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Water, Electricity and Cost savings for ividual Policy Scenarios



Abstract

Water and Energy systenisat were once considered disparate, coupled in many ways.
Generation, transmission and distribution of each system relies on the other $ystem.
interadion becomesignificantly stronger in economies dependent on desalinfardheir
water resources. One such countrihiss United Arab Emirate§ he watetfenergy nexus faces
serious challenges under climate chaageooling needs and outdoor water dedsarise This
thesis models the impact of climate change on the veaiergy nexus in the UAE. It explores a
set of climate change adaptation policy scenarios and quantifies their respective economic, water
and energy savingklence, it provides an anaigal assessment of the nexus that céorim
datadriven policy makingThis thesis views the nexus through a qualitative lens and a
guantitative lens. The qualitative piece presents the organizational mapping and structuring of
the UAE institutions acrogbe waterenergyclimate nexus. It highlights gaps in cres=ctoral
interactions that need to be overcome for a sustainable future. The second piece presented in this
thesis is analytical in nature. It uses two specialized water and energy softwadthe&llater
Evaluation and Planning System (WEAP) and the biamge Energy Alternatives Planning
System (LEAP)RNd couples them together to model the nekhes.waterenergy nexus model is
tested for different individual and aggregatiaptatiorpolicy scenarios to assess a wide range of
effects on the nexu$hese scenarios are alsm ffior six subregions within the UAE (Abu
Dhabi, Al Ain, Western regionDubai, Eastern regioand Fujairah) to understand the underlying
demand sectors driving the watrergy nexus in these subgions.The result®f thisextensive
scenario analysisave informegolicy recommendationfer long-term planning of the water
energy nexus in the UAHEmportant findings from this study include thege savings potential
from indoor consumptioredudion (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 eletyrjwer year by 2060h the
UAE. The subregional analysitighlights the need faubregionalized policy goals that govern

regions based on theiemand differences.



1. Introduction

Water and energy systems are inherently intertwined #ivecproductiorand distributiorof
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 tfsdesn exis{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 excssive heat during electricity production for desalination. Howdworg term planning
for both systems as a nexus is required. The nexus also faces serious challenges from climate
change as adaptation strategi es.Astudgconducteds i n g
by a team of MIT researchers led by Professor Jeremy Bd&rafessor Elfatih Eltahshows
that extremdneatwaves in the Arab Gulf couhdake the region inhabitable by 2070 if carbon
emissions remain unc(®al & Eltahir, 2016) The UAE is already a water scarce region and
with the increase of temperatures and decrease in rainfall in the region, themneaitgr nexus
will be impacted on both the supply and demand didi@gonen, Q15). Decreased rainfall and
high temperature will result in waning water supply and increased energy demand for cooling
purposes and extraction and production of wgkederne, 2016)Figure 1.1 shows the overlaid
maps of he water and electricity grid networks in the UAE showing an inherent coupling in both

the supply and consumption sectors.



N a
) S
Arabian Gulf oo 20
QATAR - /,é;,,.
{ &« 25
Qs
- _ / Jeb©eﬁ\ e
% N i OWeelah
= \ A
v %1 AMPC ~ ‘A s
. od g . »‘i i n} Al Nar
. - ABU DHABI =55, TFO a
B PN - <. HE . O YN :
UAE
Natic $
oft and gas plant .. s ~ @
s
e
oo
—
O ODesalination plant SAUDI ARABIA T
T T T Under comtruction/planaed B ;. T
Source: ADWEC 2015 Wildcat International F2-LLC, The Ol & Gas Year Abu Dhabi 2015. All rights reserved

Figure 1.1. Map of the ADWEC electricity and water netw(@&RWEC, 2015)

Figure 1.1 shows the watend electricity grid maps @he Abu Dhabi water and
Electricity CompanyADWEC). Power plants and desalination plants arocated at Umm al
Nar and Taweelah in Abu Dhabi; Mirfa and Shuweihat in Western region and AhdiQidfa
(Fujairah). This maponfirms 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 insigimstfre analysis to make policy
recommendations. This is done by conducting atteanalysis including a qualitative analysis
and a quantitative analysiBhe qualitative pat includes amstitutionalanalysiswhichinvolves
mapping the evolution of défent water and energy institutions in the UAE and a «essonal
analysis including the policies created and initiatives taken for improvement of the effiofen
the nexus. Thquantitative 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



and supplies. The results not only show potential water and energgsaut also economic
monetary benefit tdhe UAE whichcan inform longterm planning in the UAE. Along with this,

this thesis provides the first ever focus on regionalization of theswaggy nexus in the UAE

The value added of this thesis is thawill 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 #interactions, balances and tradeoffs of the wetergy nexus under climate
change. Thaature of this study is transdisciplinary, therefore a variety of qualitative and

guantitative tools have been employed to study the vesiergy nexus.

The Problenframing and Representation of the Nexus chapter entails the framing of the
waterenergy nexus in previous literature anégimineskey graphical representationstbé
nexus. The qualitative methods chapter employs the technique of institutional analysis an
simple trend analysis to study the organizational structures in the UAE that goveateéhe
energy nexus. Thguantitative studies chapter delve into previous quantitative studies of the
waterenergy nexus in the UAE and focuses on a study done #bih®habi Global Data
Initiative (AGEDI). This studyforms the foundation of my thesis as it uses the integrated
WEAP-LEAP tookto analyze the watenergy nexusi the UAE and test scenaridghe fifth
chapter forms the crux of my research which tesidified disaggregate scenarios as an
extension to the AGEDI study as well as-sabionalizes 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 hakre tapability of producing most gains in the-sebions. This
chapter is followed by policy recommendations based on the results of the \\EAXPpolicy

scenario analysis.



2. Problem Framing and Representations of the Nexus

This chapter presents a reviefweaisting methods employed to study the waeergy
nexus. This is being done to provide a knowledge base of existing methods and resources in
literature o build a research foundatiofhis systematic review can also help in the development
analytical bols that can add on to existing research and can give us a more holistic view of the
waterenergy nexus. Albrecht et @018)conducted a similar systematic review of literature on
the WaterEnergy and Food nesuThey shortlisted articlébat were mogpromising in terms of
guiding future esearch whereas this study vidtus on categorizing different tools used to study
the waterenergy nexus as well as the range of graphical representations that best visualized the
results(Albrecht, Crootof, & Scott, 2018A systemcharacterization ahe waterenergy nexus
will show how these integrated systems haverbeodeled and visualized to provaleseful

premise for this research.

The simplest diagrammatic representation efilaterenergy 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 intedependencies of the water and energy systems embodying theeneaitgy
nexus(US Department of Energy, 260

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, wéilergy is required for
pumping, transmitting and treating wastewater. Thisavesarlyendeavor by the Department of
energy to visualize the watenergy nexus. There has been a lot more work on visualization and
studying the wateenergy nexus after thidiagammatic representatioAn extensive literature
review has helped with categorizing the various methods used to study and representthe water
energy nexus across the globe.

2.1.Optimization M odels

Optimization models have been the most popular apprtmavards the watexnergy 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 prioritizrgoals and meeting objectives. For example, Dubreuil et al
built a resourcallocation optimization model for energy in the Middle East by integrating waste
water and nortonventional water resource variab{Bsibreuil, AssoumouBouckaert, Selosse,

& Maizi, 2013) Lubega and Farid built the first @aptimization 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 aogiimization strategy from a purely engineering
systems perspectifeubega & Farid, 2014 )ollowing that, the muHkplant model for reatime
simultaneous economic dispatch of power and water was developed for thgSatBosh,

Farid, & YoucefToumi, 2014) Then came the different capacity expansion optimization and
ramping capabilities models of desalination and power plants in the(B&AE& Almansoori,
2016) More recenstudies have incorporated renewable energy sources in these optimization
models reaching the conclusion that integration of renewables decreases both carbon emissions
and water withdrawal@Hickman, Muzhikyan, & Farid, 2017These studies tend to build a
unigue optimization model and apply it tdfdrent scenarios and then demonstth&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 (@iliate, 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)Iin case of decision modeling, multiplbjective

programming (MOP) and Bevel Programming have been used in the realm of the \wat¥gy

nexus to assist decision makers in devising frameworks involving-emagsgyclimate tradeoffs

and interactions. Al n MOPsmultanebusly (atthesameldgved)ct i v e
while in bilevel programming, optimization of multiple objectives are performed from the
uppertothelowerl evel 0 of deci s(Zhamy & Wesdelinov,201B6Huzy ar c hy
Goal Progamming integrates both decision optimization model @source allocation model. It
assignsa numerical value of a goal and tries to minimize the distance no&tgoalsfrom the

objective functions in the decision process. Javaraman et al have ptes&nizezy Goal

Programming perspective on UAE to assess ecangoals with respect to energy aneter
consumption(Jayaraman, Liuzzi, Colapinto, & Malik, 2017)

Li et al present aepresentation of the nex(lSigure 2.2) andbuild a ceoptimization
mathematical model for the micro watmergy nexus on the distribution sidd@isTis
synonymous witta smple cyberphysical system where utilities are governed by internet of
things (loT) The electricity distribution side incled a micro grid distribution network while the
water distribution side entails pipes, pumps and tanks(let/u, Al-Sumaiti, & Turitsyn,

2018)
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Figure 2.2. Urban wateenergy system@.i, Yu, Al-Sumaiti, & Turitsyn, 2018)
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The results of these optimization models are represented in different forms, mostly flow
diagramsLubega and Farid have done the most work on graphical representation of the water
energy nexus through a systems enginegyergpective to show the flow of materials and
energy in the wateenergy 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.dmodeling tool they have developed for this purpose is based on
Systems Machine Learning@.he first diagram (Figure 2.3) that runs through both their papers is
the system boundary inpatutput model diagram, which is important in terms of designing or
ergineering of a facility Thediagram 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. Hamnghing that is on the grid network
is repesentedvithin the system boundafi.ubega & Farid, 2014)
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Figure 2.3. System Boundary and Internal Block Diagflanbega & Farid, 2014)
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Venkatesh eal (2014)present a similar matter and energy flow diagrartihetirban
waterenergycarbon 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 indgatokey
parametes to represent this nexus: The raw watgrpdy, water treatment plants, water
distribution network, wastewater collection and wastewagatrnent because they are energy
intensive processeRaw water is acquired through extraction esaination. 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 conssgre&ectricity 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 img&entakesh, Chan, & Bratbo, 2014)

| Mpodereendt [Hp Lamgiepemer Chpor) | Debofiooget [ Rt |

P i o i 7 e
P et e | sBpe sagnoglly

Ramiw meal (gl i

Figure 2.4.0slo waterenergycarbon nexus themat{¥/entakesh, Chan, & Brattebo, 2014)

2.2.Life Cycle Analysis and Input-Output Models:

In terms of mathematical models, there has been less work done ored fiovi analysis
for waterenergy systems. Life cycle analysis has been used in the retiewmaiterenergy
nexus asn integrated framework faracing multiple flows in the watesnergy sector and then
incorporating them with other analyses. For exanphng and Chen combined inpuitput

analysis and network environ analysis to map electricity generation related water consumption
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and costs for the wind power systems in Cliviang & Chen, 2016)This approach has helped
in devising water and energy conserving strategies for vgattiessed Inner Mongolia in China
(Yang & Chen, 2016)

A subset of life cycle analysis input-output models. A study was conducted using the case
study of Beijing that etailed a modified inpubutput analysis of urban energy and water
consumption. It took into account the hybrid water finat includes direct water flow amnchter
flow pertinent to energy pduction and combined it withybrid energy flow including theigkct
energy flow and the energy flow associated with water production and distrifB&idn
Mezher, & Arafat, 2014)This hybrid flow network was then modeled to assess impact of-water
energy nexus flows on the economic secising inpuoutpu analysis. The results identified the
largest inflow and outflow sectors. Induysmanufacturing was found to result in faegest
outflow of hybrid energy while agriculture was found torekant onthe largest inflow of hybrid
watea (Wang, Cao, & Chen, 2017Qther studies incorporate inpotitput analysis to assess
interconnections of water and electricity, water for electricity and electricity for water and to
track resource and carbon emission flowd their complex interactions with the economy
(Chen, et al., 2017).ife cycle assessment models hadistic in hature and systeenn process,
however they require a lot of data and the methodologies used to assess emaonmeacts
can influence the modéChen & Chen, 2011)

2.3.System Dynamics
Systems approach is one of the most applied methodologies in the research-ehesaper
nexus. It is a useful tool to articulate the complicatediogiships between different variables
including endogenous variables (water consumption, water demand, energy demand, etc.) and
exogenous variables (land, climate, food, €@i)& Chang, 2011)It incorporates various
feedbak loops and quantifies system interactions. The use of stocks and flows is key in
understanding the nex(@/olfe, et al., 2016) Siddiqgi conductedbne of the first suiegional
studies othe waterenergy nexus in the MENA raan and did a quantitative analysis based on
the systems approach to evaluate the comparative dependency of electricity production on
freshwater and seawat@iddigi & Anadon, 2011)The system dynamics approach has also
beeneffectively used to model the WatEnergyFood nexus and the WatEnergyClimate
nexus in the UAEShrestha & Kumar, 2017)
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Figure 2.5. Causal Loop Diagram of Water Demand in Energy S&ttoarg, 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, purificatistrjlslition and wastewater
treatmen{Zhuang, 2014)

2.4.Sankey DiagramAnalysis

Sankey Diagrams are flow charts that can be used to visualize different flows based on the
width of the branches. They are great representatiom®iflows occur from primary sources
to the consumption sector along with losses. They are also a good way to visualize different
systembreakdowns, for example, it is easy to see that oil production makes up a major chunk of

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

Figure 2.6 shows thg AE energySankey diagram. It can be sdbat oil and coal still make
the largest fuesupply 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.fropart
exporting oll, it is interesting to see that the UAE imports somavaste and electricity from its
immediate neighbors.

2.5.WEAP and LEAP Modeling

The Water Evaluation and Planning System (WEAP) and the-taoimge Energy
Alternatives Planning SystemEIAP) are discipline centric spreadsheets or modeling
frameworks that were developed by the Stockholm Environment Institute (SEI) for
interdisciplinary water and engy research. WEAP lookswahterand energglemand based on
agricultural pumping and desahtion for commecial and residential uses. Theergy use gets
passed onto LEAP. WEAP isspatialmodelthatsimulates 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 WBAgure 2.7explains how the

integrated models are inteonnected.
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In the above figuréhe red shows the energy side while the Blu@ws the water side.
The textcolors represerthe cross model dependencies, for example cooling requirements
(shown in red color on top right) depend on electricity demand that LEAP calculates but the
water reguirement 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 LEAPthed 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 variatleadble not only

a physicahpproab to the wateenergy nexus but also an economic analysis, for example, the

net benefits variable and the average costs of water variable.

A review ofthese research methods shows that there has been a diverse set of techniques
and visualizations used study and represents results from the wateargy nexus. It can be
seen that many optimizations studies have been used for theanatgy 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 emplaysnore simplesimulation modeling instead ahd
runs different adaptation policy scenarios under climate changs.sithulation modeling is
done througlWEAP and LEAP that enable a deeper analyste®ivaterenergy nexus through
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a demand sector and stdgional lens. This approach helps authorities identified in the next

chapter to develop loagrm plans based onpalicy-driven spatial analysis.
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3. Qualitative Research on the WatetEnergy Nexus in Context of the UAE

This chapter provides is an important step towards contextualizing theemargyynexus
within the UAE. It creates a backdrop of qualitative redearethods before delving into the
modeling exercise that this study aims to achieve. The first section briefly summarizes the
economics of the wata@mergy nexus in the UAE and the role these sectors have played in the
economic development of the UAE. Ita elaborates on the lostgrms plans and goals that the
government has set for the UAE. The second section deals with sseat®sal institutional
analysis. The institutionahapping exercise identifies important governmental and non
governmental staholders in the waternergy nexus and their respective initiatives in this
sector. It also tracks the laws and policies that govern the-emaéegy nexus. Along with this,
the energy and water supply and demand trend analysis end of this chaptereates a sense

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

3.1.Economic Overview of the WaterEnergy Nexus in the UAE

The United Arab Emirates (UAE) is a federation of seven emirates at the Southeast end of
the Arabian Peninsula bardng Saudi Arabia to the South and Oman to the éesthe second
largest economy in the Middle East, the UAE has enjoyed rapid development since its founding.
l'ts oil reserves, recorded at six pieexgoent of
and the underpinning of its economiy 2017, petroleum products accounted for 50% of its US$
142 billion total exports, in part due to the

economy.

While diversification of the economy contrilestto future economy growthasimilar approach

in electricity usage is required in order to sustain the corresponding increase inlns2@fEr,

the UAE government set out the following goals for diversification of energy generation and
reduction of cdson 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 perdeKE 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(R&LEnergy Information
Adminstration, 2017) Onthe 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(2&lE Data,
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2015) Per capita, electricity consumption is among the highest in thie wbabout 11
thousand kWHCEIC 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
disti buti on. According to the Official Gover nmer
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 indiaxd®/degrees, increase the
reuse of treated water to 95 percent and incr
(Ministry of Energy and Industry, 201 Hlowever, like the electricity sector, water demands
have sgnificantly grown in the last two decades and there is a greater inbuilt capacity of
generation through MuHlstage Flash desalination plants in the UAE. However, the government
is pushing this transition towards sethiven Reverse Osmosis through newjects such as the
Taweel ah Reverse Osmosis project which is goi
(Kader, 2018)

The implementation of policies transiing the status quo to mdbe 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 npce@r reactors
by 2020. On the cleatech front, Masdar City is a 22 billion dollar project underway that aspire
tobet he worl dés most sust atcarlzobdewlopmen made up of mmu n i t
rapidly growing cleartech cluster, business freene and residential neighborhood with
restaurantsshops and public green spadesojects 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 ovetime attrated over 17,000 companies and FDI estimated at over US$73
billion. The foreign investment in any of UAE
exception of governmeittlated entities foreign investorsoreign workers accounts for over
80%of WEG6S 9.4 million population (2017), with |
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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 pmtoeDubai 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 Institutionalanalysis 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 roimstdantions as domns
including international gvernment organizemns, UAE federal authorities, emiratvel
authorities, pblic-private entities, UAE NGO anchiversity programs, policies and initiatives.
This section discusses the columns on the spreadsheet whititut®mscrossectional analysis

of current institutions in the UAE watenergy nexus.

. Institutional Mapping Sheet =] @
H File Edit View Insert Format Data Tools Add-ons Help Last edit was made 2 days ago by anonymous
e @ PO100% ~ | § % .0 .00 123w TimesNew. ~ 12~ B I & i ¢ H E-i-lp-%r @ o v-%- ~
8 c o £ F
International Governmental UAE Federal Authorities Individual Emirate Public-Private Authorities ~ UAE NGO & University
Year Organizations formed Authorities formed formed Water Programs Policy formed
2019 . International Desalination Organization announced dubai as
| | Recycled Water and Biosolids
2010 UAE Vision 2021--section on sustainable environment and infrastructure. UAE Vision 2021--https://sww
2009 Permanent Committee for Setting and Implementing Water and Agricultural Strategies ft Water Supply Regulations http
2009 Federal Environment Agency formed
2009 Law no. 4 of 2009 (later used 1
2008 Amoeba Water Academy formed under Arab Water Counc Surge for water formed. http: Incident Reporting Regulation
2008 Tadweer :The Center of Waste Management - Abu Dhabi. ] Abu Dhabi Sustainabilitv Group (ADSG) formed. https:/wy
ADWEA and DEWA begin study of strategic water connection -- https://www.dewa.gov.ae/en/about-dewa/ news-and-media/press-and-news/latest-nes
2007 Department of Municipal Affairs and the Municipalities of Abu Dhabi found. https://ww 2007 of) 9. (Ne law by Establi
34 2007 The Abu Dhabi Urban Planning Council (UPC) was created bv law number (23). https:/'www.upc.gov.ae'en
5 2006 Ministry of Agriculture and Fisheries formed
2006 Establishment of Ministry of Environment and Water law no (6) to regulate digging
20035 Law No (17) of 2005 Concern:
2005 Abu Dhabi National Energy Company(TAQA) formed. hitps://wiww tagaglobal comy
2005 Abu Dhab1 Food Control Autlmng formed. https:/'www adfca ae English/AboutADFCA Pages/default. asgx
2005 . fz
2004
2003
4 2002 i e / vho-we-are
44 2001 WWF formed in LAE http://uae pa.ﬂda org

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 Isthy (MOEI) was formed as the
principle entity to Aensure the organizat
strategies for (VA& Misistry of Bnergydamd\industry,201.8The 0
Ministry of Climate Change and Environment (MOCCAg&)esponsible for developing plans,
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strategies, and policies related to the environment and mitigation of climate ¢b&ige

Ministry of Climate Change and Environment, 201%hese tw national ministries coordinate
with other regulatory agencies and utilities at the individual emirate level. In Abu Dhabi emirate,
the Department of Energy (De&D) was established in 2018 as the agency responsible for
planning and direction of Abu Dhabienergy sector, as well as regulating the ind§stAE
Department of Energy, 2019The DoEAD absorbed the former Abu Dhabi Water and
Electricity Authority (ADWEA), which through its fully owned subsidiary, the Abu DR&faiter

and Electricity Company (ADWEC) acts as the single buyer and seller of water and electricity.
ADWEC perforns this function by entering long term agreements with independent power
producers (IPPs), independent water and power producers (IWPPsistaibdtibon companies
(DISCOs), most of which are partially owned by the former ADWEBBu Dhabi Water and
Electricity Company, 2019)The Abu Dhabi water and energy organizational structure can be

depicted in the following digram.

| PWPA %—o I ADWEC ’——0 ’ Sells output to supply business

admin
i M ovrnin AR

PWPA — Power and Water Purchase Agreement

uoI1393|0D)
Juswiead|
|jesodsiq

Production

; Recycled water
pd Vastewater WM

Figure 3.2. Abu Dhabi electricity and water organizational stru¢Real, Al Tenaiji, &
Braimah, 2016)

Alddng
| SUOIIDAUUOD JDWOISND) ‘

As shown in this figur&.2, the Independent Water and Power Producers (IWPPs) and
Generation and Desalinationssgms (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 respiility of the Regulation and Supervision Bureau (RSB).

22



Until recently, the Dubai Electricity and Water Authority (DEWA) owned and operated alll

facets of the sector from generation to distribufidAE Ministry of Energy ad Industry, 2018)

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

moving towards a IWPPs and IPPs modsgtarting in 2015 with the clean coal power 1.2 GW

Hassyan plant and the 200MW second phase of tHeaMmed Rashid solar park, DEWA
continue to award contracts to enhance the em
sources in order to decrease its reliance on naturdUgagknergy 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 energyAjgals
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 fergactor 5.6 GW Barakah Nuclear Power Plant project
has beennder 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 ledtdS Energy Information Adminstratio@017) 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 ssitglsolar park in the world with a
potential 5GW generation capagitf which 213 MW has been online and 800MW awarded to a
consortium led by MasddUS Energy Information Adminstration, 2017)

Increased demand in the water and energy sector has led to privatization of desalination
plants inthe 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 sharbasThi
improved efficiency and promoted the adoption of new technologies on the front of the water

energy nexugFanack Water, 2017)
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Figure3.3. Institutional Charbf the waterenergy nexus in the UAE

Figure3.3illustratesthe waterenergy 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 Fujairg AE Government, 2019)'he Ministry of Energy and Industry
directly monitors the Department of Energy in Ablabi, 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 acrassviiierenergy 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 EBm¥ironment and Protected Areas
Authority in SharjaHUAE Government, 2019)t also directly works with the emirate
municipalities of Dubai, Ajman, Umm Al Quwain and Fujairah. However, the Ministry of
Climate Change and Eneimment 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 operatdarnthese municipalities include environmental
authorities and wategnergy nexus authorities such as DEWA. These two types of authorities do
not work together. The wat@nergy nexus authorities such as Ministry of Enefgyu Dhabi
have multiple subsidiges working under them. This includé® Emirates Water and Electricity
Company (EWEC) which was renamed fréiou Dhabi Water and Electricity Company
(ADWEC) in 2018(Gulf News Business, 2018 WEC would now work closely wit 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 betweenirate level environment agencies and

water and electricity subsidiary companies.

This Institutional Analysis piece emphasizes the need for organizations to operate at the
crosssection of both energgnd water systems to achideagterm sustainabilit goals. This
piece also sheds light on the dynamic restructuring that most organizations in the WAE hav
undergone. For instance, thanistry of Environment and Water evolved to include domestic
climate change affairs in 2016AE Ministry of Climate Change and Environment, 2019)
Moreover, there lmbeen a growth afllaborative initiatives between different wateda

energy entities in the UAE.

3.3.Demand and Supply Trend Analysis
This section analysetatapublished in a Sitistical 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 andheWestern region while system refers Sharjah and Dubai along with
Abu Dhabi, Al Ain and Western Region. Howevengdividual 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 tdescribdrends in demand and supply for different regiand months

andobserve basicorrelations between the electricity and water statistics. Overviewing the
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historical energy and water demarafgble us to considaow these historical trends factor in to

thedemand and supply projections.
3.3.1. Annual Energy Demand by Region

Annual Energy Demand by Region (Gross

MWh)
100,000.00
50,000.00 r‘m‘

0.00

1995 2000 2005 2010 2015 2020

—@— Abu Dhabi AlAin
Western Region System
—@— Global* —@— Global including GCC

--------- Expon. (Abu Dhabi)

Figure 3.4 Annual Energy demand trends for the world, system (UAE) and kesegidns in
the UAE

The graph in Figure 3ghows how Gross Annual Energy Demand varies across the different
regions over the years 192916. Here, the glob#élends are seen along with regional (GCC
trends) and the system (UAE) trends. This graph also includeggignal energy trends of Abu
Dhabi, AFAIn and Western region while the other selgions are cumulatively shown under the
system trend line. A suaién 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 2002008. From there on, there is a linear growth in demand. The deraand h
grown the most for Western region ahe teast 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

System Energy Demand by Month (GWh)
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Figure3.5. UAE energy demand by month

Figure 3.5shows how the wholgystem 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 olserved in February. There has berrowgerall7.2% growthinAlgust 6s ener gy

demand from 2007 t8016. This reflects the demand in cooling requirement in these past years.

3.3.3. Annual Water Production by Region

Annual Water Production by Region(MG)
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Figure 3.6 Annual water production by striegions in the UAE.

The plot in Figure 3.6hows 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 iuahaverage growth was seen in
Fujairah IWPP Production and the lowest growth was seen in Abu Dhatm ré@gjiis could
potentially reflecta rapid population growth in Fujairah while Abu Dhabi water demands were

pretty stable.

3.3.4. Water and Energy Systems Sidg-by-Side Trend and Qrrelation
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Figure 3.7 Side by side water and energy trends for the UAE

Figure 3.7is 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 investigationentadirelation 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 insigito the UAE wateenergy nexus. It was
observed that the UAE has developed extensivetemg plans for their water and energy
systems. The government is promoting the transition to renewables. Along with this, mere inter
organizational connections andlleboration 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 watmergy 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 WER-LEAP

This chaptedives 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 toegn policy €enario 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 guti®ugh policy design fathis thesis. Third, it
analyzes sulbegional demand projections under thesBiessasUsual(BAU) scenario of the
AGEDI study.

4.1.Introduction to AGEDI WEAP and LEAP Model Structures

The Abu Dhabi Global Data InitiatifdGEDI) developed a UAE wide study of the Water
Energy Nexus using an integrated water and energy planning framework based on the Water
Evaluaton and Planning (WEAP) and Lomgnge Energy Analysis and Planning (LEAP)
decision support system. The water systems nuidieles the country into five water resource
demand and supply zones (regions) that consiglenicipal, industrial, and agriculture demands
supplied by both dmlination and groundwater Theodels & water and energy demand in
WEAP and LEARNclude climae dependent factors. AGEbBave demonstrated how the
integrated WEARLEAP 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 demiad side interventions called tihigh Efficiency (HE) scenario anthen a

supplyoriented scenario calldbde Natural Resource Protecti4RP)scenario.

4.1.1. Water Evaluation and Planning (WEAP)

WEAP is a simulation based water evaluation and planning mibfldlows 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 caiegmto sectors. For this stydAGEDI divided the
demand sectors in the UAE into agriculture, outdoor, indooramhities sectors.igure4.1
shows the schemataf the WEAP model map dhe UAE water network including transmission

links along with denand and supply nodes.
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Green squares H represent national aquifers;
Red dots @represent indoor water consumption per capita;
Maroon dots 2] represent wastewater treatment facilities;

Green dots @ represent catchment water demands associated with different types of
land covers that require irrigation;

Green diamonds represent desalination plants;
Green lines=—— represent water transmission flow

Red lines === represent water return flow

Figure 4.1Zoomed in WEAP model structure for Abu Dhabi (including Abu Dhabi, Al

Ain and Western region striegions)

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

This schematic includedesalination 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 PlanningLEAP)

LEAP simulaes 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 relatiomshetween water and energy systemsamel the

nexus.lt enables the development of scenarios that are linkable to other softwares such as
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WEAP. It analyzes greenhouse emissitegels and doethe cast and benefit analysis of
different policy alternativeslhe process adata mining of lockand international data resources
by LEAPto build credible models afaterenergy system of the UAE is shown using a
schematic in figure 4.&Stockholm Environment Institute, 2005)

The LEAP model follows a Sankey diagramsaswn in the figure below.
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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
Sankeydiagrammaps the information made available by the International Energy Agency on

their website.

There are multiple levels of representationthe AGEDI LEAP model. It divides thmountry

into six modeling regions (Western, Abu Dhabi, Al Ain, Dubaiakiah, 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 ssydout have distinct urban indoor, outdoor,

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

plan.
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Figure4.3. LEAP model structure for the UAE

Thisrepresentatioshows the aggregate supply and demandlfof the UAE, however it
has high level of detail for the subgions. Water use is divided into different sectdrs
agriculturedemand, amenity demanddoordemandand outdoodemand Onthe supply side
we have different types of technologies thatdoice this water such as RO, MSF and MED. For

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