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Road Map 

§  Session 1 
–  Introduction to Systems Analysis 

§  Session 2 
–  Multi-Objective Decision Making 

§  Session 3 
–  Water – Energy - Food Nexus 

§  Session 4 
–  Global Perspectives on WEF 

§  International case-studies 
of water and energy 
linkages 

§  Rethinking water, energy, 
and food security: trade 
and economy 
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Regional Case Study:  
Middle East and North Africa (MENA) 

Siddiqi, A. and Anadon, L., “The Water-Energy Nexus in Middle East and North Africa”, 
Energy Policy, 39 (2011), pp 4529-4540  

Iran 
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§  MENA region: 
–  66 % of the known crude oil reserves  
–  1.4% of fresh water supplies 
–  2.1 % avg. annual population growth 

rate 
–  4% avg. annual urban population 

growth rate 

§  Countries: 
–  Algeria, Libya, Morocco, Tunisia 
–  Egypt 
–  Bahrain, Kuwait, Oman, Qatar, KSA, 

UAE, Yemen 
–  Israel, Jordan, Lebanon, Palestinian 

Territories, Syria 
–  Iran, Iraq and Turkey 

Data Source: FAO Aquastat 
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Context of MENA region  



5 Source: http://water.nationalacademies.org/ 

Saudi Arabia: 6.8 million m3/day 
 
UAE: 6.2 million m3/day 
 
Kuwait: 2.1 million m3/day 
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2. Decomposition 

3. Attribute Determination: Physical Intensities 

4. Data Collection: Database Search & Processing 
McGrawHill: Platts 
FAO: Aquastat 
EIA: country Databases 
World Bank 

7. Recommendations 

6. Analysis 

Approach 1. System Boundary Selection 

5. Modeling 
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§  Quantified physical dependence of 
water and energy at the country level 

§  Used a ‘value chain’ view of the two 
systems 

§  Used a combination of reported data 
from international agencies and data 
collection organizations (United 
Nations, World Bank, Platts), linear 
projections and physics-based 
calculations 

§  Using government supplied data and 
simplifying assumptions, one is able 
to obtain a first-order quantitative 
estimate of energy-water 
dependencies 
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Data Sources 

§  UDI World Electric Power Plants 
Data Base (WEPP) is a global 
inventory of electric power 
generating units 

§  It contains design data for plants 
of all sizes and technologies 
operated by utilities, private 
power companies, and industrial 
producers 

§  Total records  > 150,000 

 
ORDER FIELD 
1 UNIT 
2 PLANT 
3 COMPANY 
4 MW 
5 STATUS 
6 YEAR 
7 UTYPE 
8 FUEL 
9 FUELTYPE 
10 ALTFUEL 
11 SSSMFR 
12 BOILTYPE 
13 TURBMFR 
14 GENMFR 
15 TURBTYPE 
16 SFLOW 
17 SPRESS 
18 STYPE 
19 STEMP 
20 REHEAT1 
21 REHEAT2 

22 PARTCTL 
23 PARTMFR 
24 SO2CTL 
25 FGDMFR 
26 NOXCTL 
27 NOXMFR 
28 AE 
29 CONSTRUCT 
30 COOL 
31 RETIRE 
32 CITY 
33 STATE 
34 COUNTRY 
35 AREA 
36 SUBREGION 
37 ELECTYPE  
38 BUSTYPE 
39 COMPID N  
40 LOCATIONID 
41 UNITID 
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Low fresh water dependence (OTF) for Electricity Generation 
 
 

NDT: Natural Draft Tower 
MDT: Mechanical Draft Tower 
AIR: Air (Dry) Cooling 

OTF: Once-Through Freshwater 
OTB: Once-Through Brackish 
OTS: Once-Through Seawater 

OTF 

OTF 

OTF 

Results: Water use for power generation in MENA 
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Assumptions: Co-generation, full availability, desalination capacity of 2005   

    Electricity Consumption in Desalination ranges from 5-12% or more in gulf countries 

Electricity Consumption for Water Production 
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§  Groundwater is dominant source in most MENA countries 
Ø Water is largely inaccessible without expending energy 

Energy estimates for ground water pumping 

Libya SA 
Withdrawal 
[B m3/yr] 

4.3 21.5 

Lift Energy 
[GWh] 

6701 8377 

Fuel Cons. 14% 
Elect. 
Cons. 

5% 

Energy estimates for 
Ground Water Withdrawal 
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Energy Use for Water: An Existential Dependence 



13 

§  Significant room for inter-sectoral reallocation (instead of new supply) 

Agriculture sector uses the largest share of water 
– even in water deficient countries 
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Inter-sectoral freshwater re-allocation (transfer) 
Cross-sectoral wastewater reuse 

Intra-sectoral freshwater increase (efficiency) 

New freshwater supply  

Water supply in a sector 
can be increased 
through : 
 
1.  Inter-sectoral transfer  
2.  Cross-sectoral reuse  
3.  Intra-sectoral 

efficiency gains 
4.  New supply 

Industry 

Municipal Agriculture 

Water supply should be conceptualized with energy 
in the planning equation 

E W M-A 

E W I-A 

E W M-I 

E S M 

E S A 

E S I 

E e M 

E e I 
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§  A skewed nexus of water and energy in MENA  

§  Countries in the Arabian peninsula have an existential 
dependence on energy for accessing and extracting water 
but low freshwater dependency on producing energy Fuel  

Extraction 

Fuel  
Processing 

Electricity  
Generation Abstraction 

Purification 

Conveyance 

End-Use 

Disposal 

l  Energy intensive water is used in agriculture – shift 
from agriculture not only saves water but also 
energy consumption 
Ø  account for energy savings in addition to water 

savings in food imports and local production 
planning 

l  Desalination systems are long-lived, capital 
intensive systems with poorly understood 
environmental consequences 
Ø  limit capacity expansion by first closing urban 

water cycles  
 
             15 

Shift in agriculture will save not only water but also 
energy in MENA 
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Country Case Study:  
Jordan 

SIZE: 89,342 m2 
POPULATION: 6.5 MILLION 
RENEWABLE WATER P/C: 148 m3 

Siddiqi, A., Kajenthira, A., Diaz Anadon, L. Bridging Decision Networks for Water and 
Energy Planning. Energy Strategy Reviews, (2013) Vol. 2, No. 1, pp 46-58 
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Problem 
 

Improving long-term (10-20 years) future access to water and reducing 
energy use in the country 

Approach Identify key actors in political, socio-economic and technological domain 
and use stakeholders analysis for identifying solutions 

Impact Improved planning and investment decisions in economic sectors that 
are in competition for scarce water resources in the region  

Bridging Water and Energy Sectors: The Case of Jordan 
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Surface Water - Fresh Treated Wastewater  
Renewable Groundwater  Non-Renewable Groundwater  

Water Use by Sector in Jordan 
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Water productivity has risen over time 
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Total electricity consumption by sector in Jordan 
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Industry 

Municipal Agriculture 
Wastewater re-use from  
municipal to agriculture 

leakage  
reduction 

fresh water transfer from agriculture to 
municipal sector 

high-efficiency  
irrigation 

Desalination 
Disi-Aquifer 
pipeline 

New Groundwater  
Access 

Future water access options for Jordan are a combination of 
new supply, demand management and inter-sectoral transfers 
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STAKEHOLDER GROUPS 

EXECUTIVE/
ADMINISTRATIVE 

•   Former Ministers 
•   Secretary Generals 
•   Directors of Planning 

•   Ministry of Energy & Mineral 
Resources 
•   Ministry of Water & Irrigation 
•   Ministry of Environment 
•   Ministry of Industry & Trade 
•   Ministry of Planning & Int. 
Cooperation 

OPERATIONAL 
•   Project Management Units   
•   Nonprofit organizations •   MWI - PMU 

•   Mercy Corps 

CONSTITUENCY 
•   Farmers Organizations 
•   Community Based 
Organizations 

•   Jordan Valley Farmers Association 
•   Ajloun CBO 
 

Water resource implications in energy, agriculture and 
industrial planning were discussed with stakeholders 
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WATER RESOURCE 
AVAILABILITY •   projections, forecasting 

WATER USE BY SECTOR •   sectoral use by source 

ECONOMIC/INDUSTRIAL 
POLICY •  consideration of water implications 

DESALINATION •   capacity, % of consumption 

WASTEWATER •   treatment type, capacity, infrastructure 

WATER GOVERNANCE •   permitting, legislation, local/expat use 

SUPPLY/DEMAND 
MANAGEMENT 

•   mitigation strategies, technology 
options 

WATER ORGANIZATIONS •   key actors, decision-making processes 

POLICY INSTRUMENTS •   tariffs, subsidies, tax incentives,  

SOCIAL PERCEPTION •   scarcity, value of water, management 
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Stakeholder interviews allowed us to map key 
decision-makers in the water sector 

Siddiqi, A., Kajenthira, A., Diaz Anadon, L. Bridging Decision Networks for Water and Energy Planning. 
Energy Strategy Reviews, (2013) Vol. 2, No. 1, pp 46-58 
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Key decision-makers in the energy sector in 
Jordan were mapped based on secondary 

research 

Siddiqi, A., Kajenthira, A., Diaz Anadon, L. Bridging Decision Networks for Water and Energy Planning. 
Energy Strategy Reviews, (2013) Vol. 2, No. 1, pp 46-58 

Key decision-makers in the energy sector were also 
mapped 
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Juxtaposing both sectors together identified actors 
that could act as intermediaries between sectors 
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Definition of a stakeholder: 
 “any group or individual who can affect or is 
affected by the achievement of the 
organization’s objectives”  
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Stakeholder attribute definitions  

•  According to this scheme there are three key attributes that a 
stakeholder (in relationship to a focal organization) can possess:  
•  Power  
•  Legitimacy  
•  Urgency 

•  Power is defined as “a relationship among social actors in which one 
social actor, A, can get another social actor, B, to do something that B 
would not have otherwise done.”  

•  Such power can be based on coercive ability (through force or threat), 
utilitarian (material) incentive, or on normative (symbolic) influence.  

Mitchell, et al, 1997 



31 

Mitchell’s framework definitions  

  

•  The legitimacy of a stakeholder is defined as “a generalized 
perception or assumption that the actions of an entity are desirable, 
proper or appropriate within some socially constructed system of 
norms, values, and beliefs”.  

•  The third attribute, urgency, is defined as “the degree to which 
stakeholder claims call for immediate attention”.  

•  The urgency may be based on time sensitivity or potentially on the 
criticality of the claim from the stakeholder 

Mitchell, et al, 1997 
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Stakeholder Typologies Definitions 

•  The three attributes collectively allow for classifying the salience 
of the stakeholders for a focal organization.  

•  A stakeholder is classified as a ‘definitive stakeholder’ if it possesses 
all three attributes (of power, legitimacy, and urgency)  

•  A stakeholder with power and legitimacy is deemed to be a ‘dominant 
stakeholder’  
•  A stakeholder with legitimacy and urgency is ‘dependent’, 
•  A stakeholder with power and urgency (but no legitimacy) is 

‘dangerous’  

Mitchell, et al, 1997 
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Examples 

§  Dependent Stakeholder Example: 

§  Giant oil spill from the Exxon Valdez in Prince William Sound 

§  Several stakeholder groups had urgent and legitimate claims, but they 
had little or no power to enforce their will in the relationship. To satisfy 
their claims these stake-holders had to rely on the advocacy of other, 
powerful stakeholders or on the benevolence and voluntarism of the 
firm's management.  

§  Included in this category are local residents, marine mammals and 
birds, and even the natural environment itself.  

Mitchell, et al, 1997 
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§  Dangerous Stakeholders (urgency and power characterize a 
stakeholder who lacks legitimacy)  

§  Examples of unlawful, yet common, attempts at using coercive 
means to advance stakeholder claims (which may or may not be 
legitimate) include strikes, employee sabotage, criminal activity 

§  Any expectant stakeholder can become a definitive stakeholder by 
acquiring the missing attribute. As we saw earlier, dependent 
Alaskan citizens became definitive stakeholders of Exxon by 
acquiring a powerful ally in government.   

Mitchell, et al, 1997 
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Stakeholder Typologies 

•  Stakeholders that have only one attribute are called ‘latent stakeholders’. 

•  Stakeholders that only possess power are classified as ‘dormant’  
•  Stakeholders with only urgency are ‘demanding’  
•  Stakeholders with only legitimacy are ‘discretionary’  

•  It should be noted that the attributes are a matter of perception and are a 
constructed (rather than objective) reality.  

•  The attributes may change over time and should not be considered to 
always remain in a steady state.  

•  In this analysis, the MWI was identified as the focal organization for policy 
making in the water sector, and attributes of its stakeholders were assigned 
based on review of published materials as well as on field interviews. 

Mitchell, et al, 1997 
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§  Stakeholder theory, holds a key to more effective management and 
to a more useful, comprehensive theory of the firm in society. 

  

§  Focusing attention on salience in the manager-stakeholder 
relationships existing in a firm's environment appears to be a 
productive strategy for researchers and managers alike in realizing 
these aspirations.  

§  The stake-holder identification typology is amenable to empirical 
operationalization and to the generation of testable hypotheses 

Mitchell, et al, 1997 



37 

Power	 Legi*macy	

Urgency	

KRC	

Defini*ve		
Stakeholders	

Dominant	
Stakeholders	

Dependent	
Stakeholders	

Discre*onary	
Stakeholders	

Dormant	
Stakeholders	

Dangerous	
Stakeholders	

Demanding	
Stakeholders	

HF	

NWAC	

PM	

MOPIC	 MOA	
MOE	

MOT	

NA	

WC	

RSS	
JU	

GIZ	
USAID	

WUA	

IG	
TG	

CS	

DS	 HT	

CS:	 	Civil	society	groups	
DS:	 	Domes*c	Sector	
FHL:	 	Farmers	in	Highland	
FJV:	 	Farmers	in	Jordan	Valley	
GIZ:	 	German	Int.	Development	

	Agency	
HT:	 	Hashemite	Tribes		
IG:	 	Industry	groups	
JU:	 	Jordanian	Universi*es	
KRC:	 	King	&	Royal	Council	
MOPIC:	 	Ministry	of	Planning	&	

	Interna*onal	Coopera*on	
MOA:	 	Ministry	of	Agriculture	
MOE:	 	Ministry	of	Environment	
MOT:	 	Ministry	of	Tourism	
NWAC:	 	Na*onal	Water	Advisory	

	Council	
NA	:	 	Na*onal	Assembly	
PM:	 	PM	Office	
RSS:	 	Royal	Scien*fic	Society	
TS:	 	Tourism	groups	
USAID:	 	US	Agency	for	Int.	

	Development	
WC:	 	Water	Companies 

FOCAL ORGANIZATION: MINISTRY OF WATER AND IRRIGATION 

Characterization of attributes of key stakeholders in 
the water sector in Jordan 

Siddiqi, A., Kajenthira, A., Diaz Anadon, L. Bridging Decision Networks for Water and Energy Planning. 
Energy Strategy Reviews, (2013) Vol. 2, No. 1, pp 46-58 
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Power	 Legi*macy	

Urgency	

KRC	

Defini*ve		
Stakeholders	

Dominant	
Stakeholders	

Dependent	
Stakeholders	

Discre*onary	
Stakeholders	

Dormant	
Stakeholders	

Dangerous	
Stakeholders	

Demanding	
Stakeholders	

ERC	

PM	
GAM	

NERC	

FGC	

NA	
HCST	 RSS	

JU	
GIZ	
USAID	

JP	

IEC	

GD	

CS	

ECO	
PCO	

CS:	 	Civil	society	groups	
ECO: 		Electricity	Companies	
ERC:	 	Electricity	Regulatory	

	Commission	
FGC:	 	Fajer	Gas	Company	
GAM:	 	Greater	Amman	Municipality	
GD:	 	Gas	distributors	
GIZ:	 	German	Interna*onal	

	Development	Agency	
HCST:	 	Higher	Council	for	Science	and	

	Technology	
IEC:	 	Interna*onal	Energy	

	Companies	
JP:	 	Jordanian	popula*on	
JU:	 	Jordanian	Universi*es	
KRC:	 	King	&	Royal	Council	
NA:	 	Na*onal	Assembly	
NERC:	 	Na*onal	Energy	Research	

	Council	
PCO:		 	Petroleum	Companies	
PM:	 	PM	Office	
RSS:	 	Royal	Scien*fic	Society	
USAID:	 	US	Agency	for	Int.	

	Development	
FOCAL ORGANIZATION: MINISTRY OF ENERGY AND MINERAL RESOURCES 

We also characterized the attributes of key 
stakeholders in the energy sector 

MOPIC	



39 

Some propositions or potential options 
•  Energy companies, working in oil exploration and development within an 

area, can cooperate to establish infrastructure, such as a wastewater 
treatment plant to enable reuse in nearby cities. 

•  Such an arrangement could be socially beneficial while also providing 
adequate water supplies for new industrial operations. 

•  In agriculture (the dominant user of water) creative solutions, such as 
instituting fees to be paid by energy companies for exploring or developing 
oil fields, could be used to fund the installation of water efficient irrigation 
systems.  

•  The NRA in coordination with WAJ and JVA could potentially work to 
design and implement such schemes.  

•  Linkages within the planning and decision-making agencies can allow for 
evaluating the implications (of water for energy plans and vice versa) and 
allow for identifying new options and solutions 
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Virtual Water : Trade and Globalization 
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Virtual Water Trade: Some Definitions and History 

§  Professor John Anthony Allen, at Kings College London and School of 
Oriental and African Studies investigated the question of water wars 

§  He noted that water scarce countries are able to meet their demands for 
food through imports 

§  As the agricultural sector requires the most water, but also produces 
tradable goods, a significant part of the water demand for a nation can be 
met through trade 

§  This idea opens up the options space for considering new alternatives 
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Global Agricultural Trade Relationships: Pakistan is one of the 
major producers of global commodities based on irrigated water 

MacDonald, et al. “Rethinking Agricultural Trade Relationships In an Era of Globalization”, BioScience, 
 (2015), Vol 65, No. 3.   

The structure of global embodied irrigation water consumption for 16 major food crops, highlighting how 
embodied irrigation water often flows from more water-rich to more water-limited countries. 
 
These countries represent approximately 80% of all irrigation water consumption for the production of 84 
exported food commodities 



43 MacDonald, et al. “Rethinking Agricultural Trade Relationships In an Era of Globalization”, BioScience, 
 (2015), Vol 65, No. 3.   

Higher resources endowments may facilitate exports despite lower efficiencies. Trade occurs despite 
relative disadvantages due to inadequate pricing. 
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Water Footprint: A New Variable in Decision 
Evaluation? 

§  Calculations of water footprints (or amount 
of water embedded in products) need to be 
treated with caution 

§  Experts have noted limitations for using 
such methods in decision making for water 
sector 

§  There is educational value, but yet to be 
proven practical value for national and 
regional level planning 

http://virtualwater.eu 
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Closing Remarks and Way Forward 



46 

Pakistan has been identified as one of the leverage points 
for global food security 

West, et al. “Leverage points for improving global food security and the environment”, (2015), Science, Vol. 
345, pp 325-328 
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Structural economic shifts may change water  
demand 
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Lessons from the past: Forecasts are often wrong! 

Desalination: A National Perspective, NAE, 2008 

Forecasts of US Water 
Withdrawals 

Actual Withdrawal C
u

b
ic

 k
ilo

m
et

er
s 

p
er

 y
ea

r 



49 Source: Desalination: A National Perspective, WSTB, NAE, 2008 

Total 
withdrawals 

US GNP 
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Systems Analysis, Evidence-Based Policy Making for 
Societal Prosperity and Development 

§  The challenges of water, energy and food security should be 
considered more broadly and inclusively than what has been done 
in the past 

§  There are trade-offs but also more importantly, synergies that may 
make addressing some of the challengers easier not harder 

§  Tools and methods of analysis for complex socio-technical systems 
coupled with the natural environment offer powerful approaches for 
getting new insights and identifying underlying hidden problems 

§  Decision-making and policy can be better informed and improved 
through data-driven, systematic evaluation of our critical 
contemporary issues 

§  Addressing the challenge of nutrition security, water security and 
energy security is an imperative for future prosperity 
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QUESTIONS? 


