-sectoral 

interactions that need to be overcome for a sustainable future. The second piece presented in this 

thesis is analytical in nature. It uses two specialized water and energy softwares called the Water 

Evaluation and Planning System (WEAP) and the Long-range Energy Alternatives Planning 

System (LEAP) and couples them together to model the nexus. The water-energy nexus model is 

tested for different individual and aggregate adaptation policy scenarios to assess a wide range of 

effects on the nexus. These scenarios are also run for six sub-regions within the UAE (Abu 

Dhabi, Al Ain, Western region, Dubai, Eastern region and Fujairah) to understand the underlying 

demand sectors driving the water-energy nexus in these sub-regions. The results of this extensive 

scenario analysis have informed policy recommendations for long-term planning of the water-

energy nexus in the UAE. Important findings from this study include the huge savings potential 

from indoor consumption reduction (up to 1200 million cubic meters of water and 60 million 

gigajoules of electricity per year by 2060) and the need for irrigated land regulation (saves up to 

700 million cubic meters of water and 5 million gigajoules of electricity per year by 2060) in the 

UAE. The sub-regional analysis highlights the need for sub-regionalized policy goals that govern 

regions based on their demand differences. 
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1. Introduction  

Water and energy systems are inherently intertwined since the production and distribution of 

both commodities relies on the other. Groundwater pumping, wastewater treatment and 

desalination require energy while cooling of power plants requires huge amounts of water. Thus, 

the two systems are coupled in a way that certain tradeoffs can exist (Abulibdeh, 2017). 

Therefore, optimal planning for both systems becomes an important consideration. The UAE has 

very much acknowledged this nexus in terms of supply because of its cogeneration plants that 

use excessive heat during electricity production for desalination. However, long term planning 

for both systems as a nexus is required. The nexus also faces serious challenges from climate 

change as adaptation strategies are missing in the UAEôs policy frameworks. A study conducted 

by a team of MIT researchers led by Professor Jeremy Pal and Professor Elfatih Eltahir shows 

that extreme heatwaves in the Arab Gulf could make the region inhabitable by 2070 if carbon 

emissions remain uncut (Pal & Eltahir, 2016). The UAE is already a water scarce region and 

with the increase of temperatures and decrease in rainfall in the region, the water-energy nexus 

will be impacted on both the supply and demand sides (Juvonen, 2015). Decreased rainfall and 

high temperature will result in waning water supply and increased energy demand for cooling 

purposes and extraction and production of water (Arderne, 2016). Figure 1.1 shows the overlaid 

maps of the water and electricity grid networks in the UAE showing an inherent coupling in both 

the supply and consumption sectors.  
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Figure 1.1. Map of the ADWEC electricity and water network (ADWEC, 2015) 

 Figure 1.1 shows the water and electricity grid maps of the Abu Dhabi water and 

Electricity Company (ADWEC). Power plants and desalination plants are co-located at Umm al 

Nar and Taweelah in Abu Dhabi; Mirfa and Shuweihat in Western region and Al Ain and Qidfa 

(Fujairah). This map confirms the existence of the nexus in the UAE and helps build our 

analytical study through this approach.  

  The objective of this thesis is to simulate different policy scenarios pertinent to the water-

energy nexus under climate change and use insights from the analysis to make policy 

recommendations. This is done by conducting a two-tier analysis including a qualitative analysis 

and a quantitative analysis. The qualitative pat includes an institutional analysis which involves 

mapping the evolution of different water and energy institutions in the UAE and a cross-sectional 

analysis including the policies created and initiatives taken for improvement of the efficiency of 

the nexus. The quantitative tier of the analysis involves use of WEAP and LEAP which are 

simulation modeling softwares built by Stockholm Environment Institute (SEI). They are being 

used as coupled models that spatially map the nexus in the UAE by calculating nodal demands 
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and supplies. The results not only show potential water and energy savings but also economic 

monetary benefit to the UAE which can inform long-term planning in the UAE. Along with this, 

this thesis provides the first ever focus on regionalization of the water-energy nexus in the UAE.  

The value added of this thesis is that it will enable the process of identifying areas of 

vulnerability in the nexus, such as whether it is the demand or the supply that gets more affected 

by climate change. The results of this simulation modeling will play a significant role in 

understanding the interactions, balances and tradeoffs of the water-energy nexus under climate 

change. The nature of this study is transdisciplinary, therefore a variety of qualitative and 

quantitative tools have been employed to study the water-energy nexus. 

The Problem Framing and Representation of the Nexus chapter entails the framing of the 

water-energy nexus in previous literature and examines key graphical representations of the 

nexus. The qualitative methods chapter employs the technique of institutional analysis and 

simple trend analysis to study the organizational structures in the UAE that govern the water-

energy nexus. The quantitative studies chapter delve into previous quantitative studies of the 

water-energy nexus in the UAE and focuses on a study done by the Abu Dhabi Global Data 

Initiative (AGEDI). This study forms the foundation of my thesis as it uses the integrated 

WEAP-LEAP tools to analyze the water-energy nexus in the UAE and test scenarios. The  fifth 

chapter forms the crux of my research which tests modified disaggregate scenarios as an 

extension to the AGEDI study as well as sub-regionalizes these results for Abu Dhabi, Al Ain, 

Western region, Dubai, Eastern region and Fujairah. This section is key because it helps 

understands the policies that have the capability of producing most gains in the sub-regions. This 

chapter is followed by policy recommendations based on the results of the WEAP-LEAP policy 

scenario analysis.  
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2. Problem Framing and Representations of the Nexus 

This chapter presents a review of existing methods employed to study the water-energy 

nexus. This is being done to provide a knowledge base of existing methods and resources in 

literature to build a research foundation. This systematic review can also help in the development 

analytical tools that can add on to existing research and can give us a more holistic view of the 

water-energy nexus. Albrecht et al (2018) conducted a similar systematic review of literature on 

the Water-Energy and Food nexus. They shortlisted articles that were most promising in terms of 

guiding future research whereas this study will focus on categorizing different tools used to study 

the water-energy nexus as well as the range of graphical representations that best visualized the 

results (Albrecht, Crootof, & Scott, 2018). A system characterization of the water-energy nexus 

will show how these integrated systems have been modeled and visualized to provide a useful 

premise for this research.  

The simplest diagrammatic representation of the water-energy nexus was developed by the 

US Department of Energy in 2006 as shown in Figure 2.1. 
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Figure 2.1. The inter-dependencies of the water and energy systems embodying the water-energy 

nexus (US Department of Energy, 2006) 

This figure shows the flows and interdependencies of the water and energy systems in a 

simple urban setting. Water is needed for various power generating processes extending from the 

mining of fossil fuels to the cooling of thermal power plants, while energy is required for 

pumping, transmitting and treating wastewater. This was an early endeavor by the Department of 

energy to visualize the water-energy nexus. There has been a lot more work on visualization and 

studying the water-energy nexus after this diagrammatic representation. An extensive literature 

review has helped with categorizing the various methods used to study and represent the water-

energy nexus across the globe.  

2.1. Optimization M odels: 

Optimization models have been the most popular approach towards the water-energy nexus. 

Optimization models can be classified into resource management optimization models that are 

physical models meant for quantifying efficient resource allocation and decision optimization 

models oriented towards prioritizing goals and meeting objectives. For example, Dubreuil et al 

built a resource-allocation optimization model for energy in the Middle East by integrating waste 

water and non-conventional water resource variables (Dubreuil, Assoumou, Bouckaert, Selosse, 

& Maizi, 2013).  Lubega and Farid built the first co-optimization model for economic dispatch 

for power and water systems with respect to the supply side in the UAE establishing that co-

generation plants in the UAE enable a co-optimization strategy from a purely engineering 

systems perspective (Lubega & Farid, 2014). Following that, the multi-plant model for real-time 

simultaneous economic dispatch of power and water was developed for the UAE (Santhosh, 

Farid, & Youcef-Toumi, 2014). Then came the different capacity expansion optimization and 

ramping capabilities models of desalination and power plants in the UAE (Saif & Almansoori, 

2016). More recent studies have incorporated renewable energy sources in these optimization 

models reaching the conclusion that integration of renewables decreases both carbon emissions 

and water withdrawals (Hickman, Muzhikyan, & Farid, 2017). These studies tend to build a 

unique optimization model and apply it to different scenarios and then demonstrate the efficacy 

of the model using a case study. For example, a study by Saif et al used mixed integer linear 

programming model for the CLEW (Climate, Land, Energy and Water) systems to optimize 
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infrastructure operation and capacity and then showed the efficacy of this model by applying it to 

Mauritius (Saif & Almansoori., 2017). In case of decision modeling, multiple objective 

programming (MOP) and Bi-level Programming have been used in the realm of the water-energy 

nexus to assist decision makers in devising frameworks involving water-energy-climate tradeoffs 

and interactions. ñIn MOP, multiple objectives are optimized simultaneously (at the same level), 

while in bi-level programming, optimization of multiple objectives are performed from the 

upper- to the lower- levelò of decision making hierarchy (Zhang & Vesselinov, 2016). Fuzzy 

Goal Programming integrates both decision optimization model and resource allocation model. It 

assigns a numerical value of a goal and tries to minimize the distance matrix of goals from the 

objective functions in the decision process. Javaraman et al have presented a Fuzzy Goal 

Programming perspective on UAE to assess economic goals with respect to energy and water 

consumption. (Jayaraman, Liuzzi, Colapinto, & Malik, 2017). 

Li et al present a representation of the nexus (Figure 2.2) and build a co-optimization 

mathematical model for the micro water-energy nexus on the distribution side. This is 

synonymous with a simple cyber-physical system where utilities are governed by internet of 

things (IoT). The electricity distribution side includes a micro grid distribution network while the 

water distribution side entails pipes, pumps and tanks, etc. (Li, Yu, Al -Sumaiti, & Turitsyn, 

2018). 

 

 

Figure 2.2. Urban water-energy systems (Li, Yu, Al-Sumaiti, & Turitsyn, 2018). 
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The results of these optimization models are represented in different forms, mostly flow 

diagrams. Lubega and Farid have done the most work on graphical representation of the water 

energy nexus through a systems engineering perspective to show the flow of materials and 

energy in the water-energy nexus. They have written two papers to elaborate the need for 

representing the water energy nexus graphically in order to understand a systems engineering 

perspective on the nexus. The modeling tool they have developed for this purpose is based on 

Systems Machine Learning.  The first diagram (Figure 2.3) that runs through both their papers is 

the system boundary input-output model diagram, which is important in terms of designing or 

engineering of a facility. The diagram shows that water, electricity and wastewater are within the 

system boundary while other products like fuel, recycled water, etc. are open for consumption by 

other sectors therefore they are outside the boundary. Hence, anything that is on the grid network 

is represented within the system boundary (Lubega & Farid, 2014). 

  

 

Figure 2.3. System Boundary and Internal Block Diagram (Lubega & Farid, 2014) 
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Venkatesh et al (2014) present a similar matter and energy flow diagram of the urban 

water-energy-carbon nexus with the help of case studies of four cities including Nantes (France), 

Turin (Italy), Oslo (Norway) (Figure 2.4) and Toronto(Canada). They use five indicators as key 

parameters to represent this nexus: The raw water supply, water treatment plants, water 

distribution network, wastewater collection and wastewater treatment because they are energy 

intensive processes. Raw water is acquired through extraction or desalination. Water treatment 

plants require chlorination or UV disinfection. Water distribution requires pumping at higher 

altitudes. Wastewater collection requires a power input to remove blockages in the transmission 

network. Wastewater treatment consumes electricity for aeration and filtration processes. 

According to their study, city size has a huge impact on carbon emissions from the urban water 

systems while industrial activity has a marginal impact (Ventakesh, Chan, & Brattebo, 2014). 

  

 

Figure 2.4.  Oslo water-energy-carbon nexus thematic (Ventakesh, Chan, & Brattebo, 2014). 

2.2. Life Cycle Analysis and Input-Output Models: 

In terms of mathematical models, there has been less work done on a unified flow analysis 

for water-energy systems. Life cycle analysis has been used in the realm of the water-energy 

nexus as an integrated framework for tracing multiple flows in the water-energy sector and then 

incorporating them with other analyses. For example, Yang and Chen combined input-output 

analysis and network environ analysis to map electricity generation related water consumption 
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and costs for the wind power systems in China (Yang & Chen, 2016). This approach has helped 

in devising water and energy conserving strategies for water-stressed Inner Mongolia in China 

(Yang & Chen, 2016). 

A subset of life cycle analysis is input-output models. A study was conducted using the case 

study of Beijing that entailed a modified input-output analysis of urban energy and water 

consumption. It took into account the hybrid water flow that includes direct water flow and water 

flow pertinent to energy production and combined it with hybrid energy flow including the direct 

energy flow and the energy flow associated with water production and distribution (Saif, 

Mezher, & Arafat, 2014). This hybrid flow network was then modeled to assess impact of water-

energy nexus flows on the economic sector using input-output analysis. The results identified the 

largest inflow and outflow sectors. Industry manufacturing was found to result in the largest 

outflow of hybrid energy while agriculture was found to be reliant on the largest inflow of hybrid 

water (Wang, Cao, & Chen, 2017). Other studies incorporate input-output analysis to assess 

interconnections of water and electricity, water for electricity and electricity for water and to 

track resource and carbon emission flows and their complex interactions with the economy 

(Chen, et al., 2017). Life cycle assessment models are holistic in nature and systemic in process, 

however they require a lot of data and the methodologies used to assess environmental impacts 

can influence the model (Chen & Chen, 2011). 

2.3. System Dynamics 

Systems approach is one of the most applied methodologies in the research of water-energy 

nexus. It is a useful tool to articulate the complicated relationships between different variables 

including endogenous variables (water consumption, water demand, energy demand, etc.) and 

exogenous variables (land, climate, food, etc.) (Qi & Chang, 2011). It incorporates various 

feedback loops and quantifies system interactions. The use of stocks and flows is key in 

understanding the nexus (Wolfe, et al., 2016).  Siddiqi conducted one of the first sub-regional 

studies of the water-energy nexus in the MENA region and did a quantitative analysis based on 

the systems approach to evaluate the comparative dependency of electricity production on 

freshwater and seawater (Siddiqi & Anadon, 2011). The system dynamics approach has also 

been effectively used to model the Water-Energy-Food nexus and the Water-Energy-Climate 

nexus in the UAE (Shrestha & Kumar, 2017) . 
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Figure 2.5. Causal Loop Diagram of Water Demand in Energy Sector (Zhuang, 2014). 

This Causal Loop Diagram of Energy demand in Water Sector shows the reinforcing 

(positive sign) and balancing (negative sign) loops that are part of the water energy nexus when 

it comes to energy consumption in water extraction, purification, distribution and wastewater 

treatment (Zhuang, 2014). 

2.4. Sankey Diagram Analysis 

Sankey Diagrams are flow charts that can be used to visualize different flows based on the 

width of the branches. They are great representations for how flows occur from primary sources 

to the consumption sector along with losses. They are also a good way to visualize different 

system breakdowns, for example, it is easy to see that oil production makes up a major chunk of 

primary energy source in the UAE in the following figure.  
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Figure 2.6. Energy Sankey Diagram of the UAE. Source (International Energy Agency, 2016) 

Figure 2.6 shows the UAE energy Sankey diagram. It can be seen that oil and coal still make 

the largest fuel supply in the country despite this attempt to transition towards renewables. 

Renewables make a small percentage in the other production section in the diagram above. 

Moreover, the UAE relies on an International market for fuel imports and exports. Apart from 

exporting oil, it is interesting to see that the UAE imports some bio-waste and electricity from its 

immediate neighbors. 

2.5. WEAP and LEAP Modeling 

The Water Evaluation and Planning System (WEAP) and the Long-range Energy 

Alternatives Planning System (LEAP) are discipline centric spreadsheets or modeling 

frameworks that were developed by the Stockholm Environment Institute (SEI) for 

interdisciplinary water and energy research. WEAP looks at water and energy demands based on 

agricultural pumping and desalination for commercial and residential uses. The energy use gets 

passed onto LEAP. WEAP is a spatial model that simulates water supply and demand 

incorporating climatic conditions. Climatic data is incorporated to reflect how climate change 

will affect water demand and energy use for this sector in WEAP. Figure 2.7 explains how the 

integrated models are inter-connected. 
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Figure 2.7.  The interdependencies of the WEAP and LEAP models (Yates & Miller, 2013).  

In the above figure the red shows the energy side while the blue shows the water side. 

The text colors represent the cross model dependencies, for example cooling requirements 

(shown in red color on top right) depend on electricity demand that LEAP calculates but the 

water requirement is estimate in WEAP. Similarly, the water needed for hydropower plants is 

calculated in WEAP but accounts for energy supply in LEAP. The following figure shows how 

the two models can be coupled together. 

The advantages of using WEAP and LEAP are that these are spatial models that allow regional 

insights. The power of the WEAP and LEAP models lies in the option to conduct a detailed 

scenario analysis and the option to plot graphs for a wide range of variables that enable not only 

a physical approach to the water-energy nexus but also an economic analysis, for example, the 

net benefits variable and the average costs of water variable.  

 A review of these research methods shows that there has been a diverse set of techniques 

and visualizations used to study and represents results from the water-energy nexus. It can be 

seen that many optimizations studies have been used for the water-energy nexus in the UAE. 

These studies provide great insight into the networks through an engineering systems perspective 

and can help design systems better. This study, on the other hand, takes a different approach to 

studying the nexus in the UAE. It employs a more simple simulation modeling instead of and 

runs different adaptation policy scenarios under climate change. This simulation modeling is 

done through WEAP and LEAP that enable a deeper analysis of the water-energy nexus through 
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a demand sector and sub-regional lens. This approach helps authorities identified in the next 

chapter to develop long-term plans based on a policy-driven spatial analysis.  
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3. Qualitative Research on the Water-Energy Nexus in Context of the UAE 

This chapter provides is an important step towards contextualizing the water-energy nexus 

within the UAE. It creates a backdrop of qualitative research methods before delving into the 

modeling exercise that this study aims to achieve. The first section briefly summarizes the 

economics of the water-energy nexus in the UAE and the role these sectors have played in the 

economic development of the UAE. It also elaborates on the long-terms plans and goals that the 

government has set for the UAE. The second section deals with a cross-sectional institutional 

analysis. The institutional mapping exercise identifies important governmental and non-

governmental stakeholders in the water-energy nexus and their respective initiatives in this 

sector. It also tracks the laws and policies that govern the water-energy nexus. Along with this, 

the energy and water supply and demand trend analysis at the end of this chapter creates a sense 

of the evolutionary trajectory of the nexus with regards to the UAE.  

3.1. Economic Overview of the Water-Energy Nexus in the UAE 

The United Arab Emirates (UAE) is a federation of seven emirates at the Southeast end of 

the Arabian Peninsula bordering Saudi Arabia to the South and Oman to the east.  As the second 

largest economy in the Middle East, the UAE has enjoyed rapid development since its founding.  

Its oil reserves, recorded at six percent of the worldôs total, has historically been its main export 

and the underpinning of its economy.  In 2017, petroleum products accounted for 50% of its US$ 

142 billion total exports, in part due to the federationôs continued effort to diversify its 

economy.    

While diversification of the economy contributes to future economy growth, a similar approach 

in electricity usage is required in order to sustain the corresponding increase in usage.  In 2017, 

the UAE government set out the following goals for diversification of energy generation and 

reduction of carbon emission in 2050: 44 percent from renewable energy sources, 38 percent 

from natural gas, 12 percent from clean coal, 6 percent from nuclear power, and an overall 

reduction of carbon dioxide emission of 70 percent (UAE Ministry of Energy and Industry, 

2018). The reality is that in 2016, of the 28.8 GW total installed generation capacity, 92.4 

percent was natural gas based, up from 87 percent in 2015 (US Energy Information 

Adminstration, 2017).  On the demand side, electricity consumption in the UAE has more than 

doubled in a decade from just over 54 GW in 2005 to nearly 127 GW in 2015 (CEIC Data, 
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2015).  Per capita, electricity consumption is among the highest in the world at about 11 

thousand kWh (CEIC Data, 2015).  

 In the same year, the Water Security Plan for 206 was announced aiming at improving 

efficiency of the water supply and demand management along with emergency production and 

distribution. According to the Official Government Portal, ñthe overall objectives of the strategy 

are to reduce total demand for water resources by 21 percent, increase the water productivity 

index to USD 110 per cubic meter, reduce the water scarcity index by three degrees, increase the 

reuse of treated water to 95 percent and increase national water storage capacity up to two daysò 

(Ministry of Energy and Industry, 2017). However, like the electricity sector, water demands 

have significantly grown in the last two decades and there is a greater inbuilt capacity of 

generation through Multi-Stage Flash desalination plants in the UAE. However, the government 

is pushing this transition towards solar-driven Reverse Osmosis through new projects such as the 

Taweelah Reverse Osmosis project which is going to be the worldôs largest desalination facility 

(Kader, 2018).  

The implementation of policies transforming the status quo to meet the ambitious goals set in 

UAE National Energy Plan 2050 demand cooperation from several key government entities and 

utilities in the power and water sector. The UAE Water Strategy Plan of 2036 also set six 

different connecting networks between water and energy entities in the UAE.  

This diversification effort includes direct government investments in infrastructure 

expansion and improvements, high education institutions, aerospace and IT industries, and the 

development of a nuclear energy program with the goal of building four nuclear power reactors 

by 2020. On the clean-tech front, Masdar City is a 22 billion dollar project underway that aspires 

to be the worldôs most sustainable urban communities, a low-carbon development made up of a 

rapidly growing clean-tech cluster, business free zone and residential neighborhood with 

restaurants, shops and public green spaces. Projects such as Masdar City benefit from both 

foreign investments and labor. The UAE set up free trade zones offering full ownership and zero 

taxes, which over-time attracted over 17,000 companies and FDI estimated at over US$73 

billion. The foreign investment in any of UAEôs three stock exchanges is unrestricted with the 

exception of government-related entities foreign investors.  Foreign workers accounts for over 

80% of UAEôs 9.4 million population (2017), with roughly 1.1 million migrant construction 
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workers help making ambitious infrastructures projects, luxury hotels, large port facilities, and 

stunning skyscrapers a reality.  The almost 16 million tourists that poured into Dubai in 2018 is a 

testament to the success of these projects and the increased economic diversity of the UAE 

(Australian Government Department of Foreign Affairs and Trade, 2019). 

3.2. Institutional Analysis 

An Institutional analysis was used to map the evolution and jurisdiction of organizations in 

the water sector, energy sector and also joint organizations embodying the nexus. This was done 

by preparing an excel spreadsheet which had years as the rows and institutions as columns 

including international government organizations, UAE federal authorities, emirate-level 

authorities, public-private entities, UAE NGO and university programs, policies and initiatives. 

This section discusses the columns on the spreadsheet which constitute a cross-sectional analysis 

of current institutions in the UAE water-energy nexus. 

 

Figure 3.1. Institutional Mapping Sheet with organizational entities and policies as columns and 

years as rows 

At the national level, The Ministry of Energy and Industry (MOEI) was formed as the 

principle entity to ñensure the organization, proposal of policies and the preparation of future 

strategies for industrial developmentò (UAE Ministry of Energy and Industry, 2019).  The 

Ministry of Climate Change and Environment (MOCCAE) is responsible for developing plans, 
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strategies, and policies related to the environment and mitigation of climate change (UAE 

Ministry of Climate Change and Environment, 2019).  These two national ministries coordinate 

with other regulatory agencies and utilities at the individual emirate level. In Abu Dhabi emirate, 

the Department of Energy (DoE-AD) was established in 2018 as the agency responsible for 

planning and direction of Abu Dhabi's energy sector, as well as regulating the industry (UAE 

Department of Energy, 2019).  The DoE-AD absorbed the former Abu Dhabi Water and 

Electricity Authority (ADWEA), which through its fully owned subsidiary, the Abu Dhabi Water 

and Electricity Company (ADWEC) acts as the single buyer and seller of water and electricity.  

ADWEC performs this function by entering long term agreements with independent power 

producers (IPPs), independent water and power producers (IWPPs), and distribution companies 

(DISCOs), most of which are partially owned by the former ADWEA (Abu Dhabi Water and 

Electricity Company, 2019) . The Abu Dhabi water and energy organizational structure can be 

depicted in the following diagram. 

 

Figure 3.2. Abu Dhabi electricity and water organizational structure (Paul, Al-Tenaiji, & 

Braimah, 2016) 

As shown in this figure 3.2, the Independent Water and Power Producers (IWPPs) and 

Generation and Desalination systems (GDs) operate under 20 yearlong power and water 

purchase agreements with the ADWEC being the sole buyer of the water and electricity 

products. The regulation of ADWEC and these IWPPs along with granting and monitoring 

licensing comes under the responsibility of the Regulation and Supervision Bureau (RSB).  
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 Until recently, the Dubai Electricity and Water Authority (DEWA) owned and operated all 

facets of the sector from generation to distribution (UAE Ministry of Energy and Industry, 2018). 

To meet rising electricity demand and generation fuel mix diversification goal, the emirate is 

moving towards a IWPPs and IPPs model.  Starting in 2015 with the clean coal power 1.2 GW 

Hassyan plant and the 200MW second phase of the Mohammed Rashid solar park, DEWA 

continue to award contracts to enhance the emirateôs portfolio of clean and renewable fuel 

sources in order to decrease its reliance on natural gas (US Energy Information Adminstration, 

2017).    

The Sharjah Electricity and Water Authority(SEWA) and Federal Electricity and Water 

Authority (FEWA) provides electricity and water to Sharjah and the four Northern Emirates 

through mostly gas and diesel generation, but have not set renewable energy goals (UAE 

Ministry of Energy and Industry, 2018). 

In the coming years, UAE will increase its reliance on IPPs and IWPPs for new 

electricity generation capability. The four-reactor 5.6 GW Barakah Nuclear Power Plant project 

has been under contraction since 2012, commissioned by the state run Emirates Nuclear Energy 

Corporation (ENEC) and built by a coalition of contractors with Korea Electric Power 

Corporation as the lead (US Energy Information Adminstration, 2017).  The completed Barakah 

plant in 2020 is expected to meet about 25% of the projected energy need of the country.  The 

Sheikh Mohammed bin Rashid Solar Park is the largest single-site solar park in the world with a 

potential 5GW generation capacity, of which 213 MW has been online and 800MW awarded to a 

consortium led by Masdar (US Energy Information Adminstration, 2017).  

 Increased demand in the water and energy sector has led to privatization of desalination 

plants in the UAE. The setting up of Independent Water and Power Projects (IWPPs) allowed 

foreign companies to form joint ventures with state owned companies. In each IWPP, the private 

company owns a 40% share while the government entity owns 60% of the share.  This has 

improved efficiency and promoted the adoption of new technologies on the front of the water-

energy nexus (Fanack Water, 2017).  
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Figure 3.3. Institutional Chart of the water-energy nexus in the UAE. 

Figure 3.3 illustrates the water-energy nexus related organizational structuring of the 

UAE. The Ministry of Energy and Industry at the federal levels monitors and regulates water and 

energy institutions across emirates. It directly works with the Federal Electricity and Water 

Authority (FEWA) which is responsible for the northern emirates of Ajman, Umm Al Quwain, 

Ras Al Khaimah and Fujairah (UAE Government, 2019). The Ministry of Energy and Industry 

directly monitors the Department of Energy in Abu Dhabi, Dubai Electricity and Water 

Authority (DEWA) and Sharjah Electricity and Water Authority (SEWA).  There are gaps in 

institutional collaborations between FEWA and the southern emirates.  

The Ministry of Climate Change and Environment works across the water-energy nexus issues 

under climate change. It directly works with the Environment Agency in Abu Dhabi (EAD) 

(formerly the Abu Dhabi Water and Electricity Authority (ADWEA)), Environment Protection 

and Development Authority in Ras Al Khaimah and the Environment and Protected Areas 

Authority in Sharjah (UAE Government, 2019). It also directly works with the emirate 

municipalities of Dubai, Ajman, Umm Al Quwain and Fujairah. However, the Ministry of 

Climate Change and Environment does not work with other important federal ministries of 
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Energy and Industry; and Infrastructure and Development. It also does not work with the water 

and energy institutions under different emirates. These institutions include Department of 

Energy- Abu Dhabi, DEWA and SEWA.  

At the emirate level, there are the emirate governments or what are called municipalities 

in the UAE. There are seven administrative municipalities, each representing an emirate. The 

water and energy institutions that operate under these municipalities include environmental 

authorities and water-energy nexus authorities such as DEWA. These two types of authorities do 

not work together. The water-energy nexus authorities such as Ministry of Energy- Abu Dhabi 

have multiple subsidiaries working under them. This includes the Emirates Water and Electricity 

Company (EWEC) which was renamed from Abu Dhabi Water and Electricity Company 

(ADWEC) in 2018 (Gulf News Business, 2018). EWEC would now work closely with FEWA. 

These subsidiaries are regulated by the Regulation and Supervision Bureau (RSB) for the emirate 

of Abu Dhabi. Other emirate level institutions are only regulated by the Ministry of Energy and 

Industry. Another missing link at this level is between emirate level environment agencies and 

water and electricity subsidiary companies.  

 This Institutional Analysis piece emphasizes the need for organizations to operate at the 

cross-section of both energy and water systems to achieve long-term sustainability goals. This 

piece also sheds light on the dynamic restructuring that most organizations in the UAE have 

undergone. For instance, the Ministry of Environment and Water evolved to include domestic 

climate change affairs in 2016 (UAE Ministry of Climate Change and Environment, 2019).  

Moreover, there has been a growth of collaborative initiatives between different water and 

energy entities in the UAE.  

3.3. Demand and Supply Trend Analysis 

This section analyses data published in a Statistical report released by ADWEA in 2016 that 

covers water and electricity statistics in the region from 1999 to 2016. It includes statistics for 

Abu Dhabi, Al Ain and the Western region while system refers Sharjah and Dubai along with 

Abu Dhabi, Al Ain and Western Region. However, Individual statistics of Dubai and Sharjah are 

not available in this report. The purpose of this section is to organize available data into charts 

and graphs, in order to describe trends in demand and supply for different regions and months 

and observe basic correlations between the electricity and water statistics. Overviewing the 
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historical energy and water demands enable us to consider how these historical trends factor in to 

the demand and supply projections. 

3.3.1. Annual Energy Demand by Region 

 

Figure 3.4. Annual Energy demand trends for the world, system (UAE) and key sub-regions in 

the UAE 

The graph in Figure 3.4 shows how Gross Annual Energy Demand varies across the different 

regions over the years 1999-2016. Here, the global trends are seen along with regional (GCC 

trends) and the system (UAE) trends. This graph also includes sub-regional energy trends of Abu 

Dhabi, Al-Ain and Western region while the other sub-regions are cumulatively shown under the 

system trend line. A sudden hike in global energy including GCC energy demand can be seen in 

2007 and it dips back in 2008.A possible explanation of this fluctuation could be the global 

financial crisis of 2007-2008. From there on, there is a linear growth in demand. The demand has 

grown the most for Western region and the least for Al Ain in the UAE, which will be interesting 

to compare with modeling results in later chapters. 
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3.3.2. System Energy Demand by Month  

 

Figure 3.5. UAE energy demand by month 

Figure 3.5 shows how the whole system energy demand for the UAE as it grew from 2007 to 

2016. The seasonality can be observed through the seasonal periodicity in energy demands. The 

highest demand was observed in the month of August because of cooling requirements while the 

lowest is observed in February. There has been an overall 7.2% growth in Augustôs energy 

demand from 2007 to 2016. This reflects the demand in cooling requirement in these past years.  

3.3.3. Annual Water Production by Region 
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Figure 3.6. Annual water production by sub-regions in the UAE. 

The plot in Figure 3.6 shows how the annual water production by region has varied from 

1999 to 2016. The water production to meet water demand can be seen to have grown. Along 

with this, it is worthy to note that the largest increase in annual average growth was seen in 

Fujairah IWPP Production and the lowest growth was seen in Abu Dhabi region. This could 

potentially reflect a rapid population growth in Fujairah while Abu Dhabi water demands were 

pretty stable.  

3.3.4. Water and Energy Systems Side-by-Side Trend and Correlation 

 

Figure 3.7. Side by side water and energy trends for the UAE   

Figure 3.7 is a plot of the water and energy demands in the UAE from 1999 to 2016. A 

significant rise on both demands can be observed. An investigation into their correlation showed 

a statistically significant correlation of 0.79 with p value <0.005. This means a strong a positive 

correlation between the two systems. Hence, confirming the existence of a strong nexus.  

 This chapter provides qualitative insights into the UAE water-energy nexus. It was 

observed that the UAE has developed extensive long-term plans for their water and energy 

systems. The government is promoting the transition to renewables. Along with this, more inter-

organizational connections and collaboration being developed to collectively plan for the energy 

and water systems in the UAE. The Institutional analysis piece shows the linkages of UAE 
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entities to operate at the water-energy intersection and the dynamic organizational restructuring 

in this sphere. The last piece of trend analysis confirms the need for organizational synergies and 

long-term sustainability frameworks as the water and energy demands in the UAE significantly 

rise.  
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4. Examining Previous Quantitative Research done through WEAP-LEAP 

This chapter dives into the fundamentals of the analytical part of the thesis as inspired by a 

WEAP-LEAP assessment conducted by the Abu Dhabi Global Environmental Data Initiative 

(AGEDI). This was the first study that conducted a long-term policy scenario analysis in the 

UAE. Therefore, this chapter covers the comprehensive AGEDI study by first introducing the 

reader to the modeling tools of WEAP and LEAP. Second, it follows through the policy design 

process that AGEDI went through in order to guide through policy design for this thesis. Third, it 

analyzes sub-regional demand projections under the Business-as-Usual (BAU) scenario of the 

AGEDI study.  

4.1. Introduction to AGEDI WEAP and LEAP Model Structures 

The Abu Dhabi Global Data Initiative (AGEDI) developed a UAE wide study of the Water-

Energy Nexus using an integrated water and energy planning framework based on the Water 

Evaluation and Planning (WEAP) and Long-range Energy Analysis and Planning (LEAP) 

decision support system. The water systems model divides the country into five water resource 

demand and supply zones (regions) that consider municipal, industrial, and agriculture demands 

supplied by both desalination and groundwater The models of water and energy demand in 

WEAP and LEAP include climate dependent factors. AGEDI have demonstrated how the 

integrated WEAP-LEAP modeling framework can be used to evaluate various future water and 

energy policies, and have done so in an incremental fashion, by first developing a policy scenario 

focused on demand side interventions called the High Efficiency (HE) scenario and then a 

supply-oriented scenario called the Natural Resource Protection (NRP) scenario.   

4.1.1. Water Evaluation and Planning (WEAP) 

WEAP is a simulation based water evaluation and planning model. It follows a spatial format 

that allows the user to create supply and demand nodes. Supply nodes can include aquifers, 

desalination plants, wastewater treatment plants, etc. while demand nodes include different 

demand regions that that the user can categorize into sectors. For this study, AGEDI divided the 

demand sectors in the UAE into agriculture, outdoor, indoor and amenities sectors. Figure 4.1 

shows the schematic of the WEAP model map of the UAE water network including transmission 

links along with demand and supply nodes.  
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Figure 4.1. Zoomed in WEAP model structure for Abu Dhabi (including Abu Dhabi, Al 

Ain and Western region sub-regions) 

Figure 4.1 shows the zoomed in screenshot of the Abu Dhabi emirate from the WEAP model. 

This schematic includes desalination plants, return flow networks, national aquifers, wastewater 

treatment facilities, demand catchment sites, etc. WEAP provides a holistic picture of the water 

network in this region.  

4.1.2. Long-range Energy Analysis and Planning (LEAP) 

LEAP simulates energy supply (generation) and demand. The strength of LEAP is that it 

allows us to track the carbon equivalent of fuel sources like natural gas and coal, etc. It functions 

by mining datasets and building relationship between water and energy systems to model the 

nexus. It enables the development of scenarios that are linkable to other softwares such as 
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WEAP. It analyzes greenhouse emissions levels and does the cost and benefit analysis of 

different policy alternatives. The process of data mining of local and international data resources 

by LEAP to build credible models of water-energy system of the UAE is shown using a 

schematic in figure 4.2 (Stockholm Environment Institute, 2005). 

The LEAP model follows a Sankey diagram as shown in the figure below. 

 

Figure 4.2. UAE LEAP Sankey structure.  

This figure is a schematic of the LEAP model structure that models the energy sector 

from primary fuel sources to the electricity generation process to the consumption sector. This 

Sankey diagram maps the information made available by the International Energy Agency on 

their website.  

There are multiple levels of representations in the AGEDI LEAP model. It divides the country 

into six modeling regions (Western, Abu Dhabi, Al Ain, Dubai, Fujairah, and Eastern). This 

includes Dubai, the Eastern Region and the Fujairah Region, with shared groundwater access 

between these three demands regions. Dubai and the Eastern Region emirates share wastewater 

treatment capacity and desalinated water sources, but have distinct urban indoor, outdoor, 

amenity and agricultural demand sites. The Fujairah Region has its own wastewater treatment 

plan.  
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Figure 4.3. LEAP model structure for the UAE 

This representation shows the aggregate supply and demand for all of the UAE, however it 

has high level of detail for the sub-regions. Water use is divided into different sectors of 

agriculture demand, amenity demand, indoor demand and outdoor demand. On the supply side 

we have different types of technologies that produce this water such as RO, MSF and MED. For 

each region we have a representation of those supply technologies as well as groundwater. 

 
















































































































