
 

 

     

               
 

 

 

 

 

 

 

Development of Framework for the Governance of the Water, Energy, Food and 

Environment (WEFE) Nexus in Jordan 

Governance and institutional frameworks analysis and global lessons learned 

Revision (Final) 

         

Consultants: Bassel Daher (Texas A&M Energy Institute), Alexandre Martusenich 

(International Institute for Applied Systems Analysis), Nadejda Komendantova 
International Institute for Applied Systems Analysis), Ahmed Al Salaymeh 
(University of Jordan), Julie Roth (Texas A&M Energy Institute)

Nexus Regional Dialogues Programme 

& Energy Efficient Water Sector 



 

 

     

                      

 

Submission date: 05.06.2023 

 

Project Details 

Project name 
Nexus Regional Dialogues Programme 

Energy Efficient Water Sector (EEWS) 

Funding 
European Union and German Federal Ministry for 
Economic Cooperation and Development 

Contract number 81281571 

Project Manager (GIZ) Dr. -Ing. Louy Qoaider 

Project Manager (WAJ) Eng. Abdallah Hejab 

Consultant (Author) 
Bassel Daher, Alexandre Martusenich, Nadejda 
Komendantova, Ahmed Al Salaymeh, Julie Roth 

 

Document Revision 

Rev. 
no. 

Prepared 
by 

Reviewed by  
(GIZ) 

Reviewed by 
(CP) 

Approved by 
GIZ & CP 

Approval Date 

01 Consultant Sander Irene 

Haneen Saôdeh 

Shahd 
Shammout 

 

 

  

02 Consultant Haneen Saôdeh 

Shahd 
Shammout 

Eng. Salam 
Ababneh (MWI) 

Eng. Baraa 
Alsurdi (MEMR) 

  



 Nexus Regional Dialogues Programm e & Energy Efficient Water Sector  

Governance and institutional frameworks analysis and global lessons learned ï Final Version   
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE) 
Nexus in Jordan   

3 

Table of Contents 
List of abbreviations ............................................................................................................................ 4 

List of tables ........................................................................................................................................ 6 

List of figures ....................................................................................................................................... 6 

1. Introduction ................................................................................................................................... 7 

1.1 Overview of interconnected Water-Energy-Food-Environment (WEFE) Nexus challenges globally

 ........................................................................................................................................................... 7 

1.2 Overview of interconnected Water-Energy-Food-Environment challenges in the MENA region .... 8 

1.3 Overview of Water-Energy-Food-Environment interconnected challenges in Jordan .................. 10 

2. Methodology ............................................................................................................................... 12 

2.1 Criteria identification and country selection process............................................................... 12 

2.2 Country selection criteria ....................................................................................................... 13 

2.3 Country selection ................................................................................................................... 14 

3. Country 1: Tunisia ...................................................................................................................... 15 

3.1 Context ....................................................................................................................................... 15 

3.2 Governance and Institutional Structures ..................................................................................... 18 

3.3 Methods to ensure policy coherence and integration .................................................................. 22 

3.4 Good practices and lessons learned........................................................................................... 24 

4 Country 2: Morocco ........................................................................................................................ 28 

4.1 Context ....................................................................................................................................... 28 

4.2 Governance and Institutional Structures ..................................................................................... 30 

4.3 Methods to ensure policy coherence and integration .................................................................. 35 

4.4 Good practices and lessons learned........................................................................................... 35 

5. Country 3: Singapore .................................................................................................................... 40 

5.1 Context ....................................................................................................................................... 40 

5.2 Governance and Institutional Structures ..................................................................................... 44 

5.3 Methods to ensure policy coherence and integration .................................................................. 47 

5.4 Good Practices and Lessons Learned ........................................................................................ 48 

6. Global examples of best practices ............................................................................................... 51 

7. Conclusions ................................................................................................................................... 59 

8. Bibliography ................................................................................................................................... 68 

9. APPENDIX I ï Mapping Country Selection Criteria ....................................................................... 1 



 Nexus Regional Dialogues Programm e & Energy Efficient Water Sector  

Governance and institutional frameworks analysis and global lessons learned ï Final Version   
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE) 
Nexus in Jordan   

4 

List of abbreviations  

ABH River Basin Agency, Morocco 

AMEE Moroccan Agency for Energy Efficiency 

ANME National Agency of Energy Conservation, Tunisia 

ANRE National Energy Regulatory Agency, Morocco 

APIA Agricultural Investment Promotion Agency, Tunisia 

CEM Climate and Energy Model 

CNE National Council for the Environment, Morocco 

CRDA Regional Commissariats for Agricultural Development, Tunisia 

CSEC High Council for Water and Climate, Morocco 

EAP Environmental Action Program 

EC European Community 

EMA Energy Market Authority, Singapore 

FTE Energy Transition Fund, Tunisia 

FTI Tunisian Investment Fund 

GDA Agricultural Development Group, Tunisia 

GIZ Deutsche Gesellschaft für Internationale Zusammenarbeit 

IMCCC Inter-Ministerial Committee on Climate Change, Singapore 

MARHP Ministry of Agriculture, Water Resources and Fisheries, Tunisia 

MASEN Moroccan Agency for Sustainable Energy 

ME Ministry of the Environment, Tunisia 

MEE Ministry of Equipment and Water, Morocco 

MENA Middle East and North Africa 

MIEM Ministry of Industry, Energy, and Mines, Tunisia 

MSE Ministry of Sustainability and the Environment, Singapore 

MTEDD Ministry of Energy Transition and Sustainable Development, Morocco 

MTI Ministry of Trade and Industry, Singapore 

NCCS National Climate Change Secretariate, Singapore 

NEA National Environment Agency, Singapore 



 Nexus Regional Dialogues Programm e & Energy Efficient Water Sector  

Governance and institutional frameworks analysis and global lessons learned ï Final Version   
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE) 
Nexus in Jordan   

5 

NPD National Policy Dialogue 

OCP Cherifian Phosphate Office 

OECD Organization for Economic Cooperation and Development 

ONAS National Sanitation Office, Tunisia 

ONEE National Office of Electricity and Drinking Water, Morocco 

PPA Power Purchase Agreement 

PPP Public-Private Partnership 

PUB Public Utilities Board, Singapore 

PV Photovoltaic 

RBMP River Basin Management Plan 

SECADENORD Northern Water Canal Supply Company Tunisia 

SoCU Statement on Common Understanding 

SONEDE National Society of Water Exploitation and Distribution, Tunisia 

SPIS Solar Pumping and Irrigation System 

STEG Tunisian Electricity and Gas Company 

STIR Tunisian Company of Refining Industries 

UNECE United Nations Economic Commission for Europe 

  



 Nexus Regional Dialogues Programm e & Energy Efficient Water Sector  

Governance and institutional frameworks analysis and global lessons learned ï Final Version   
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE) 
Nexus in Jordan   

6 

List of tables  

Table 1. Co-created country selection criteria ......................................................................... 13 

Table 2. Economic, governance, and policy practices ............................................................ 60 

Table 3. Summary of good practices ....................................................................................... 62 

Table 4. Establishing a new Water-Energy-Food-Environment Nexus Entity .......................... 66 

Table 5. Mapping country selection criteria 

 

List of figures 

Figure 1. Water-Energy-Food system interconnections. Source: (Mohtar and Daher, 2012).... 8 

Figure 2. Annual per capita renewable water availability (as of 2010) and Petroleum 

production and consumption as of 2009 by MENA countries. Source: (Siddiqi and Anadon 

2011) ......................................................................................................................................... 9 

Figure 3. Water-Energy interconnections ................................................................................ 12 

Figure 4. Climatic and rainfall map of Tunisia (Source: Hentati 2010) .................................... 15 

Figure 5. Key water-energy interconnections in Tunisia ......................................................... 17 

Figure 6. Key water and energy governance actors in Tunisia ............................................... 22 

Figure 7. Climate Zones of Morocco ....................................................................................... 28 

Figure 8. Key water-energy interconnections in Morocco (Source: Authors) .......................... 32 

Figure 9. Public and Private Entities in the Energy Sector. Source: (Usman and Amegroud 

2019) ....................................................................................................................................... 33 

Figure 10. Key water and energy governance actors in Morocco ........................................... 35 

Figure 11. Map of Singapore .................................................................................................. 40 

Figure 12. Key Water-Energy interconnections in Singapore (Source: Authors) .................... 43 

Figure 13. Key water and energy actors in Singapore (Source: Authors) ............................... 47 

 

https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898202
https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898202
https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898202
https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898204
https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898207
https://gizonline.sharepoint.com/sites/EEWS-Team/Freigegebene%20Dokumente/General/8-Consultants/81281571_Nexus-Framework/03-Submissions/01-Milestones/01-WP1/230605-WP1%20Report_Final_TC.docx#_Toc136898211


 Nexus Regional Dialogues Programm e & Energy Efficient Water Sector  

Governance and institutional frameworks analysis and global lessons learned ï Final Version   
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE) 
Nexus in Jordan   

7 

1. Introduction  

1.1 Overview of interconnected Water-Energy-Food-Environment 
(WEFE) Nexus challenges globally 

Water, energy, and food systems are tightly interconnected, and the way in which they are managed has direct 

impacts on the environment and eco-systems in which they exist. Water, energy, and food security are critical for 

economic growth and human development. Globally, water demand is expected to increase by 1% each year for 

the next 30 years, which will exacerbate pressures on water resource systems, jeopardizing the livelihoods for the 

estimated 4 billion people living in areas that experience water scarcity (UNESCO WWAP 2022). Energy demand 

is expected to double between 2015 and 2050 as a result of economic development and growing populations 

(IRENA 2015). At the same time, moderate and severe food insecurity has been on the rise since 2014, soon after 

the shocks on the food markets in 2007 and 2008 (Wiggins, Keats, and Compton 2010). Due to the impact of the 

COVID-19 pandemic the increase in global food insecurity in 2020 equaled the increases of the previous five years 

combined (FAO 2021).  

Understanding the interconnections between water, energy, and food systems, and their impact on the 

environment is critical as new management and governance approaches are developed in response to the growing 

demands and pressures they face (Figure 1). In 2014, energy consumed 10% of total water withdrawals, and 

energy-related water consumption was estimated to increase by 60% between 2014 and 2040 (IEA 2016). The 

water sector consumed about 4% of the worlŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǇǳƳǇΣ ǘǊŜŀǘΣ ŀƴŘ ŘƛǎǘǊƛōǳǘŜ ǿŀǘŜǊ ƛƴ нлмпΣ ŀ 

proportion that is expected to more than double by 2040. Much of this increase is attributed to increasing 

desalination, water transfer, and wastewater treatment (IEA 2016). The global food system is highly dependent 

on water, with irrigation for agriculture making up 70% of global water withdrawals (UNESCO WWAP 2022). 

Global trends, such as climate change and growing populations, result in additional strains to WEFE-Nexus 

systems. The effects of climate change include unpredictable weather patterns, fluctuating surface water 

resources, and decreased agriculture potential. According to UN Water, fluctuations in surface water availability 

ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ƻǾŜǊ ŀ ŦƛŦǘƘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ōŀǎƛƴǎΣ making water resource management more challenging 

and unpredictable (UN Climate Change News 2021). Population growth and urbanization trends have had notable 

impacts on water, energy, and food consumption patterns. Population growth and food production forecasts 

estimate a 100-110% increase in global crop demand between 2005 and 2050 (Tilman et al. 2011). Additionally, 

increasing demand has highlighted areas where infrastructure dedicated to providing and distributing water, 

energy, and food is unable to keep up with increased demand (Bakirtas and Akpolat 2018; Wu and Tan 2012). 

Increasing production to meet demand could have a variety of effects on the environment, including 

desertification, water contamination, air pollution, and ecological damage. 
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Figure 1. Water-Energy-Food system interconnections. Source: (Mohtar and Daher, 2012) 

1.2 Overview of interconnected Water-Energy-Food-Environment 
challenges in the MENA region 

Two-thirds of countries in the MENA region are expected to be in absolute water scarcity (less than 500 m3 of 

renewable water resources per capita per year) by 2050, and at least ten countries in the MENA region are 

considered absolutely water scarce now, based on most recent available data (Mendonca et al. 2019; The World 

.ŀƴƪ нлмуύΦ ! ŎƻƳǇŀǊƛǎƻƴ ƻŦ a9b! ŎƻǳƴǘǊƛŜǎΩ ǊŜƴŜǿŀōƭŜ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ǇŜǊ ŎŀǇƛǘŀ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ CƛƎǳǊŜ нΦ 

The MENA region has around 1% of global freshwater resources, much of which is made up of non-renewable 

groundwater (GW), which worsens the consequences of overexploitation (Hibrawi 2019; UNESCO WWAP 2022).  

Energy resources, although present in many countries, often come with concerns about security, sustainability, 

and affordability for countries that are not self-sufficient energy producers. Petroleum production and 

consumption in MENA countries is shown in Figure 2. Energy demand in the MENA region is high due to inefficient 

insulation, heating and cooling technologies, and distribution infrastructure. Furthermore, energy demand in the 

region is expected to increase by 2% a year until 2040 (Ersoy and Terrapon-Pfaff 2021). 
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Food security is a critical issue in the MENA 

region, where the arid climate and water 

scarcity make food production a costly, and 

ƻŦǘŜƴ ƛƴǎǳŦŦƛŎƛŜƴǘΣ ŜƴŘŜŀǾƻǊΦ a9b!Ωǎ ƘƛƎƘ 

dependence of imported food, especially 

for water-intense food products, is a 

national security and economic issue. 

About 50% of food in the MENA region is 

imported, and areas in conflict have 

additional challenges with procuring and 

distributing food (Howey 2021). 

Environmental factors affect each of the 

other parts of the WEFE Nexus. Climate 

change has led to more extreme weather, 

which has affected water availability and 

crop production. Other issues, such as 

locust outbreaks, desertification, and air 

quality interact with water, energy, and 

food and affect the ability of systems to 

meet demand (Belhaj and Soliman 2021). 

Social factors are also challenging water, 

energy, food and environment in the MENA 

region. Population growth in the region is 

one of the main drivers of increasing water, energy, and food demand. Although the population growth rate is 

ǎƭƻǿƛƴƎΣ ǘƘŜ a9b! ǊŜƎƛƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ŘƻǳōƭŜ ŘǳǊƛƴƎ ǘƘŜ Ŧirst half of the twenty-first century 

(Mendonca et al. 2019, 16). Similarly, the MENA region is facing changing demographics and patterns of 

consumption due to high youth unemployment rates and urbanization. The MENA region has long had the highest 

youth unemployment rate in the world, with rates higher than 24% since 2011 (Kabbani 2019; International Labor 

Organization and World Bank 2022). As youth go to urban areas in search of employment, pressures on urban 

water and energy demands increase accordingly.  

Solutions. Many alternative water solutions being considered by the water sector across the region are energy 

intensive. Desalination, treatment of wastewater and storm and return waters, and deep groundwater 

exploration/pumping require significant energy inputs. In 2016, the water sector consumed 9% of total electricity 

consumption in the Middle East, which is expected to increase to 16% by 2040 (IEA 2016). The MENA region has 

more desalination capacity than any other region, and this capacity is expected to increase by over five times 

between 2015 and 2030. This increase will raise total electricity demand for desalination by three times in the 

same time period (IRENA 2015). In response to this and other growing demand challenges, the MENA region has 

Figure 2. Annual per capita renewable water availability (as of 
2010) and Petroleum production and consumption as of 2009 by 
MENA countries. Source: (Siddiqi and Anadon 2011) 
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implemented solutions that have significant implications for water and energy resource balances. Countries with 

little indigenous energy resources are focusing on renewable energy options, such as solar and wind energy. 

Although renewable energy can have low water requirements, countries that originally relied heavily on imported 

energy will see a rise in water demand as part of their transition to renewable energy production. Growing energy 

and water requirements for the MENA region highlight the need for system-minded solutions.  

1.3 Overview of Water-Energy-Food-Environment interconnected 
challenges in Jordan  

Jordan faces extreme water scarcity, limited freshwater resources, high energy dependence, and a growing 

population to feed. Jordan had just 68 m3 of renewable freshwater resources per capita per annum in 2018, far 

below the threshold for severe water scarcity (World Bank 2018b; UNICEF n.d.). Demand for water in Jordan 

regularly outweighs supply, which leads to overexploitation of water resources and necessitates alternative water 

solutions. By 2025, demand is forecasted to outweigh supply by over 26% (MWI 2016). Jordan is also highly reliant 

on energy imports, having imported 84% of its energy needs in 2021 (MEMR 2021). Furthermore, demand for 

electricity has consistently risen around 2.4% each year to reflect a growing electricity usage (JREEEF and MEMR 

2018). In addition to growing demand, the high cost of energy is one of the driving forces for establishing the 

intersectoral water-energy committee and technical working group in Jordan. In 2021, Jordan spent 6% of its GDP 

on energy imports, at a cost of nearly 2.6 billion USD (MEMR 2021). It is reported that the electricity bill of the 

water sector constitutes almost half the operational and maintenance cost.  

WƻǊŘŀƴΩǎ ŘŜƳŀƴŘ ŦƻǊ ŦƻƻŘ Ƙŀǎ ƎǊƻǿƴ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎ ŘǳŜ ǘƻ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘΣ ǿƘƛŎƘ ƭŜŘ ǘƘŜ YƛƴƎ ǘƻ ŘŜŎƭŀǊŜ нлнм 

as the year of food security for Jordan. The subsequent food summit and national food security plan that included 

highlighting the multi-disciplinary and multi-institutional nature of the food system with the goal of reconsidering 

ǘƘŜ ǊƻƭŜǎ ŀƴŘ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƻŦ ǊŜƭŀǘŜŘ ŀŎǘƻǊǎ όDƻW нлнмύΦ WƻǊŘŀƴΩǎ ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊ ǊŜǇǊŜǎŜƴǘǎ ŀ ƪŜȅ ŦŜŀǘǳre of 

the water-energy-food-environment system: 50-сл҈ ƻŦ WƻǊŘŀƴΩǎ ǿŀǘŜǊ ƎƻŜǎ ǘƻǿŀǊŘ ŀƎǊƛŎǳƭǘǳǊŜΣ ŀƴŘ мр-16% of 

WƻǊŘŀƴΩǎ ŜƭŜŎǘǊƛŎ ŜƴŜǊƎȅ ŜŀŎƘ ȅŜŀǊ ƎƻŜǎ ǘƻǿŀǊŘ ŀƎǊƛŎǳƭǘǳǊŀƭ and water pumping activities (MWI 2016; MEMR 

2020). 

To address these challenges, Jordan has explored renewable energy production and sources for alternative water 

supply and water reuse. Water treatment is one clear example; 30.9% of water used by the agriculture sector is 

treated wastewater, which utilizes фу҈ ƻŦ WƻǊŘŀƴΩǎ ŀǾŀƛƭŀōƭŜ ǘǊŜŀǘŜŘ ǊŜǘǳǊƴ ŀƴŘ ǎǘƻǊƳ ǿŀǘŜǊ όMWI2023; MWI and 

MoEnv 2020). Building new desalination plants and pumping deeper ground water are also water supply sources 

Jordan has pursued (GoJ 2015).  

These water initiatives represent significant strains on both the water and energy sectors. As it presently stands, 

рл҈ ƻŦ ǘƘŜ ǿŀǘŜǊ ǎŜŎǘƻǊΩǎ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ Ǝƻ ǘƻǿŀǊŘǎ ŜƭŜŎǘǊƛŎƛǘȅΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ WƻǊŘŀƴ Ƙŀǎ ŎƻƳƳƛǘǘŜŘ ǘƻ 
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providing affordable water to its citizens, which can contribute to financial pressures on the government (MWI 

and MoEnv 2020). 

WƻǊŘŀƴΩǎ aƛƴƛǎǘǊȅ ƻŦ ²ŀǘŜǊ ŀƴŘ LǊǊƛƎŀǘƛƻƴ ŀƴŘ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ƴŜǊƎȅ ŀƴŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ ƘŀǾŜ ŀŘƻǇǘŜŘ 

strategies and plans to increase energy and water efficiency, finance investments into renewable energy sources, 

and explore new water resource options. These sector-specific plans are useful, but further integration and 

coherence of such plans is yet to be realized (JREEEF and MEMR 2018; GIZ 2017). 

The water, energy, and food sectors have environmental effects. Livestock represent over 50% of agricultural 

production in Jordan, which has led to consistent overgrazing. The result of this is desertification and a decrease 

in the amount of cultivatable land over the past few decades (MoEnv 2021). JordaƴΩǎ ǿŀǘŜǊ ŀƴŘ ŦƻƻŘ ǎŜŎǘƻǊǎ ŀƭǎƻ 

contributed to pollution. Over 50% of household waste is food waste, while the average municipal recycling rate 

is only 7%, which is low for the region (MLA and MoEnv 2020). Transboundary and national industrial pollution 

haǾŜ ƭŜŘ ǘƻ ƘƛƎƘ Ǉƻƭƭǳǘƛƻƴ ƻŦ WƻǊŘŀƴΩǎ ǊƛǾŜǊǎΣ ŀƴŘ ƻǾŜǊŘǊŀǿƛƴƎ ƻŦ WƻǊŘŀƴΩǎ ƎǊƻǳƴŘǿŀǘŜǊ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ǎŀƭƛƴƛǘȅ ŀƴŘ 

deteriorated water quality (MWI and MoEnv 2020). Jordan has acknowledged intersectionality of the environment 

through its Green Growth National Action Plans 2021-2025, which encompass the water, waste, energy, and 

agriculture sectors. These plans highlight the necessity of environmental sustainability to ensure a sustainable 

economy and prioritize cross-sector collaboration and support of the environment through technical and financial 

initiatives (MWI and MoEnv 2020). 

Need for integrated planning. Despite growing evidence of the tight interconnectedness between water, energy, 

food, and environment systems and the interdependence of the challenges they face at different scales, little 

coordination exists for planning, financing, and governing these sectors (Daher et al. 2019). Plans are often 

developed within institutional silos with little recognition to the interdependencies. Given the growing pressures 

on water and energy resource systems, there is a need for developing new innovative frameworks and 

coordination mechanisms that allow a proper evaluation of the synergies and trade-offs associated with different 

technical and policy interventions being considered across sectors. This requires the development of a common 

vision and success metrics to ensure coherence between cross-sectoral policies. It also requires the development 

of innovative shared financing and governance models that can ensure the implementation of solutions that 

address the tight interconnectedness between sectors.  

This report aims to review available literature on experiences of other countries, good practices and lessons 

learned that can inform the process of developing new governance mechanisms and sustainable business models 

to ensure greater resilience of the water, energy, and food sectors in Jordan. Specifically, the report will: 1) 

introduce criteria for selecting country case studies that offer best practices; 2) identify countries based on 

selection criteria and multi-stakeholder consultation process; 3) outline the decision-making processes, 

governance and institutional structures, methods to ensure policy coherences, and examples of best practices 

from each of the three selected countries and other global examples; 4) reflect on lessons learned which could be 

considered within the Jordanian context. 
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Figure 3. Water-Energy interconnections  
Source: (WBCSD 2009) 

This report will specifically focus on the Water-Energy nexus interconnections within the context of the broader 

Water-Energy-Food-Environment nexus framework. Addressing the challenges that face water and energy will 

require new solutions that are consistent with the tight interconnections between these resource systems (Figure 

3). In addition to focusing on managing water demand and reducing non-revenue water, many solutions to 

increase water supply, such as desalination and water re-use and recycling are energy intensive; it is expected 

that desalination projects will account for 20% of water-related electricity demand by 2040 (IEA 2016). Solutions 

to develop renewable energy or conventional domestic energy resources can also be water-intensive; although 

some renewable energy production methods require very little water, others (e.g., some methods of solar power 

(e.g. solar heaters), biofuels, and nuclear power), can have significant water requirements (IEA 2016). Developing 

water and energy solutions must take a variety of factors into account; water and energy needs to be coherent 

with national security, policy making, and international relations while taking into account the interconnections 

with food and the environment (Simpson and Jewitt 2019; Dubois 2015; Hogeboom et al. 2021).  

 

2. Methodology  
2.1 Criteria identification and country selection process 

i. Email correspondence. The GIZ project team developed an initial draft of country selection criteria which was 

circulated with governmental stakeholders, where feedback and input was requested. The draft included a list 

of resource availability, climate, economic, financial, and governance criteria, among others. The engaged 
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stakeholders included members of: Ministry of Energy and Mineral Resources, Ministry of Water and Irrigation, 

Water Authority of Jordan, Jordan Valley Authority, Energy & Minerals Regulatory Commission. 

ii. Virtual stakeholder consultations. Following the email request, the consulting team organized a series of virtual 

meetings with the same stakeholders to learn about the key challenges facing different sectors. These interviews 

were also used to get further feedback about countries which could offer lessons learned and best practices to 

be considered in the case of Jordan. These virtual interviews included additional non-governmental and 

international development stakeholders including EDAMA Association, GIZ-Jordan, German Development Bank, 

World Bank, EU delegation to Jordan, and Friedrich-Ebert-Stiftung Jordan & Iraq.  

iii. Literature review and analysis. Based on the input provided by stakeholders in response to the country 

selection criteria and the shortlist of countries to be considered, the consulting team conducted an initial 

analysis based on reviewing the literature to determine the alignment of the countries of choice with the criteria 

of interest.  

 

2.2 Country selection criteria  

To identify best practices and lessons most relevant to the Jordanian context, a set of criteria was developed to 
guide country selection. These criteria emphasized similarities in contextual features while also examining a 
variety of water and energy system characteristics, as well as different economic, governance, and regional 
cooperation situations. Specifically, it was determined that the selected countries should be part of, or have 
similar characteristics to the Mediterranean Sea (MED) basin and have regions with similarities to Jordan in terms 
of the challenges they face (see Table 1): 

Table 1. Co-created country selection criteria 

Water and Energy 
Resources Criteria 
(availability, 
dependence, losses, 
infrastructure services) 

 

1. Water scarcity 
2. Energy dependence  
3. Water per capita  
4. Energy per capita  
5. Non-revenue water  
6. Water losses  

7. Energy losses 
8. Climate (dry, hot with large 

number of sunny days) 
9. Infrastructural development   
10. Services coverage (%) 
11. Desalination plans  
12. Renewable energy plans 

Economic/Financial 
Criteria  

 

1. Level of development 

2. Sources of financing 

3. Energy costs of the water 
sector  

4. Electricity tariffs differentiated by 
time of use (TOU) 

5. Water cost 

Governance Criteria  

 

1. Relevance and how topical for the country is WEN/ existing WEN 
sector coupling and planning 

2. Water and Energy governance structure  
3. Role of central government agencies versus basin organizations  
4. Operators of energy and water systems (centralized vs. decentralized) 
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Regional Cooperation 
Criteria  

1. bŜƛƎƘōƻǊƛƴƎ ŎƻǳƴǘǊƛŜǎΩ ŎƻƻǇŜǊŀǘƛƻƴ ƛƴ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ  

Food/Agricultural 
related Criteria  

1. Agriculture water needs   

2. Agriculture energy needs  

3. The prevalence of desertification, soil erosion, overgrazing 

Environmental Criteria 1. Fresh water quality and quality of treated wastewater 

 

2.3 Country selection  

During the stakeholder consultation meetings, there was a general agreement that Jordan has a number of specific 
peculiarities that would be challenging to find in another country or region. Each country has its unique context 
in terms of water and energy sources availability, geography, population density and culture, among others. 
Keeping that in mind, the identified criteria was used to select three countries that have a reasonable level of 
similarity in terms of challenges, while offering a diverse range of lessons learned and best practices which could 
be considered for the Jordanian context.  

Several countries were initially considered and shared with stakeholders. Following feedback from the 
consultations, and after collecting information about resource availability, climate conditions, governance 
structures, and technological availability, among others, the level of similarity or suitability for each criterion was 
determined as either 1) very similar to Jordan (green), 2) somewhat similar to Jordan (yellow), or 3) far from being 
similar to Jordan (red). More details on the mapping can be found in Table 1 in Appendix 1. The most eligible 
countries were then discussed until consensus was reached regarding the countries that would be most instructive 
to examine further. The project team, upon consultation with local stakeholders, determined Tunisia, Morocco, 
and Singapore to be the best candidates for further study based on their similarities and alignment with the 
criteria. The following sections explore each of the selected countries.  
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3. Country 1: Tunisia  

3.1 Context 

Water. Despite Tunisiaôs limited renewable water resources, it 

has succeeded in providing universal drinking water service in 

urban areas and managing water demand during times of drought 

since the implementation of its first water mobilization strategy in 

1990 (MARHP 1998). Tunisiaôs water resources are unevenly 

distributed throughout the country, with northern areas receiving 

more rainfall (594 mm a year on average) than the southern, 

Saharan climate (156 mm a year on average) (Figure 3). Due to 

the variability of water resources, Tunisiaôs highly populated 

coastal areas and southern desert areas require transfers or 

water from alternative sources to meet demand (Nexus Dialogue 

Program 2018). To combat water scarcity and inconsistency, 

Tunisia has mobilized over 90% of its water resources for the past 

decade, storing much of it in dams, lakes, and wells (IUCN ROWA 

2019). Although Tunisia captures seasonal rainfall, 60% of 

Tunisiaôs water consumption is from groundwater, which has led 

to overexploitation of groundwater resources (Nexus Dialogue 

Program 2018). Tunisia treats 83% of sewage from urban areas, and 78% of its wastewater treatment 

plants are equipped to produce reusable water. 75% of treated wastewater is discharged into the 

receiving environment, and the remainder is mostly used in the tourist and agricultural industries, or to 

refill groundwater reservoirs (Caucci 2018; Hamida 2017).  

Energy. Tunisia has transitioned from an energy exporter to an energy importer over the past two 

decades, mostly due to increasing consumption and declining fossil fuel production (Ersoy and Terrapon-

Pfaff 2021). In 2018, Tunisia imported 60% of its energy consumption (IRENA 2021b). 96.7% of Tunisiaôs 

energy comes from natural gas, most from an Algerian tax agreement that provides Tunisia with 10% of 

the natural gas that flows through pipelines running through Tunisia (Nexus Dialogue Program 2018; GIZ 

2019b). Tunisiaôs energy production by source is mainly by combined cycle heat and power generation 

at 69.9% of production, followed by 15.2% gas turbines, 12.4% thermal steam, 2.4% wind, and 1% 

hydropower (Nexus Dialogue Program 2018). Tunisian electricity consumption has grown together with 

growing industrial demand and increasing populations. Furthermore, seasonal demand has shifted 

significantly over the past two decades, driven by air conditioning use in the summer (Ersoy and 

Terrapon-Pfaff 2021). 

Figure 4. Climatic and rainfall map of 
Tunisia (Source: Hentati 2010) 
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Water-Energy. The growing and interdependent demand for water and energy in Tunisia makes the 

need for adopting a nexus approach particularly relevant. In 2020, freshwater pumping and pumping for 

sanitation services made up 12% of the national energy companyôs electricity sales through their high 

tension and medium tension lines (STEG 2021a). Tunisiaôs initiatives to address growing water needs 

are highly energy dependent. The National Office of Sanitation (Office National de lôAssainissement) 

spends 60% of its operating costs on energy (Drechsel and Hanjra 2018). The oil and mining sector 

consumes 3-4% of total water consumption in Tunisia. The oil sector consumes water through the drilling 

and production processes. (GIZ 2019b). Tunisia has made early steps toward integrated water and 

energy management through a variety of initiatives, including desalination of sea water and brackish 

water, hydro storage, wastewater treatment, and residential solar power (GIZ 2019b). A summary of 

water and energy interconnections in Tunisia can be seen in Figure 5. 

There are differences between Tunisia and Jordan. Tunisia has more surface water resources due to 

its climate with higher precipitation in the north, which allows it to store water in dams and lakes. Tunisia 

also produces more indigenous energy, primarily from oil and natural gas (IRENA 2021b). The agriculture 

sectors in both countries represent different proportions of energy consumption. Tunisiaôs agriculture 

consumes 6% of the national total final energy consumption (IRENA 2021b). Jordanôs agriculture sector 

consumes 3.2% of the national total final energy consumption (MEMR 2015). Jordanôs political situation 

has been more stable than Tunisiaôs over the past decade, given Tunisiaôs 2010-2011 revolution, change 

of power in 2015, and new constitution (GIZ 2019b).  

Tunisia shares similarities with Jordan. Both are highly water scarce; in 2018 Jordan had 68 m3 of 

renewable water resources per person per annum, Tunisia had 363 m3  (World Bank 2018b; 2018e) ï 

also well below the 500 m3 threshold. In addition to water scarcity, both countries face uneven water 

availability in different geographic regions, which requires energy intensive water conveyance projects 

over long distances. Both Jordan and Tunisia face high levels of non-revenue water stemming from aging 

water infrastructure; more than a quarter of the Tunisiaôs drinking water network is more than 37 years 

old, and in 2017 the network efficiency (measured as 100% minus the percentage of water lost in the 

network) was only 71.5%. In Jordan, the non-revenue water (NRW) rate was 50%, due to aging 

infrastructure and illegal withdrawals (GIZ 2019b; Al-Sheriadeh and Amayreh 2020). In 2020, freshwater 

pumping and pumping for sanitation services made up 12% of the Tunisiaôs national energy companyôs 

electricity sales through their high tension and medium tension lines (STEG 2021a). Similarly, about 10% 

of Jordanôs electric energy each year goes toward water pumping and wastewater treatment processes. 

Both countries experience overexploitation of groundwater resources, tumultuous regional politics, and 

reliance on imported energy. Jordan and Tunisia both use treated wastewater, although Tunisiaôs reused 

wastewater makes up about 1% of their irrigated agriculture needs, much less than Jordan. Furthermore, 

Tunisiaôs treated wastewater is often not in compliance with water quality regulations; in 2013 80% of 
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Tunisian wastewater treatment plants were not compliant with at least two water quality parameters, and 

all were not compliant with phosphate and nitrate requirements (Caucci 2018). 

The agriculture sector in both countries makes up the majority of water demand: 48.6% of Jordanôs water 

goes toward agriculture and 77% of water goes toward agriculture in Tunisia (MWI 2023; World Bank 

2017). Desertification and overgrazing are issues in both countries; in Tunisia, desertification mostly 

affecting the rangelands in the south of the country (Gamoun, Belgacem, and Louhaichi 2018). Jordan 

and Tunisia are facing many similar challenges, and both have had significant successes. 98% of 

Jordanôs population has access to a safely managed water source, and Tunisia has achieved universal 

urban access to water (MWI 2016; GIZ 2019b). However, in both countries, water supply is intermittent, 

and rural areas populations have less access to safely managed water sources (GIZ 2019b; Al-Ansari et 

al. 2014; OHCHR 2022). 

Both Tunisia and Jordan see desalination, improving energy and water use efficiencies, and renewable 

energy as opportunities for improving the sustainability of both sectors. Jordan aims to have renewables 

make up 31% of its electricity generation by 2030; Tunisia aims to have renewable energy make up 30% 

of electricity production by 2030 (IRENA 2021a; 2021b). Although Tunisia has more opportunities for 

hydropower, both countries are highly focused on solar energy possibilities.  Both Tunisia and Jordan 

prioritize ensuring affordable and available water and energy for their citizens (GoJ 2015; IUCN ROWA 

2019). 

 

Figure 5. Key water-energy interconnections in Tunisia  
Source: Authors 
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3.2 Governance and Institutional Structures 

a. Governance of the Water and Agriculture Sectors 

The aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ŀƴŘ CƛǎƘŜǊƛŜǎ όaƛƴƛǎǘǊŜ ŘŜ ƭΩ!ƎǊƛŎǳƭǘǳǊŜΣ ŘŜ wŜǎǎƻǳǊŎŜǎ 

Hydrauliques et de la Pêche, MARHP) is the main actor responsible for water and land resources and 

manages small dams, water sector monitoring, water supply, and drinking water production. 

Additionally, MARHP governs development of the agricultural sector and facilities for agricultural 

production. (GIZ 2019b). The ministry is also responsible for creating and implementing national water 

strategies, research and development, and acquiring financial resources (MARHP 2001). MARHP is 

guided by the bŀǘƛƻƴŀƭ ²ŀǘŜǊ /ƻǳƴŎƛƭ ό/ƻƴǎŜƛƭ bŀǘƛƻƴŀƭ ŘŜ [ΩŜau), a strategic advisory body made up of 

representatives from various ministries and national organizations, although no Agricultural 

Development Groups (Groupements de Développement Agricoles, GDAs) or local representation is 

included (Closas, Imache, and Mekki 2017). 

MARHP has many departments that manage specific areas of national water resources. The General 

Directorate of Water Resources (Direction Générale des Ressources en Eau) is the most over-arching 

entity, responsible for developing operational methods for managing water resources, developing 

mobilization plans, and managing water quality measuring stations. Operating under the General 

Directorate is the .ǳǊŜŀǳ ƻŦ LƴǾŜƴǘƻǊȅ ŀƴŘ IȅŘǊŀǳƭƛŎ wŜǎŜŀǊŎƘ ό.ǳǊŜŀǳ ŘŜ ƭΩLƴǾŜƴǘŀƛǊŜ Ŝǘ ŘŜǎ wŜŎƘŜǊŎƘŜǎ 

Hydrauliques), an administrative unit that is responsible for research, monitoring, and managing water 

data (CEDARE 2014). The Bureau of Planning and Hydraulic Equilibria (Le Bureau de Planification et des 

Equilibres Hydrauliques) is a public establishment under the General Directorate of Water Resources that 

schedules annual water allocations, plans water mobilization, and develops non-conventional water 

resources to manage supply and demand. The Bureau also coordinates between water resources 

production institutions and water users in different sectors. 

The General Directorate of Dams and Hydraulic Works (Direction Générale des Barrages et des Grands 

Travaux Hydrauliques) is another directorate under MARHP that develops and researches topics relating 

to dams and water mobilization, and the General Directorate for Development and Conservation of 

Agricultural Land manages water guidelines and coordination relating to agricultural water (CEDARE 

2014). 
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The Directorate General of Rural Engineering ό5ƛǊŜŎǘƛƻƴ DŞƴŞǊŀƭŜ Řǳ DŞƴƛŜ wǳǊŀƭ Ŝǘ ŘŜ ƭΩ9ȄǇƭƻƛǘŀǘƛƻƴ ŘŜǎ 

Eaux) is another directorate under MARHP that is responsible for small and medium water supplies in 

rural areas (IUCN ROWA 2019). Its responsibilities with rural water and agriculture include monitoring 

and evaluation, increasing water efficiency, and monitoring and evaluation of projects and drinking 

water programs (CEDARE 2014). 

Two public companies are supervised by the MARHP. The National Society of Water Exploitation and 

5ƛǎǘǊƛōǳǘƛƻƴ ό{ƻŎƛŞǘŞ bŀǘƛƻƴŀƭŜ ŘΩ9ȄǇƭƻƛǘŀǘƛƻƴ Ŝǘ ŘŜ 5ƛǎǘǊƛōǳǘƛƻƴ ŘŜǎ 9ŀǳȄΣ {hb959ύ is a public company 

created in 1968 in charge of drinking water production, supply systems, and distribution for all urban 

areas and major rural centers in Tunisia (SONEDE 2021). In 2020, SONEDE serviced 100% of urban areas 

and 53.4% of rural areas (SONEDE 2021). The Northern Water Canal and Supply Company (SECADENORD) 

is responsible for the management and operation of water piped from northern dams to the rest of the 

country (CEDARE 2014). 

Also encompassed by MARHP are regional and local water governance entities. Since a push for 

decentralization in 2005, the Regional Commissariats for Agricultural Development (Commissariat 

Régional au Dévelopement Agricole, CRDAs) have been responsible for authorizing access to water for 

irrigation purposes. Agricultural Development Groups (Groupements de Développement Agricoles, GDAs) 

are responsible for managing public irrigated perimeters (PPIs), including maintaining irrigation 

infrastructure and collecting fees (GIZ 2019b).  

Decentralized water management through regional and local authorities has seen inconsistent results. 

There are over 2,800 GDAs managing irrigation or drinking water in Tunisia (GIZ 2019b). Although some 

GDAs are able to engage with their communities and provide appreciated services to local constituents, 

many GDAs frequently experience financial challenges, as farmers rarely pay GDA water fees due and 

frequently connect to water networks illegally to avoid paying water fees. CRDAs are similarly ineffective; 

they have the authority to fine users who do not receive permission to drill for water, or even block the 

illegal wells, but this is rarely enforced. In additional to a growing number of illegal wells, there are no 

meters monitoring authorized wells and therefore no way to control the volume of water withdrawn 

(GIZ 2019b). 

Other ministries govern water quality and a few other aspects of the water sector. The Ministry of the 

9ƴǾƛǊƻƴƳŜƴǘ όaƛƴƛǎǘŝǊŜ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘΣ a9ύ is responsible for sanitation and all environmental 

aspects of water. The ME oversees the bŀǘƛƻƴŀƭ {ŀƴƛǘŀǘƛƻƴ hŦŦƛŎŜ ό[ΩhŦŦƛŎŜ ƴŀǘƛƻƴŀƭ ŘΩŀǎǎŀƛƴƛǎǎŜƳŜƴǘΣ 

ONAS), the National Waste Management Agency (Agence Nationale de Gestion des Déchets), and the 
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National Environmental Protection Agency ό[ΩŀƎŜƴŎŜ ƴŀǘƛƻƴŀƭŜ ŘŜ ǇǊƻǘŜŎǘƛƻƴ ŘŜ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘύ (MoE 

2020a). The Ministry of Public Health controls drinking water standards, while the Ministry of Equipment 

manages flooding in urban areas (MPH 1974; MoEH 2018). 

Because the water and the agrifood industry are managed under the same national entity, many of the 

offices and actors within MARHP are involved in the governance of both sectors. Other agri-food focused 

entities include the Agricultural Investment Promotion Agency, Agricultural Extension and Training 

Agency, the Institution of Agricultural Research and Higher Education, the National Council for 

Agriculture and Fisheries, and the Agriculture, Food Security, Trade and Services Committee, which 

operate or advise on different aspects of sector governance (GIZ 2019b). 

 

b. Governance of the Energy Sector 

The Ministry of Industry, Energy and Mines (aƛƴƛǎǘŝǊŜ ŘŜ ƭΩLƴŘǳǎǘǊƛŜΣ ŘŜǎ aƛƴŜǎ Ŝǘ ŘŜ ƭΩ9ƴŜǊƎƛŜΣ aL9a) 

governs the energy sector by overseeing and implementing energy policies and strategies. The ministry 

promotes research, ensures national energy security, develops policies and laws, and negotiates with 

private actors to promote energy projects and optimize market conditions (Ersoy and Terrapon-Pfaff 

2021). The ministry administratively oversees the bŀǘƛƻƴŀƭ !ƎŜƴŎȅ ŦƻǊ 9ƴŜǊƎȅ /ƻƴǎŜǊǾŀǘƛƻƴ ό[Ω!ƎŜƴŎŜ 

bŀǘƛƻƴŀƭŜ ǇƻǳǊ ƭŀ /ƻƴǎŜǊǾŀǘƛƻƴ ŘŜ ƭΩ;ƴŜǊƎƛŜΣ !ba9ύ, an independent public non-profit organization that 

designs ŀƴŘ ƛƳǇƭŜƳŜƴǘǎ ¢ǳƴƛǎƛŀΩǎ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎ όL¦/b wh²! нлмфΤ !ab9 нлннύΦ ¢ǿƻ 

commissions in MIEM, the Interdepartmental Commission of Independent Power Generation 

ό/ƻƳƳƛǎǎƛƻƴ {ǳǇŞǊƛŜǳǊŜ ŘŜ ƭŀ tǊƻŘǳŎǘƛƻƴ LƴŘŞǇŜƴŘŀƴǘŜ ŘΩ9ƭŜŎǘǊƛŎƛǘŞύ and the Technical Commission of 

tǊƛǾŀǘŜ wŜƴŜǿŀōƭŜ tƻǿŜǊ DŜƴŜǊŀǘƛƻƴ ό/ƻƳƳƛǎǎƛƻƴ ¢ŜŎƘƴƛǉǳŜ ŘŜ tǊƻŘǳŎǘƛƻƴ tǊƛǾŞŜ ŘΩ;ƭŜŎǘǊƛŎƛǘŞύ, are 

responsible for renewable energy projects, analysis, and negotiations with independent energy 

producers. Other actors related to the energy sector are the Tunis International Center of Environmental 

¢ŜŎƘƴƻƭƻƎƛŜǎ ό/ŜƴǘǊŜ LƴǘŜǊƴŀǘƛƻƴŀƭ ŘŜǎ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ ŘŜ ¢ǳƴƛǎύ and the National 

!ƎŜƴŎȅ ŦƻǊ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ ό[ΩŀƎŜƴŎŜ bŀǘƛƻƴŀƭŜ ŘŜ tǊƻǘŜŎǘƛƻƴ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘύ, which build 

sustainable skills and assess environmental impacts of power production, respectively (Ersoy and 

Terrapon-Pfaff 2021).  

The Tunisian Electricity and Gas Company ([ŀ {ƻŎƛŞǘŞ ¢ǳƴƛǎƛŜƴƴŜ ŘΩ9ƭŜŎǘǊƛŎƛǘŞ Ŝǘ Řǳ DŀȊΣ {¢9D) was 

created in 1962 with the responsibility to produce, transport, and distribute electricity and gas (STEG 

2021b). Although the electricity market was opened in 1996, STEG continues to be the producer of 

majority of energy in Tunisia (Ersoy and Terrapon-Pfaff 2021). One power plant was managed by 
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Carthage Power Company and it produced 18.6% of energy in 2017, but the plant was returned to STEG 

after the 20-year power purchasing plan ended in May 2022 (ITA 2022a). Individuals generating solar 

power are able to sell up to 30% of any excess electricity they produce from photovoltaic systems back 

to STEG (GIZ 2019b). STEG suffers from financial difficulties, in part due to significant unpaid customer 

bills due, and physical losses in about 18% of the energy it produces (GIZ 2019b). 

c. Water and Energy Institutions 

CǊƻƳ ŀ ƴŀǘƛƻƴŀƭ ƭŜƎŀƭ ǇŜǊǎǇŜŎǘƛǾŜΣ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ǳǎŀƎŜ ƘŀǾŜ ƭƻƴƎ ōŜŜƴ ǿǊƛǘǘŜƴ ƛƴǘƻ ƭŀǿΦ ¢ǳƴƛǎƛŀΩǎ 

Ŏƻƴǎǘƛǘǳǘƛƻƴ ŜƴǎƘǊƛƴŜǎ ŎƛǘƛȊŜƴǎΩ ǊƛƎƘǘǎ ǘƻ ǿŀǘŜǊ ŀƴŘ ǘƘŜ ŀǳǘƘƻǊƛǘƛŜǎΩ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ǿŀǘŜǊΦ ¢ƘŜ 

standing Water Code was issued in 1975, although a new water code has been in progress since 2011 to 

reissue the water code to incorporate amendments and better reflect expectations of governance (GIZ 

2019b). Energy is less institutionalized as a right, but Tunisia strives to provide affordable and accessible 

electricity for all its consumers through subsidies and affordable pricing (GIZ 2019b). 

¢ǳƴƛǎƛŀΩǎ ǿŀǘŜǊ τ drinking water and water for irrigation τ is priced so that to ensure affordability 

(OHCHR 2022; Chebil et al. 2022; GIZ 2019b). The lack of enforcement or clear legislation on groundwater 

pumping leads to illegal withdrawals and unpaid water fees. Currently, revenues from drinking water 

ƻƴƭȅ ŎƻǾŜǊ уф҈ ƻŦ {hb959Ωǎ ƻǇŜǊŀǘƛƴƎ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ Ŏƻǎǘǎ όDL½ нлмфōύΦ ¢ǳƴƛǎƛŀΩǎ ǇǊƛŎƛƴƎ ƳŜǘƘƻŘ Ŧor 

electricity is more detailed: each year, MIEM, the Ministry of Finance, the General Directorate for Energy, 

the Tunisian Enterprise of Petroleum Activities, the Tunisian Company of Refining Industries (STIR), and 

the Ministry of Commerce agree on a price rates based on international oil and gas prices, finances of 

ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ŎƻƳǇŀƴƛŜǎΣ ŀƴŘ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ǎǳōǎƛŘƛŜǎ ό9Ǌǎƻȅ ŀƴŘ ¢ŜǊǊŀǇƻƴ-Pfaff 

2021). Tariffs for subscribers on the low-voltage (90 kV) network are based on the sector, monthly 

consumption, and power level. Tariffs for the medium-voltage (150 kV) network are based on the time 

of day and the season (AfDB 2021).  
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Figure 6. Key water and energy governance actors in Tunisia  
Source: Authors 

Electricity for water pumping is sold to farmers at a lower rate (IRENA 2021b). Although the pricing 

system accounts for many factors, because of subsidies, energy tariffs do not reflect true production 

costs. The two main energy providers, STEG and STIR hŀǾŜ ŀƴƴǳŀƭ ŘŜŦƛŎƛǘǎ ǘƘŀǘ ŀǊŜ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ǎǘŀǘŜΩǎ 

budget (Ersoy and Terrapon-Pfaff 2021). Although some subsidies have been removed over the past few 

years and some prices increased, the overall subsidization of energy has increased over the past decade 

and now makes up around 13% of total the expenditures of the two main energy providers (STIR and 

{¢9DύΣ ǿƘƛŎƘ ƛǎ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ {ǘŀǘŜΩǎ ōǳŘƎŜǘΦ Lƴ нлмнΣ ŜƴŜǊƎȅ ǎǳōǎƛŘƛŜǎ ƳŀŘŜ ǳǇ нл҈ ƻŦ ǘƘŜ ǇǳōƭƛŎ 

ōǳŘƎŜǘ ƻǊ ф҈ ƻŦ ¢ǳƴƛǎƛŀΩǎ D5t ό9Ǌǎƻȅ ŀƴŘ ¢ŜǊǊŀǇƻƴ-Pfaff 2021). A summary of the key actors governing 

water and energy in Tunisia can be found in Figure 6. 

Tunisia has established legislation to encourage public-private partnerships in the water and energy 

sectors, with notable laws passed in 2015 and 2019 (OECD 2016; EIB n.d.). However, little progress has 

been made in implementing further private involvement, due to political volatility and the COVID-19 

pandemic (USDoS 2022). 

3.3 Methods to ensure policy coherence and integration 

Although Tunisia does not have specific government entities that formally coordinate water-energy-food 

nexus areas, there is a number of entities that have mandates, members, or responsibilities relating to 

interconnected nexus issues. The most notable feature is the combination of water and agriculture under 

MARHP. This combination highlights the interconnected nature of agriculture demand for water, and for 

energy to pump water. MARHP plays an important role in promoting efficient agricultural practices 

tƘǊƻǳƎƘ ƛǘǎ ŘƛǊŜŎǘƻǊŀǘŜǎ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ŀƴŘ ƻŦ ǊǳǊŀƭ ǿŀǘŜǊ ŜȄǇƭƻƛǘŀǘƛƻƴΦ aŀƴȅ ƻŦ a!wItΩǎ 

departments have research responsibilities that can lead to water-energy solutions, but the Bureau of 
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tƭŀƴƴƛƴƎ ŀƴŘ IȅŘǊŀǳƭƛŎ 9ǉǳƛƭƛōƛǊŀΩǎ ǊƻƭŜ ƛǎ ǳƴƛǉǳŜ ƛƴ ǘƘŀǘ ƛt includes analysis of water resources and 

ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ǿŀǘŜǊ ǇǊƻŘǳŎǘƛƻƴ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀƴŘ ǿŀǘŜǊ ǳǎŜǊǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǎŜŎǘƻǊǎΦ ¢ƘŜ ōǳǊŜŀǳΩǎ 

responsibilities include appropriately allocating water and ensuring sustainable resource mobilization, 

which corresponds with energy-for-water analysis (CEDARE 2014). 

The National Water Council was established to update water policies and strategies (World Bank Group 

нлнмύΦ ¢ƘŜ ŎƻǳƴŎƛƭΩǎ ŎƻƳǇƻǎƛǘƛƻƴ ƛƴŎƭǳŘŜǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ŦǊƻƳ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎŜŎǘƻǊǎ ŀƴŘ ƘƛƎƘƭƛƎƘǘǎ an 

opportunity for coordination, although the Council has only an advisory position (CEDARE 2014). The 

council is required to meet twice a year, or more often whenever necessary. The council is chaired by 

the Minister of MARHP and is made up of representatives from eight other ministries, including the 

Ministry of Industry, Energy, and Mines, as well as 9 other officers from various organizations and 

ministries. The chairman can call on any other experts for consultation and can set up technical 

commissions. The council assists MARHP on topics related to general water resource mobilization and 

development principles, developing programs and plans for the water sector, and developing and 

presenting sustainability and non-conventional water plans and policies (GoT 2010). 

SONEDE has an energy efficiency strategy that acknowledges the energy intensity of supplying drinking 

water and aims to optimize performance of WSS. The strategy highlights both energy efficiency in 

production and pumping processes, and the inǘŜƎǊŀǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦ {hb959Ωǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

of this strategy includes projects to improve seawater desalination technologies, acquiring pumping 

equipment that uses less energy, and others. Renewable energy projects include plans for solar powered 

desalination projects and small hydroelectric power stations (SONEDE 2021). 

The Agricultural Investment Promotion Agency (Agence de Promotion des Investissements Agricoles, 

APIA), a department under MARHP, has worked with ANME to investigate the potential of solar power 

in agriculture for water pumping and irrigation. This partnership highlights an area of particular 

importance for water and energy systems (GIZ, APIA, and ANME 2016). A related initiative to encourage 

the adoption of Solar Pumping and Irrigation Systems represents one of the clearest interdependencies 

of the Water-Energy-Food Nexus. The Energy Transition Fund (Le Fonds de Transition Énergétique, FTE) 

and the Tunisian Investment Fund ό[Ŝ CƻƴŘǎ ¢ǳƴƛǎƛŜƴ ŘŜ ƭΩƛƴǾŜǎǘƛǎǎŜƳŜƴǘΣ C¢Lύ), run through ANME, have 

subsidized the adoption of these new systems, making pumping much more efficient (GIZ 2019b).  

The Ministry of the Environment is the main actor outside of the two-line ministries that integrates water 

and energy. The National Strategy for the Green Economy in Tunisia clearly targets energy efficiency, 

renewable energy, water conservation, and water reuse as areas that together can lead to a sustainable 
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ŜŎƻƴƻƳȅ όaƻ9 нлнлōύΦ !ƭǘƘƻǳƎƘ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘΩǎ ƎƻǾŜǊƴŀƴŎŜ ƻǾŜǊ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ is 

less tangible than the two main line ministries, its responsibilities are system-oriented, making it a 

unique actor for coordination. 

Additional water-energy nexus solutions are being addressed through small-scale projects, studies, and 

pilot programs. Tunisia has planned and implemented renewable energy initiatives such as solar power 

plants, solar powered desalination, rooftop solar panels, and hydro storage, among others (IRENA 

2021b). Many of these initiatives are motivated by cost efficiency; SONED9Ωǎ ǇǊƻƎǊŀƳ ŀƴŘ a!wItΩǎ 

energy efficiency goals expressly seek to decrease energy costs (SONEDE 2021; GIZ, APIA, and ANME 

2016). The one-way nature of water energy connections is representative of the financial motivations of 

each sector; many water and agriculture entities have made steps to implement energy savingτand 

therefore energy cost-savingτopportunities, but the energy sector has no cost-oriented motive to 

pursue energy cost saving opportunities in the water sector. Instead, the energy sector financially 

benefits from inefficient water usage. The highly silo-ed orientation of the energy sector reflects this 

dynamic. 

3.4 Good practices and lessons learned 

a. Variable energy pricing 

Tariffs are differentiated between low-voltage (90 kV), medium-voltage (150 kV), and high-voltage (225 kV) 

networks (AfDB 2021). The low-voltage network is split into two tariff categories, economic and normal. The 

category of tariffs a consumer falls under depends on their monthly consumption and whether they are residential 

or non-residential (STEG 2022). Billing is organized into progressive tranches based on monthly consumption 

(IRENA 2021b). Tariffs are subsidized most for households with lower consumption per month (STEG 2022). 

For the medium voltage network, tariffs can be uniform or four-shift tariffs. The four-shift tariffs are broken down 

into the day shift, morning peak summer shift, evening peak, and night. Furthermore, the time of each shift differs 

to adjust to different seasons, with one set of times from September to May, and a different set of times (which 

includes the morning peak summer shift) from June to August. For the high-voltage network, only the four-shift 

tariff is available, and emergency services using high-voltage network have an alternate tariff rate (IRENA 2021b). 

Two other tariffs are used for agricultural irrigation, and emergency services. There are also tariff rates specific to 

natural gas for grey cement industries that differ for high pressure and medium pressure gas lines. Electricity for 

water pumping for irrigation is the least expensive, which could potentially contribute to overexploitation of 

groundwater (IRENA 2021b). 
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Increasing natural gas imports have caused electricity prices to increase several times in Tunisia τ for the medium 

voltage network, the uniform tariff has increased by three times since 2010. These price adjustments have 

affected all electricity consumers except low-consumption households (IRENA 2021b). 

5ŜǎǇƛǘŜ ŀ ŎƻƳǇƭŜȄ ǇǊƛŎƛƴƎ ǎŎƘŜƳŜΣ ¢ǳƴƛǎƛŀΩǎ ŜƴŜǊƎȅ ǇǊƻǾƛŘŜǊǎ Ǌǳƴ ŀƴƴǳŀƭ ŘŜŦƛŎƛǘǎ ŘǳŜ ǘƻ ŜȄŎŜǎǎƛǾŜ ǎǳōǎƛŘƛȊŀǘƛƻƴΦ 

These subsidies are done through the yearly price setting done by the government, who sets prices far below 

international market rates (Ersoy and Terrapon-Pfaff 2021; Eibl 2017). In the 1990s, Tunisia was an energy 

exporter and could provide cheap domestic energy to consumers. Presently, with growing energy demand and 

decreasing production, these high energy subsidization rates are much more costly (Eibl 2017).  

¢ǳƴƛǎƛŀΩǎ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎƛƴƎ ǎǘǊŜƴƎǘƘŜƴǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƳŀƴŀƎŜ ŎƻƴǎǳƳŜǊ ŘŜƳŀƴŘ ŀƴŘ ƻǾŜǊŎƻƳŜ ǘƘŜ 

renewable energy variability challenge. Furthermore, variable tariffs allow the government to determine which 

sectors should have to pay for the true production cost of energy and which sectors are eligible for cheaper rates 

(e.g., emergency services and low-consumption households). As a result, energy prices can better reflect true 

value and encourage optimal patterns of usage across sectors while maintaining prioritization of equity and 

affordability for the most vulnerable.  

Variable energy pricing can help reduce peak demand for electricity, which can lead to lower water consumption. 

This is because peak demand for electricity often occurs during times of high water use, such as when people are 

using air conditioning or heating. By shifting energy use to off-peak hours, variable electricity pricing can help to 

reduce the amount of water that is used to generate electricity. It can also help to encourage the use of renewable 

energy sources, which can have a positive impact on water resources. This is because renewable energy sources, 

such as solar and wind power, do not require the use of water to generate electricity. By making renewable energy 

more affordable, variable electricity pricing can help to increase its use and reduce reliance on fossil fuels, which 

can have a negative impact on water resources. Variable energy pricing can further help improve the efficiency of 

energy use. This is because it can give consumers an incentive to use energy more efficiently, such as by turning 

off lights when they leave a room or unplugging appliances when they are not in use. By reducing energy 

consumption, variable electricity pricing can help to conserve water, as water is often used in the production and 

distribution of energy. 

b. Subsidies 

Subsidies have successfully encouraged the adoption of efficient technologies. Solar pumping stations have been 

adopted primarily in rural regions of Tunisia, mostly in the south of the country (IRENA 2021b). A framework 

allowed the Energy Transition Fund (FTE) and the Tunisian Investment Fund (FTI), run through ANME and APIA, to 

subsidize the installation of off-grid Solar Pumping and Irrigation Systems (SPIS) in 2009, which has led to improved 

levels of technology adoption in rural areas (GIZ 2019a). 
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SPIS have become more economically viable as diesel subsidies diminish, making SPIS a more lucrative choice in 

rural areas far from the STEG electricity grid. Grid-connected SPIS have long term returns on investment, since 

electricity for water pumping from the electric grid is still highly subsidized (GIZ 2019a). Off-grid SPIS, however, 

are viable and reliable options for rural irrigation under the condition that water abstraction does not violate 

water allocation rules and quotas and does not result in over-exploitation of freshwater resources. Between 2010 

ŀƴŘ нлмтΣ мнп {tL{ ǇǊƻƧŜŎǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǘƘǊƻǳƎƘ !ba9Ωǎ ǎǳōǎƛŘȅ ǇǊƻƎǊŀƳΦ Lƴ нлмт ŀƭƻƴŜΣ ǘƘŜ рс ǇǊƻƧŜŎǘǎ 

were carried out, highlighting the growing popularity of SPIS technology (GIZ 2019b).  

Subsidies should carefully consider trade-offs and unintended consequences. One notable lesson learned 

highlights the behavioral consequences of subsidies, which can incentive overuse. SPIS subsidies significantly 

decrease the installation cost of these systems, leaving maintenance and electricity costs almost non-existent. 

This, paired with the tendency of farmers not to pay water fees and the lack of proper monitoring of water 

abstraction and GW levels, leads to a high likelihood of over-pumping. Without motivations to conserve water or 

limitations from electricity costs, farmers may choose to irrigate more land, over-irrigate crops, or switch to more 

lucrative and more water-intensive crops. As a result, SPIS systems may lead to a higher volume of water 

consumption in exchange for lower energy consumption (GIZ 2019b).  

Analysis suggests that the number of SPIS actually installed is higher than the official statistics suggest (GIZ 2019a). 

This implies that many SPIS systems have been installed at illicit wells. One reason for this may be that the official 

subsidy process is administratively cumbersome and includes many terms and conditions, which incentivizes illicit 

usage (GIZ 2019a). Additionally, SPIS subsidies are limited to farmers using drip irrigation. This is meant to 

encourage water efficiency, but may also lead to illicit well usage (Kiprono and Llario 2020). Furthermore, the 

inherent water savings from drip irrigation is also not proven (GIZ 2019b). Although illicit installation reinforces 

the popularity and efficiency of these systems, it also highlights challenges with monitoring commonly accessible 

resource consumption and concerns over abstraction of limited water resources.  

c. Agriculture and water are under the responsibility of one ministry 

The agriculture sector is highly interconnected with water and energy in Tunisia and that is reflected in the way 

these sectors are governed. The feature most applicable to water-energy, and food nexus management in Tunisia 

is the combination of water resources and agriculture under MARHP. This combination highlights the 

interconnected nature of agriculture demand for water and energy for pumping water. MARHP plays an important 

role in promoting efficient energy and water practices in the agriculture sector through the General Directorate 

for Development and Conservation of Agricultural Land and the Directorate General of Rural Engineering. These 

departments are able to take a multi-sectoral approach for resource management. Furthermore, they are 

ŀǇǇǊƻǇǊƛŀǘŜƭȅ ƳƻǘƛǾŀǘŜŘ ǘƻ ƳŀƴŀƎŜ ōƻǘƘ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘƭȅΦ ¢ǳƴƛǎƛŀΩǎ ƳŜŘƛǳƳ-term and long-term 

strategies emphasize the need for water saving efforts and the use of nonconventional waters, and the 

corresponding stakeholders involved in the agricultural sector benefit from water supply conservation and cost-

efficiency measures  (IUCN ROWA 2019). Additionally, MARHP departments are financially motivated to increase 
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cost-efficiency through energy savings and renewable energy solutions. These motivations, mandates, and 

strategies reflect the interconnectivity of the agriculture sector with the water-energy nexus and highlight an 

opportunity for nexus-minded decision making.
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4 Country 2: Morocco 

4.1 Context  

Water. aƻǊƻŎŎƻΩǎ ǎǘǊŀǘŜƎȅ ǘƻ ǇǊƻǾƛŘŜ ǿŀǘŜǊ ŦƻǊ ŀƭƭ ōŜƎŀƴ in 

earnest in 1995, when the right to water, aim for 

rationalizing water use, and the goal of water security 

became law. Morocco has focused on increasing water 

storage capacity through dams and storage infrastructure, 

regulating water development and distribution, and 

widening water availability since the 1995 Water Act, with a 

heightened focus on water and sanitation rights for all after 

the royal speech on the topic in 2001. (Sadeq 2020; 

Legrouri, Sendide, and Kalpakian 2019)Φ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ 

availability differs greatly geographically and annually; the 

mountainous northern region receives 800mm of rainfall a year, 

while the southern Sahara region receives about 100 mm of 

rainfall a year (Langenberg et al. 2021). A climate map of 

Morocco can be seen in Figure 7. In 2018, Morocco had an 

average of 815 m3 per capita of available renewable 

freshwater resources, far less than the global average of  

5,658 m3 per capita (World Bank 2018c; 2018f). Challenges to 

surface water resources include aging dam infrastructure, which leads to significant water losses, and high 

evapotranspiration rates (Langenberg et al. 2021). Groundwater supplies 40% of the irrigated area in Morocco 

and provides drinking water to most of the rural population. This has led to overexploitation of non-renewable 

water resources where groundwater levels have declined by between 0.5 to 2 meters per year on average, with 

an annual average of 3 meters in the most exploited aquifer (Langenberg et al. 2021; Faysse 2011).  

Energy. LƴŘǳǎǘǊƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ aƻǊƻŎŎƻΩǎ ƎǊƻǿƛƴƎ ŜƴŜǊƎȅ ŘŜƳŀƴŘ (UNESCWA 

2018). Morocco imports about 90% of its energy needs in the form of oil and coal (ITA 2021a; IRENA 2022b). Total 

energy supply is made up of 56% oil, 30% coal, 10% renewables, and 4% gas (IRENA 2022b)Φ aƻǊƻŎŎƻΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 

production methods are 80% thermal steam, 10-11% wind, 6% hydropower, 1-3% solar (METDD 2018).  Morocco 

receives a portion of the natural gas that passes through it on an Algeria-Spain natural gas pipeline (EIA 2019). The 

ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊ ƳŀƪŜǎ ǳǇ ŀōƻǳǘ т҈ ƻŦ aƻǊƻŎŎƻΩǎ ǘƻǘŀƭ ŎƻƴǎǳƳŜŘ ŜƴŜǊƎȅΣ ŦŀǊ ƭŜǎǎ ǘƘŀƴ ǘƘŜ Ƴƻǎǘ ŜƴŜǊgy-

intensive transportation (38%) and industry (22%) sectors (Meir, Opfer, and Hernandez 2022; AMEE n.d.; n.d.).  

Figure 7. Climate Zones of Morocco 
 (Source: Ouali et al., 2020) 
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Morocco is striving to become one of the most renewable-energy oriented states in the MENA region. The state-

owned Moroccan utility company has set a target to generate 52% of electricity needs from wind and solar energy 

by 2030 (EIA 2019). Of the 52%, Morocco plans for 20% to come from solar energy, 20%, from wind energy, and 

12% from hydraulic energy (KOM 2016). Morocco also plans to reduce energy consumption by 15% by 2030 

(MEMDD 2009)Φ Lƴ нлмфΣ ƻƴƭȅ мл҈ ƻŦ aƻǊƻŎŎƻΩǎ ǘƻǘŀƭ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ǿŀǎ ŦǊƻƳ ǊŜƴŜǿŀōƭŜǎ (IRENA 2022b). 

Water-Energy. Growing demand has been met with different strategies for water and energy. Until recently, 

aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ǎǘrategy has focused on capturing domestic surface water resources and providing water for 

agriculture and other industries (Langenberg et al. 2021). Energy planning has focused on investing in new 

technologies for renewable energy and stronger pushes for improving energy efficiency. Hydro/Marine energy 

ŎƻƴǘǊƛōǳǘŜŘ от҈ ƻŦ aƻǊƻŎŎƻΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎŀǇŀŎƛǘȅ ƛƴ нлнм (IRENA 2022b). 

hƴŜ ƻŦ aƻǊƻŎŎƻΩǎ Ƴŀƛƴ ƛƴŘǳǎǘǊƛŜǎ ƛǎ ǇƘƻǎǇƘŀǘŜ ǇǊƻŘǳŎǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ŀ ƪŜȅ ƛƴǇǳǘ ǘƻ ŦŜǊǘƛƭƛȊŜǊ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ 

agricultural productivity. Over 75% of global phosphate reserves are located in Morocco, which represent over a 

quarter of the global market share (Daher and Mohtar 2021). Morocco plans to increase its fertilizer output by 

nearly 70% to counter the drop in global availability resulting from the Russia-Ukraine war in 2022. Russia is the 

ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŦŜǊǘƛƭƛȊŜǊ ŜȄǇƻǊǘŜǊΣ ŦƻǊŜƳƻǎǘ ƻŦ ƴƛǘǊƻƎŜƴ ŀƴŘ ǇƻǘŀǎǎƛǳƳ ŦŜǊǘƛƭƛȊŜǊǎΣ ŀƴŘ ǇǊƛŎŜ ƛƴŎǊŜŀǎŜǎ ƘŀǾŜ ǎǘǊŀƛƴŜŘ 

agricultural production in Europe and Africa (Tanchum 2022)Φ aƻǊƻŎŎƻΩǎ ŜǎǎŜƴǘƛal role as a phosphate producer 

interacts greatly with the Water, Energy, and food nexus, as mining and chemical processing are water and energy 

ƛƴǘŜƴǎƛǾŜ ǇǊƻŎŜǎǎŜǎΦ aŀƴŀƎƛƴƎ ǇƘƻǎǇƘŀǘŜ ǇǊƻŘǳŎǘƛƻƴΩǎ ƭƻŎŀƭ ŀƴŘ ƴŀǘƛƻƴŀƭ ŜŦŦŜŎǘǎ ƻƴ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ 

resources requires dynamic, system-oriented management (Lee et al. 2020). The energy sector makes up 3-4% of 

aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ (MEM 2018). 

One key area where the water-ŜƴŜǊƎȅ ƴŜȄǳǎ ƛǎ ǾƛǎƛōƭŜ ƛǎ aƻǊƻŎŎƻΩǎ ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊΦ ¢ƘǊƻǳƎƘ ǘƘŜ DǊŜŜƴ aƻǊƻcco 

Plan and forthcoming Green Generation Plan, Morocco has committed to making its agriculture sector into a 

άƭŜǾŜǊ ƻŦ ǎƻŎƛƻ-ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘέ όaƛƴƛǎǘŝǊŜ ŘŜ ƭΩŀƎǊƛŎǳƭǘǳǊŜ нллуύ. The agriculture sector contributes about 

мр҈ ǘƻ aƻǊƻŎŎƻΩǎ D5tΣ ōǳǘ ŜƳǇƭƻȅǎ ǎƻƳŜ пл҈ ƻŦ aƻǊƻŎŎƻΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ǿƘƛŎƘ ƳŀƪŜǎ ǘƘŜ ǎŜŎǘƻǊ ōƻǘƘ ǎƻŎƛŀƭƭȅ 

and economically significant (Taheripour et al. 2020)Φ !ƎǊƛŎǳƭǘǳǊŜ ŎƻƴǎǳƳŜǎ ут҈ ƻŦ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊΦ !ǎ ǎǳŎƘΣ 

Morocco has invested in drip irrigation, solar powered water pumping technology, and desalination. The national 

climate plan highlights the goal of renewable energy-powered desalination plants for agriculture (MEMDD 2009). 

! ǎǳƳƳŀǊȅ ƻŦ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ŦŜŀǘǳǊŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ CƛƎǳǊŜ уΦ 

There are differences between Morocco and Jordan. ! ƳŀƧƻǊƛǘȅ ƻŦ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŎƻƳŜ ŦǊƻƳ ǎǳǊŦŀŎŜ 

water, with only 20% coming from groundwater (Langenberg et al. 2021). This leads to different challenges than 

Jordan, including water losses due to aging water storage infrastructure, high evapotranspiration rates, and water 

pollution (Langenberg et al. 2021). Furthermore, similar challenges have different consequences in Morocco, 

where decreasing aquifer levels leads to saline infiltration (Faysse 2011). Morocco has some hydropower 

production associated with its dams. Although agriculture is an important consumer of water and energy in both 
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countries, in Morocco the agriculture sector consumes 87% of national water resources, while in Jordan it is only 

48.6% (Langenberg et al. 2021; MWI 2023). Regarding governance, Morocco governs the water sector with a far 

more decentralized manner compared to Jordan, with much of the responsibility at the regional level. 

Additionally, Morocco has greater private sector involvement in the energy sector compared to Jordan. 

Morocco shares similarities with Jordan. Morocco and Jordan are both water scarce countries, though at different 

scales. In 2018, Jordan had 68 m3 of renewable water resources per person, compared to 815 m3 in Morocco 

(World Bank 2018b; 2018c). In addition to water scarcity, both countries face more unpredictable and uneven 

water availability due to climate change, making long-term water planning more difficult. Desertification is a 

challenge in both countries; in Morocco, desertification mainly affects highly populated plains and areas with 

livestock pressure (Mirzabaev, et al. 2019). 

Both countries have issues with aging infrastructure: although Jordan is mostly concerned about aging distribution 

infrastructure, while  Morocco is concerned about aging dams and inefficient irrigation conveyance (Langenberg 

et al. 2021). Both countries face overexploitation of groundwater resources, illegal or unmetered groundwater 

withdrawals, and reliance on imported energy, with both countries importing about 90% of their energy needs 

(MEMR 2020; IRENA 2022b). 

Morocco and Jordan have both prioritized water for all as a human right τ фу҈ ƻŦ WƻǊŘŀƴΩǎ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ŀŎŎŜǎǎ 

ǘƻ ŀ ǎŀŦŜƭȅ ƳŀƴŀƎŜŘ ǿŀǘŜǊ ǎƻǳǊŎŜΣ ŀƴŘ фм҈ ƻŦ aƻǊƻŎŎƻΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ Ƙŀs access to a safely managed water 

source (MWI 2016; World Bank 2018a). In both countries, the rural and more arid areas have the least consistent 

water provision. Both countries see treated wastewater and rainwater runoff as an opportunity to increase water 

supply. Morocco reuses relatively little of its treated wastewater, and 79% of the generated wastewater was not 

treated to acceptable standards (MFA 2018). Both Morocco and Jordan see desalination, water efficiency, energy 

efficiency, and renewable energy as opportunities for improving the sustainability of both sectors. 

4.2 Governance and Institutional Structures 

a. Governance of the Water Sector 

Water and utility governance in Morocco is a complex system, with many players at both the national and regional 

ƭŜǾŜƭǎΦ aƻǊƻŎŎƻΩǎ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ ǊŜŦƭŜŎǘǎ ǇǊŜ-colonial decision-making structures and 

customs (Legrouri, Sendide, and Kalpakian 2019; Machrafi et al. 2022).  

The 1995 Water Act created the framework for water management that Morocco still uses today. This act sought 

to rationalize water use, provide universal water access, ensure water security, and set limitations on access to 

groundwater (Langenberg et al. 2021). Additionally, the 1995 law set the stage for decentralized water 

management by drainage basin, which was further supported by another law in 2016. Since 2016, Morocco has 

had a two-tiered system of governance; at the national level, an inter-ministerial commission manages water 
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strategy, and at the hydrologic basin level, basin committees manage basin water strategy and operations (Sadeq 

2020). 

There are many players at the national level responsible for water management. There are five advisory bodies: 

The IƛƎƘ /ƻǳƴŎƛƭ ŦƻǊ ²ŀǘŜǊ ŀƴŘ /ƭƛƳŀǘŜ ό[Ŝ /ƻƴǎŜƛƭ {ǳǇŞǊƛŜǳǊ ŘŜ ƭΩ9ŀǳ Ŝt du Climat, CSEC), which is responsible for 

coordination and consultation, the National Council for the Environment, the General Council for Agricultural 

Development, the Permanent Inter-Ministerial Council for Rural Development, and the National Drought 

Observatory (Legrouri, Sendide, and Kalpakian 2019). The National Council for the Environment (Conseil National 

ŘŜ LΩ9ƴǾƛǊƻƴƴŜƳŜƴǘΣ /b9ύ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ мффр ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ ƛƳǇǊƻǾŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǇǊŜǾŜƴǘ Ǉƻƭƭǳǘƛƻƴ 

and environmental harm. In practice, the National Council for the Environment has been responsible for preparing 

an annual inventory of national environmental issues (Machrafi et al. 2022). The General Council for Agricultural 

Development (Conseil Général du Développement Agricole), the Permanent Inter-ministerial Council for Rural 

Development (Le Conseil Interministériel Permanent du Développement Rural), and the National Drought 

Observatory (Observatoire National de la Secheresse) provide advice and decision-making support for issues 

relating to drought and agricultural development (Iglesias, Moneo, and López-Francos 2007). In addition to these 

advisory bodies, the Inter-ƳƛƴƛǎǘŜǊƛŀƭ ²ŀǘŜǊ /ƻƳƳƛǎǎƛƻƴ όƭŀ /ƻƳƳƛǎǎƛƻƴ LƴǘŜǊƳƛƴƛǎǘŞǊƛŜƭƭŜ ŘŜ [ΩŜŀǳύ is the sole 

coordinator body for the water sector. 

wŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ aƻǊƻŎŎƻΩǎ ǿŀǘŜǊ ǎŜŎǘƻǊ ŀǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭ Ƙŀǎ ōŜŜƴ ƳŀǊƪŜŘ ōȅ ǘǊŀƴǎƛǘƛƻƴ ǎƛƴŎŜ нллн όaŀŎƘǊŀŦƛ 

et al. 2022). In 2002, the water sector was separated from the Ministry of Public Works and Equipment and was 

put under the Ministry of Land Management, Water and the Environment and directly administered by the 

Secretariat in charge of Water. In 2007 it was merged with the environment, energy, and mining sectors in the 

Ministry of Energy, Mines, Water, and Environment (now the Ministry of Energy Transition and Sustainable 

Development (MEMDD) (Machrafi et al. 2022). Finally, in 2017, the water sector was placed under the Ministry of 

Equipment, Transport, Logistics and Water, which is now known as the Ministry of Equipment and Water 

(MinisterŜ ŘŜ ƭΩ9ǉǳƛǇŜƳŜƴǘ Ŝǘ ŘŜ ƭΩ9ŀǳΦ a99ύ. It is responsible for government policy relating to port, water, and 

meteorological infrastructure. It comprises the General Council for Equipment and Water (Conseil Général de 

ƭΩ9ǉǳƛǇŜƳŜƴǘ Ŝǘ ŘŜ ƭΩ9ŀǳ), and the General Directorate of Hydraulics (5ƛǊŜŎǘƛƻƴ DŞƴŞǊŀƭŜ ŘŜ ƭΩIȅŘǊŀǳƭƛǉǳŜ), which 

includes the Water Research and Planning Department and the Department of Hydraulic Developments (MEE 

n.d.). 
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Figure 8. Key water-energy interconnections in Morocco (Source: Authors) 

The Ministry of Energy Transition and Sustainable Development (Ministère de la Transition Energétique et du 

Développement Durable, MTEDD) is still involved in water governance through its Secretariat of State for Water, 

ǿƘƛƭŜ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ CƛƴŀƴŎŜΩǎ Water, Energy, and Mining Division monitors public water companies (Machrafi et 

ŀƭΦ нлннύΦ a9¢55 ŀƭǎƻ ƻǾŜǊǎŜŜǎ hb99Σ aƻǊƻŎŎƻΩǎ ǎǘŀǘŜ-owned water and electricity utility company. The Ministry 

ƻŦ LƴǘŜǊƛƻǊΩǎ Water and Wastewater Direction assists municipalities with water and sanitation issues, planning, 

implementation, and budgeting. Other directorates supervised by the Ministry of Interior are responsible for 

monitoring and regulating local utilities. Additionally, a Ministry of Interior representative from the Directorate of 

Public Utilities and Concessions is on the board of each municipal utility (MFA 2018).  

The Secretariate of State is in charge of the ten Water and River Basin Agencies (Agence de Bassins Hydrauliques, 

ABH) and drafts laws and regulations related to the development and operation of water resources. It steers the 

national policy for water by researching and planning for water management (MFA 2018). Responsibility for water 

in Morocco is largely in the hands of the River Basin Agencies, with relatively little governance at the national 

level. Instead, national entities are consultants and coordinators for the regional bodies (Machrafi et al. 2022). 

 

b. Governance of the Energy Sector 

The Ministry of Energy Transition and Sustainable Development (Ministère de la Transition Energétique et du 

Développement Durable, MTEDD) is responsible for most energy-related governance on the national level, 

including electricity, renewable energies, energy efficiency, hydrocarbons, nuclear, fuels, and mining. In particular, 

METDD develops and implements government policies, applies legislation and regulations to public 










































































































