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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 egystems in which they exist. Water, energy, amodf 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 ief@d insecuritthasbeen 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
COVIBEL9 pandemic the increase in global food insecurity in 2020 equaled the imsrefithe 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 twitige gro
demands and pressures they face (Figure 1). In 2014, energy consumed 10% of total water withdrawals, and
energyrelated water consumption was estimated to increase by 60% between 2014 and 2040 (IEA 2016). The
water sector consumed about 4% of the woiRa St SOGNAROAGE (2 LizyLlx GNBI G5
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 fstehsys 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 teN¥YEEE
systems. The effectsf climate change include unpredictable weather patterns, fluctuating surface water
resources, and decreased agriculture potential. According to UN Water, fluctuations in suat@ceavailability
KIFIgdS 06SSy 20aSNISR Ay 2 ¢hdkig waterfrdsduiceKmagagemanKrSore @lhINGgiRE & ¢
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 productiecasts
estimate a 100110% 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 &p 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.

Governance and institutional frameworks analysis and global lessons learned i Final Version 7
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE)
Nexus in Jordan



-

Nexus Regional Dialogues Programm e & Energy Efficient Water Sector

Rising
economies

Governance .o e _

Pumping

WT/WWT
Drainage rrigation

i |
Desalination 1 Processing i
/T mar ent H {
ribution \ /

Energy _ Water Food
Energy generation ‘

Cooling

Extraction /\ ........................ ;
|-'JT:(IMDOH E Water quality :
t i

' Global
International I ; population

trade \—/

Figurel. Water-EnergyFood system interconnections. Source: (Mohtar and Daher, 2012)
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1.2 Overview of interconnected Water-Energy-Food-Environment
challenges in the MENA region

Tworthirds of countries in the MENA region are expette be in absolutevater 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&Balll2e World

byl HamMyO® ! O2YLI NR&A2Y 2F a9b! O02dzyiNASEAQ NBYySs! ¢
The MENA region has around 1% of gldbedhwaterresources, much of which is made up of remewable
groundwater (GW), which weens the consequences of overexploitation (Hibrawi 2019; UNESCO WWAP 2022).

Energy resourcesalthough present in many countries, often come with concerns about security, sustainability,
and affordability for countries that are not sdifficient energyproducers. 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 denthad in
region is expected to increase by 2% a year until 2040 (Ersoy and TeR&gi62021).
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one of the main drivers of increasing water, energy, and food demand. Although the population growth rate is
at2gAy3s GKS a9b! NBIA2YQa LI2 LidistihalfloRthe twenrtyfirs$ eehti8yO G S R
(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 tnemployment 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 engrgnputs. 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 expextecrease 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
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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 laster requirements, countries that originally relied heavily on imported
energy will see arise in water demand as part of their transition to renewable energy production. Growing energy
and water requirements for the MENA region highlight the need falesysninded 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 m3refiewable 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 amms$sieates 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 importe®84% of its energy needs 2021 (MEMR 202). Furthermore, demand for
electricityhas 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 waterenergy committee and technical working group in Jorda20@1, Jordan spens% of its GDP

on energyimports, at a cost of nearl®.6 billion USOOMEMR2021). It is reported thathe electricity billof the

water sectorconstitutes almoshalfthe operational andnaintenancecost.

W2 NRIyQad RSYFYR F2NJ ¥F22R KI & 3INRBgy Ay NBOSyid &SI Na
as the year of food security for Jordan. The subsequent food summit and nationadoadty plan that included
highlighting the multidisciplinary and mukHinstitutional nature of the food system with the goal of reconsidering

GKS NRfSa FyR NBalLRyaAoAtAlGASa 2F NBfFTGSR | OééfNR oL
the waterenergyfood-environment system: 5@ /x> 2 F W2 NRIFy Qa ¢l 0 SNJ IdBaf (20!
W2 NRIFIyQa St SOGNRO SySNHe d&dvakr péntpingddtiviies vyl 0BHMENIR | I N
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 exan§0€% of water used by the agriculture sector is
treated wastewater, which utilizepyss 2 F W2 NRFyQa I @+ Af | 6t \NSVIWBHBWIEaRIR NI i
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 sigo#nt strains orboth the water and energy sectors. As it presently stands,
prE: 2F GKS g1 0SSN aSO02NRa 2LISNFX A2yl f Ozaida 32 (26

Governance and institutional frameworks analysis and global lessons learned i Final Version 10
Development of Framework for the Governance of the Water, Energy, Food and Environment (WEFE)
Nexus in Jordan



S

Nexus Regional Dialogues Programm e & Energy Efficient Water Sector

providing affordable water to its citizens, which cammtribute to financialpressures orthe government (MWI
and MoEnv 2020).

W2NRIYyQa aAyAaidNrR 2F 2FGSNJ YR LNNA3IFGAZ2Y YR GKS
strategies and plans to increase energy and water efficiency, finance investments into rémewatgy sources,

and explore new water resource options. These sesfmcific 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 envirental 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)yd@¥da 6| G SNJ F YR T2 2F
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
haoS f SR (2 KAIK LRffdziA2y 2F W2NRIyQa NAGSNEIZ | yR 2
deteriorated water quality (MWI and MoEnv 2020). Jordan has acknowledged intersectionality of the environment
through itsGreen Growth NationaAction Plans2021-2025 which encompass the water, waste, energy, and
agriculture sectors. These plans highlight the necessity of environmental sustainability to ensure a sustainable
economy and prioritize crossector collaboration and support of the emsment through technical and financial
initiatives (MWI and MoEnv 2020).

Need for integrated planningDespite 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 thesgoss (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 framewdrks an
coordination mechanisms that allow a proper evaluation of the synergies and-tféslassociated with different
technical and policy interventions being considered across sectors. This requires the development of a common
vision and success metrics tngire coherence between crassctoral 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 @ns 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, energyd food sectors in Jordan. Specifically, the report il
introduce criteria for selecting country case studies that offer best pract@gg&entify countries based on
selection criteria and mukstakeholder consultation process3) outline the decsionmaking 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 examglesflect on lessons learned which could be
consideredwithin the Jordanian context.
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Source: (WBCSD 2009

This report will specifically focus on the Watétnergy nexus interconnections within the context of the broader
Water-EnergyFoodEnvionment nexus frameworkAddressing 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 cedy nonrevenue water, many solutions to
increase water supply, such as desalination and watarseeand recycling are energy intensive; it is expected
that desalination projects will account for 20% of watelated electricity demand by 2040 (IEA 2Q1%9lutions

to develop renewable energy or conventional domestic energy resources can also bentetsive; although

some renewable energy production methods require very little water, others (e.g., some methods of solar power
(e.g. solar heaters), bioéls, 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 internationalationswhile 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 correspondenceélheGIZ 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, esomic, 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 Regu@ommission.

ii. Virtual stakeholder consultationg-ollowing 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 usd 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 incladddional nongovernmental and
international development stakeholders including EDAMSociation, Gtdordan, German Development Bank,
World Bank, EU delegation to Jordan, and FriedgbhrtStiftung Jordan & Iraqg.

iii. Literature review and analysisBased on the input provided by stakeholders in response to the country
selection criteria ad 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 Bergy 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)basil have regions with similarities to Jordan in terms

of the challenges they face (see Table 1):

Tablel. Cacreated country selection criteria

Water and Energy 1.Water scarcity 7. Energy losses
Resources Criteria 2.Energy dependence 8. Climate (dry, hot with large
(availability, 3.Water per capita number of sunny days)
dependence, losses, 4.Energy per capita 9. Infrastructural development
infrastructure services) 5.Nonrevenue water 10. Services coverage (%)

6.Water losses 11. Desalination plans

12. Renewable energy plans

Economic/Financial 1.Level of development 4 Electricity tariffs differentiated by
Criteria 2.Sources of financing time of use (TOU)

3.Energy costs of the water ~ °-Water cost

sector

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
4.0Operators of energy and water systenagiftralized vs. decentralized
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Regional Cooperation 1bSAIKO2NRAY I O2dzy iNARSaQ 022 LISN.
Criteria
Food/Agricultural 1. Agriculture water needs
related Criteria

2. Agriculture energy needs

3. The prevalence afesertification, 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 energgources 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 eanflessons 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 resoeiravailability, 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 Joellaw}yor 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, deternfinaisia Morocco,

and Singaporeto be the best candidates for further study based on their similarities and alignment with the
criteria. The following sections exploeach of the selected countries.
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3.Country 1: Tunisia

3.1 Context
Water. Despite Tunisiabés | imited Mswbhumid [ € S O |
. .. . . . . . B semi-arid
has succeeded in providing universal drinking water service in ., [ arid superior
[ arid inferior

urban areas and managing water demand during times of drought
since the implementation of its first water mobilization strategy in

[Csahara

250 mm

1990 ( MARHP 1998) . Tuni siabds wat e une
distributed throughout the country, with northern areas receiving  100mm

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 o f water resources, Tu yopul @

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 Figure4. Climatic and rainfall map of
Tunisiads water consumpti on | ¢unisia(Source:Hentati 2010) 3T
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).

, w I

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 e
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). Tunisiabs energy production by source is me
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).
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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 en
tension and medium tension |lines (STEG 2Wakdneeds Tun
are highly energy dependent. The National Office of Sanitation (Of f i ce Nati onal Ye | 0

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 represe n t di fferent proportions of energy
consumes 6% of the national total final energy consumption (IRENA 2021b).J or dands agri cul t
consumes 3.2% of the national total final energy consumption (MEMR 201 % . Jor dands pol it
has been more stable than Tuni si abs -201lL evolutibrhaangeast d
of power in 2015, and new constitution (GI1Z 2019b).

Tunisia shares similarities with Jordan. Both are highly water scarce; in 2018 Jordan had 68 m? of
renewable water resources per person per annum, Tunisia had 363 m® (World Bank 2018b; 2018e) i
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; mor e t han atwgrkiiamadreghan 37 ffears he T 1
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
electricity sales through their high tension and medium tension lines (STEG 2021a). Similarly, about 10%
of Jordands electric energy e adlvastevweatertreagrer grocéessesvar d W

Both countries experience overexploitation of groundwater resources, tumultuous regional politics, and
reliance on imported energy. JordanandTuni si a both use treated wastewat
wastewater makes up about 1% of their irrigated agriculture needs, much less than Jordan. Furthermore,
Tuni siabs treated wastewater is often nm2013B0% ot o mp |
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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 Jor dands
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
Jordands popul ation has access t ounisiahasacdhievedunivesal a g e d
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).

+ 0Oil and Mining sector consume 3-4% of total water consumption in Tunisia

+ The agriculture sector consumes 80% of total water withdrawn, with 14% by the
Municipal sector, 3% by the Industrial sector 5%, and 1% by the Tourism sector

!

R ble Water Ri /Person
+ 363 m3/ persons far less than the
global average of 5,658 m3/ persons

Energy Dependency
+ Tunisia imports 60% of its Energy

Electricity

* 97% of Tunisia's electricity is
generated from fossil fuels, mainly
natural gas.

‘Water Portfolio

* 40% Deep Groundwater

« 22.5% Groundwater

* 34.8% Surface Water

+ 2.1% Treated Wastewater
+ 0.6% Desalination

®

Energy Production by source

+ 69.9% Combined Cycle
15.2% Gas Turbines
12.4% Thermal Steam

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

Tunisia . 2.4% Wind
= Drinking water network > 37 years * 0.1% Hydropower
old, with efficiency ~70%
+ In 2012, energy subsidies made
« Little monitoring or enforcement for up 20% of the public budget
groundwater withdrawals

+ The National Office of Sanitation spends 60% of its operating costs on energy
= In 2020, water pumping and pumping for sanitation services made up 13% of STEG's sales

+ Agriculture and drinking water consume 14% of electricity provided by Tunisia's national
energy company

Figure5. Key waterenergy interconnections in Tunisia
Source: Authors
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3.2 Governance and Institutional Structures

a. Governance of the Water and Agriculture Sectors

TheaAYyAAaGNE 2F | ANROdAZ GdzNBExX 2 SN wSaz2dz2NOSa | yR
Hydrauliques et de la Péche, MARKRhe 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
guidedbytheo F G A2yt 21 G§SNJ / 2 dzy QW) & stratégl ddisbly bodybmadeiug of |
representatives from various ministries and national organizations, although Agdcultural
Development Groups (Groupements de Développement Agridd@As) or local representation is
included (Closas, Imache,caMekki 2017).

MARHP has many departments that manage specific areas of national water resourc&enErnal
Directorate of Water Resources (Direction Générale des Ressources & tBaunost ovefarching

entity, responsible for developing operationalethods for managing water resources, developing
mobilization plans, and managing water quality measuring stations. Operating under the General
Directorate isthe dzNB I dz 2 F LYy @Sy id2NE FyR | 8RN} dzZf AO wSaStH |
Hydraulgues) an administrative unit that is responsible for research, monitoring, and managing water
data (CEDARE 2014). Bwreau of Planning and Hydraulic Equilitftia Bureau de Planification et des
Equilibres Hydrauligues) a public establishment unddré¢ General Directorate of Water Resources that
schedules annual water allocations, plans water mobilization, and developsanwentional water
resources to manage supply and demand. The Bureau also coordinates between water resources
production institutons and water users in different sectors.

TheGeneral Directorate of Dams and Hydraulic Works (Direction Générale des Barrages et des Grands
Travaux Hydrauliquesy another directorate under MARHP that develops and researches topics relating

to dams and water mobilization, and th@eneral Directorate for Development and Conservation of
Agricultural Landnanages water guidelines and coordination relating to agucal water (CEDARE
2014).
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TheDirectorate General of Rural Engineerin A NSO A2y DSYSNIfS Rdz DSYAS
Eaux)is another directorate under MARHP that is responsible for small and medium water supplies in
rural areas (IJIUCN ROWAI1®). 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 MRRFheNational Society of Water Exploitation and
SAaGNAROdzGAZ2Y 0{20AS0S blidAz2yl S RQ8&MbliedrbpanyA 2 y
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 are
and 53.4% of rural areas (SONEDE 2021). The Northern Water Canal and Supply Company (SECADENOF
is responsible for the management and operation of watigred 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, th&kegional Commissariats for Agricultural Developm@mmmissariat
Régional au Dévelopement Agricole, CRDAge been responsible for authorizing access to water for
irrigation purposesAgricultural Development GroufiSroupements de Développement Agricoles, GDAs

are responsible for managing public irrigated perimet€PPls), including maintaining irrigation
infrastructure and collecting fees (G1Z 2019b).

Decentralized water management through regional and local authorities has seen inconsistent results.
There are over 2,800 GDAs managing irrigation or drinking wafkunisia (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 connet 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 additiotmbh growing number of illegal wells, there are no
meters monitoring authorized wells and therefore no way to control the volume of water withdrawn
(GlZ 2019Db).

Other ministries govern water quality and a few other aspects of the water sectomMirhstry of the
OYDBANRYYSYU O6aiyAhiaids NSrespofsible foosgriationeandyad andirgningntala 9 0
aspects of water. The ME oversees theé G A2y € {FyAOGFGA2Y hFTFFAOS 6] O
ONAS)the National Waste Management Agency @xge Nationale de Gestion des Déchetryl the
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National Environmental Protectiohgencyd [ QF ISy O0S yIF A2yl fS RS (MOEBRGSO
2020a). Théinistry of Public Healtbontrols drinking water standards, while thMinistry 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. OtHeoddncused
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 Sec¢ufityde and Services Committee, which
operate or advise on different aspects of sector governance (GI1Z 2019b).

b. Governance of the Energy Sector

TheMinistry of Industry, Energy and MingsA Yy A a8 NB RS f QLYRdzAGNASSE RS
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 optimimarket conditions (Ersoy and Terrapefaff

2021). The ministry administratively overseesthé G A 2y It | ISy O0e F2NJ 9y SNH?E
bl GA2y S LI2dzNJ | / 2y 56 iNdBpendangpyiblidn8profit OrgayiiatibAthas = ! b
designsl YR A YLX SYSyida ¢dzyAaAl Qa ylraA2ylf SySNHE& L
commissions in MIEM, thdnterdepartmental Commission of Independent Power Generation

0/ 2YYA&aaArzy {dzLISNASdzZNE RS f I ardBTRdnaddaBosyiissibnyoR S LIS
t NAGFGS wSySgloftS t26SNI DSYSNIGA2Y O/ 2YY,m@aAzy
responsible for renewable energy projects, analysis, and negotiations with independent energy
producers. Other actors related to the energy seare theTunis International Center of Environmental

¢ SOKy2ft23ASa 0/ SYUuNB LYGSNYyFdA2yl f aRiSkEeNaticdBaDKYy 2 f
I 3SyO0e FT2NIOYDBANRYYSyYyGlrf tNRUGSOGAZ2Y 0O [whkhb&lgF OS b
sustainable skills and assess environmental impacts of power production, respectively (Ersoy and
TerraponPfaff 2021).

The Tunisian Electricity and Gas Compdghyt { 2 OASGS ¢dzy AAASYYyS)vwRQ 9t SC
created in 1962 with the responsiltylito 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 Terrapdaff 2021). One power plant was manageg b
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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 20year power purchasing plan ended in May 2022 (ITA 2022a). Individuals generating solar
power are able to sell up to 30% of any excess eléfstiisey produce from photovoltaic systems back

to STEG (GlZ 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 lIstitutions

CNRBY | ylLaAz2ylrf €S3Frf LISNBRLSOGABSTE 6l GSNI YR S
O2yaildAaldzianzy SyaKNAySa OAGAT SyaQ Na3IKGa G2 o1 G
standing Water Code was issued in 29dlthough 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 aécaddlaccessible
electricity for all its consumers through subsidies and affordable pricing (G1Z 2019b).

¢ dzy A & A I 1Qdrinkiad: waterNehd water for irrigatiom is priced so that to ensure affordability
(OHCHR 2022; Chebil et al. 2022; GIZ 2019bjadhef enforcement or clear legislation on groundwater
pumping leads to illegal withdrawals and unpaid water fees. Currently, revenues from drinking water
2yte O20SN) ydiz 2F {hb959Qa 2LISNIYGAYy3I YR &AaidNJ
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 @icates based on international oil and gas prices, finances of
yEGA2ylf SySNHe& O2YLI yASas FyR GKS JI20SNIPMSYy G Qa
2021). Tariffs for subscribers on the lowltage (90 kV) network are based on the sectagnthly
consumption, and power level. Tariffs for the mediitage (150 kV) network are based on the time

of day and the season (AfDB 2021).
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Key Water Governance Actors

National:

+  The Ministry of Agriculture, Water
Resources and Fisheries

+ National Saciety of Water
Exploitation and Distribution
(SONEDE)

+  The Ministry of Environment

+  The Ministry of Public Health

»  The Ministry of Equipment

Tunisia

Key Energy Governance
Actors
Coordinating Actors

National:

+  The Ministry of Agriculture,
Water Resources, and
Fisheries

National:

+  The Ministry of Industry
Energy and Mines

+ The National Agency for
Energy Conservation

+ The Tunisian Electricity
and Gas Company
(STEG)

+ The Bureau of Planning and
Hydraulic Equilibira

+ The National Water Council

N~

Figure6. Key water and energy governance actors in Tunisia
Source: Authors

Regional and Local:

+ Regional Commissariats for
Agricultural Development

+  Agricultural Development Groups

The Ministry of Environment

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 STlR© | yy dzl f RSTAOAGA (KL
budget (Ersoy and Terrapérfaff 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
{¢9DVEI GKAOK Aa O20SNBR o0& GKS {GFrdSQa o0dzRASH @
0dzZRASG 2NJ diz 27T ¢ dzy A &-RfafiR62). B SummaryoitBekey adtogs BovernigiNT L
water and energy in Tunisia can be found in Figure 6.

Tunisia has established legislation to encourage pyishiate partnerships in the water and energy
sectors, with notable laws passed in 2015 and 2019 (OEGH B n.d.). However, little progress has
been made in implementing further private involvement, due to political volatility and the GO¥ID
pandemic (USDoS 2022).

3.3 Methods to ensure policy coherence and integration

Although Tunisia does not have specific government entities that formally coordinate-era¢egy-food
nexus areas, there is a number of entities that have mandates, members, or responsibilities relating to
interconnected nexus issues. The most notablédeais 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
tKNRPdzAK AdGa RANBOGZ2NIGSA 2F | ANROdzZ GdzNF £ € yR
departments have research responsibilities that can lead to wetergy solutions, but the Bureau of
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tfFYyyAy3 FyR | @RNI dztf A O 9 {jindidess analysid d@ wateNBsbucesiadd dzy
O22NRAY I GA2Y 0SG6SSY 61 GSNJ LINPRAzOGA2Y Ay adAdldzii
responsibilities include appropriately allocating water and ensuring sustainable resource mobilization,
which @rresponds with energyor-water analysis (CEDARE 2014).

The National Water Council was established to update water policies and strategies (World Bank Group
HAHMUO® ¢KS O02dzyOAf Qa O2YLRAAGAZ2Y Ay Of dzRS dan NS LIN.
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 represéwés 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
commissios. 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 nesonventional water plans and policiéSoT 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, andthgéi§ IN> G A2y 2F NByYySsl o6ftS SySNH
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 soladpowere
desalination projects and small hydroelectric power stations (SONEDE 2021).

The Agricultural Investment Promotion Agenfdgence de Promotion des Investissements Agricoles,
APIA, a department under MARHP, has worked with ANME to investigate the pdtehsalar power

in agriculture for water pumping and irrigation. This partnership highlights an area of particular
importance for water and energy systems (GlZ, APIA, and ANME 2016). A related initiative to encourage
the adoption of Solar Pumping and gration Systems represents one of the clearest interdependencies

of the WaterEnergyFood Nexus. The Energy Transition FuredRonds de Transition Energétique,)FTE

and the Tunisian InvestmentFuod] S C2y Ra ¢ dzy A & A Sy, ruRtBrougfARMEZhGVE (0 A & &
subsidized the adoption of these new systems, making pumping much more efficient (GIZ 2019b).

TheMinistry of the Environmens the main actor outside of the twine ministries that integrates water
and energy. Th&lational Strategy for th&sreen Economy in Tunisibearly targets energy efficiency,
renewable energy, water conservation, and water reuse as areas that together can lead to a sustainable
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SO2y2Y@ 6a29 HAHNOLD® ! fGK2dzAK (GKS aAyAaiNB 27
less tangible than the two main line ministries, its responsibilities are syst@amted, making it a
unique actor for coordination.

Additional waterenergy nexus solutions are being addressed through ssnalk 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; SONE® LINR ANI Y | Yy R
energy efficiency goals expressly seek to decrease energy costs (SONEDE 2021; GIZ, APIA, and ANN
2016). The onavay nature of water energy connections is representative of the financial motivations of
each sector; many water and rgulture entities have made steps to implement energy sawiagd
therefore energy cossaving opportunities, but the energy sector has no casiented motive to

pursue energy cost saving opportunities in the water sector. Instead, the energy sectoridihan
benefits from inefficient water usage. The highly stb orientation of the energy sector reflects this
dynamic.

3.4 Good practices and lessons learned

a. Variable energy pricing

Tariffs are differentiated between lowoltage (90 kV), mediumoltage (50 kV), and higholtage (225 kV)
networks (AfDB 2021)he lowvoltage 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 nonresidential (STEG 2022). Billing is organized into progressinehgs based on monthly consumption
(IRENA 2021b). Tariffs are subsidized most for households with lower consumption per month (STEG 2022).

For themedium voltagenetwork, tariffs can be uniform or foeshift tariffs. The fowushift 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 peasummer shift) from June to August. For thigh-voltagenetwork, only the foushift

tariff is available, and emergency services using-k@tage network have an alternate tariff rate (IRENA 2021b).
Two other tariffs are used for agricultural irrigati@nd 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 poteptiadntribute to overexploitation of
groundwater (IRENA 2021Db).
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Increasing natural gas imports have caused electricity prices to increase several times irt Ttorigiee medium
voltage network, the uniform tariff has increased by three times since 2U0h8se price adjustments have
affected all electricity consumers except lmensumption households (IRENA 2021b).

58aLIAGS | O2YLX SE LINAOAY3 &0KSYS:T ¢dzyrAail Qa SySNBe@
These subsidies are done thigluthe yearly price setting done by the government, who sets prices far below
international market rates (Ersoy and Terrapefaff 2021; Eibl 2017). In the 1990s, Tunisia was an energy
exporter and could provide cheap domestic energy to consumers. Prgsaiith growing energy demand and
decreasing production, these high energy subsidization rates are much more costly (Eibl 2017).

CdzyAdAl Qa FTNIYSE2N] F2N) St SOGNROAGEe LINAROAY3I adGNBy3i
renewable eneryg 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 loansumptionhouseholds). 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 pdaknand 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 t@e#ik 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 renesvghlsaemces,

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 aegative 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 omplugging 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 guoption of efficient technologiesSolar 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 F)ncutFthrough ANME and APIA, to
subsidize the installation of afrid Solar Pumping and Irrigation Systems (SPIS) in 2009, which has led to improved
levels of technology adoption in rural areas (GI1Z 2019a).
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SPIS have become more economically viabldiesel subsidies diminish, making SPIS a more lucrative choice in
rural areas far from the STEG electricity grid. ®ddnected SPIS have long term returns on investment, since
electricity for water pumping from the electric grid is still highly subsilizelZ 2019a). Offrid 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 egoitation of freshwater resources. Beden 2010

FYR HAMTXE MHn {tL{ LINRB2SOGA&A 6SNB OF NNASR 2dzi (KNRdz
were carried out, highlighting the growing popularity of SPIS technology (GI1Z 2019b).

Subsidies should carefully consider tragdfs and wintended consequencesOne 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 mdmexistent.

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-puenping. Without motivations to conserve water or
limitations from eéctricity costs, farmers may choose to irrigate more land, @wvagate crops, or switch to more
lucrative and more wateintensive crops. As a result, SPIS systems may lead to a higher volume of water
consumption in exchange for lower energy consumpf(iGiz 2019b).

Analysis suggests that the number of SPIS actually installed is higher than the official statistics suggest (GlZ 2019a).
This implies that many SPIS systems have been installed at illicit wells. One reason for this may be that the official
subsidy procesis administratively cumbersome and includes many terms and conditions, which incentivizes illicit
usage (GlZ 2019a). Additionally, SPIS subsidies are limited to farmers using drip irrigation. This is meant to
encourage water efficiency, but may also leadilticit 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 clggewith 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 Tianééd that is reflected in the way

these sectors are governedhe feature most applicable to watenergy, and food nexus management in Tunisia

is the combination of water resources and agriculture under MARHP. This combination highlights the
interconneded 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 AgricuétuLand and the Directorate General of Rural Engineering. These
departments are able to take a mulictoral approach for resource management. Furthermore, they are

F LILINBLINRA F G0Ste Y20A@FG0SR (2 YIylF3S 062 irmatdiogeim y R S
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 (IUGROWA 2019). Additionally, MARHP departments are financially motivated to increase
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costefficiency through energy savings and renewable energy solutions. These motivations, mandates, and
strategies reflect the interconnectivity of the agriculture sectorhmihe waterenergy nexus and highlight an
opportunity for nexusminded decision making.
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4 Country 2: Morocco

4.1 Context

(p))
LLl

Water.a 2 N2 OO2Qa &GN} GS3e G2 g T o I fif o
earnest in 1995, when the right to water, aim for =
rationalizing water use, and the goal of water security

Mediteranean Sea

became law. Morocco has focused on increasing wate i -

storage capacity through dams and storagedsfructure, — Sikenl
regulating water development and distribution, and Atiantic Ocean 7<§-"»~
widening water availability since the 1995 Water Act, with B oY A a
heightened focus on water and sanitation rights for all ,‘:-{-fj/fé-/ ] - after
the royal speech on the topic in 200{Sadeq 2020; gty

Legrouri, Sendideand Kalpakian 201®) a 2 N2 O 02 j'j’“ e ; e e

availability differs greatly geographically and annually; the T | B e
mountainous northern region receives 800mm of rainfalle ¢ | B —— year,
while the southern Sahara region receives about 100 mr /& B jonocems of
rainfall a year(Langenberg et ak021) A climate map of | T i

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

average of 815 fper capita of available renewable Figure?7. Climate Zones of Morocco
freshwater resources, far less than the global average (Source: Ouali et al., 2020)

5,658 niper capita(World Bank 2018c; 2018{Challenges to

suface water resources include aging dam infrastructure, which leads to significant water losses, and high
evapotranspiration rategLangenberg et al. 2021Groundwater supplies 40% of the irrigated area in Morocco
and provides drinking water to most of the rural population. This has led to overexploitation enewable

water resources where groundwater levels have declined by between 0.5 to 2 meteysqreon average, with

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

Energy.LYRdzZAGNRFf FyR S02y2YAO RS@St2LIYSyld O@NESSBWA dzi S
2018) Morocco imports about 90% ds energy needs in the form of oil and c@dlA 2021a; IRENA 2022bptal

energy supply is made up of 56% oil, 30% coal, 10% renewables, and @REHES 20228) a 2 NR 002 Qa St
production methods are 80% thermal steam;10% wind, 6% hydropoav, 1-3% sola(METDD 2018)Morocco

receives a portion of the natural gas that passes through it on an Al§pda natural gas pipelif&IA 2019)The

F ANRA Odzf G dzNBE aSOG2N) YIF{1Sa dzZld Foz2dzi 71 2F az2NmBRpO2Qa
intensive transportation (38%) and industry (22%) sedtisir, Opfer, and Hernandez 2022; AMEE n.d.; n.d.)
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Morocco is striving to become one of the most renewabieergy oriented states in the MENA region. The state

owned Moroccan utility company Baset 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 energfkKOM 2016) Morocco also plans to reduce engy consumption by 15% by 2030
(MEMDD200%p LY HamMpE 2yfe wmm: 2T az2NROO2 GQRENA2022b Sy SNHG¢

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

a2 N2 002 Qftegy has ®dlbed dnh capturing domestic surface water resources and providing water for
agriculture and other industrieLangenberg et al. 2021Energy planning has focused on investing in new
technologies for renewable energy and stronger pushes f@rawving energy efficiency. Hydro/Marine energy
O2yiNROGdzISR o1 2F a2NROO0O2 QARENSWBW | 6f S SySNEHeée OF LJ C
hyS 2F a2NRBO002Qa YIAYy AYRddzZZAGNASA A& LIK2ALKFGS LINER
agricultural productivy. Over 75% of global phosphate reserves are located in Morocco, which represent over a
guarter 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 availabilitguking from the Russiblkraine war in 2022. Russia is the
g2NXI RQa fFNBS&ald FSNIAEATSNI SELRNISNE F2NBY2aid 2F YA
agricultural production in Europe and Afri(Banchum 2022) a 2 N2 O O& ®la as% dhinPlyate producer
interacts greatly with the Water, Energy, and food nexus, as mining and chemical processing are water and energy
AYyGSyaArgdsS LINRPOS&daSad alyl3aAyad LIK2ALKEFGS LINRBRAzOGA2YQ
resources requires dynamic, systamented managemenfLee et al. 2020)The energy sector makes ugt3 of
a2NRO0O2Qa ¢ GEREM220BY 4 dzYLIGA2Y

One key areawherethewat§&y SNHE& Yy SEdza A& OA&aA0fS A& az2NROOG®Qa | =
Plan and forthcoming Green Generation Plan, Morocco has committed to making its agriculture sector into a
Gft SOSNEDEYy2¥002 REA@JY AR S Wibé RS . ThargridultdveSdzforcoatifiitesiabouty 0
Mp: G2 az2NROO2m DBYS mmzal 25T LAZNR 002Qa LR LMzZ | GA2Yy S
and economically significarfTaheripour et al. 202@) ! INRK Odzf (G dzZNB O2yadzySa vy 1z 27
Morocco has invested in drip irrigation, solar powered water pumping teldgy, and desalination. The national

climate plan highlights the goal of renewable enepgyvered desalination plants for agricultufSIEMDD 2009)

I adzYYINE 2F a2NRO002Qa 4l GSNIFYR SySNHe&e TSI {GddaNBa Ol

There are differences between Moccoand Jordan. Y I 22 NAG& 2F a2NRBOO2Qa 4 G SNJ
water, with only 20% coming from groundwatgrangenberg et al. 2021 his leads to different challenges than
Jordan, including water losses due to aging water storage infrasteidaigh evapotranspiration rates, and water
pollution (Langenberg et al. 2021Furthermore, similar challenges have different consequences in Morocco,
where decreasing aquifer levels leads to saline infiltrat{Baysse 2011)Morocco has some hydropowe
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
48.8%0(Langenberg et al. 202MWI12023). 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 enexgypscompared to Jordan.

Morocco shares similarities with JordaiMorocco and Jordan are both water scarce countries, though at different
scales. In 2018, Jordan had 68 ofi renewable water resources per person, compared to 8£5mMorocco
(World Bank 2018b; 2018chn addition to water scarcity, both countries face more unpredictable and uneven
water availabilitydue to climate changemaking longterm water planning more difficultDesertification is a
challenge in both countries; in Morocco, eéetfication 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 Moroag 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 courgrigporting about 90% of their energy needs
(MEMR 2020; IRENA 2022b).

Morocco and Jordan have both prioritized water for all as a humanTigity:> 2 ¥ W2 NRI y Qa LJ2 LJdz
G2 I al¥Ste YFylF3aSR g G§SNJ &2 dzND Sssaccesy tR a shieti magaged waeN2 O C
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 wat
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 engy 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 regiona

f SPStad az2NRr0O02Qa RSOSY (NIt AT Silonial detiSdwdaking stiucliey By (i 4 ¢
customs (Legrouri, Sendide, and Kalpakian 2019; Machrafi et al. 2022).

Thel1995 Water Actreated the framework for water management that Morocstill 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 twetiered system of governance; at the national level, an iménisterial commissiommanages water

30

Governance and institutional frameworks analysis and global lessons learned i Final Version

Development of Framework for the Governance of  the Water, Energy, Food and Environment (WEFE) Nexus
in Jordan



S

Nexus Regional Dialogues Programm e & Energy Efficient Water Sector

strategy, and at the hydrologic basin levssin committees manage basin water strategy and operations (Sadeq
2020).

There are many players at the national level responsible for water management. Thdreeaadvisory bodies

Thel A3K / 2dzyOAf F2NJ 2 GSNI I yR {duGlivat, ICSEGh|cSs résgogsbl8 fort  { dz
coordination and consultation, the National Council for the Environment, the General Council for Agricultural
Development, the Permanent Intéfinisterial Council for Rural Development, and the National Drought
Observatory (Legrouri, Sendide, and Kalpakian 2019)Natkienal Council for the Environme@onseil National

RS LQIYGBANRBYYSYSyYyi{i> /b90 ¢l & SaidloftAdaKSR Ay wmdppp G2
and environmental harm. In pracécthe National Council for the Environment has been responsible for preparing

an annual inventory of national environmental issues (Machrafi et al. 2022)G&heral Council for Agricultural
Development (Conseil Général du Développement AgrichkePamanent Interministerial Council for Rural
Development (Le Conseil Interministériel Permanent du Développement, Runclthe National Drought
Observatory(Observatoire National de la Sechergspeovide advice and decisianaking support for issues

relating to drought and agricultural development (lglesias, Moneo, and l-Bp@zcos 2007). In addition to these
advisory bodies, thénterY A Y A A G SNRAFE 2 FGSNJ / 2YYA&aaArzy o fisithe soRY YA & 2
coordinator body for the water seact.

wSallR2yairoAtAde F2N) a2zNRrOO2Qa 4 GSN) aSOG2NI G GKS yI
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 &nd 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 MinistnEiérgy 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 asvithistry of Equipment and Water
(Ministe'S RS f Q9 1j dzA LIS Y S if 8 repansibie $or gove@rhetepoliey 9eliting to port, water, and
meteorological infrastructure. It comprises the General Council for Equipment and \Waiesdil Général de

f Q9 1j dzA LIS Y S) dnd tReiGerRrairdctor&td ofiHydraulicS(A NS Ol A 2y DSy SNJwhich RS f
includes the Water Research and Planning Department and the Department of Hydraulic Developments (MEE
n.d.).
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Figure8. Key waterenergyinterconnections in Morocco (Source: Authors)

The Ministry of Energy Transition and Sustainable Developrtidittistere de la Transition Energétique et du
Développement Durable, MTELO®Htill involved in water governance through its Secretariat of Stat@Vater,

gKAE S (GKS aAi yWakei Biergyzafid MihingDivsiGréniibés public water companies (Machrafi et

Ff® HAHHOD® a9¢55 | faz2 22o@edbdBaeSaad eledridity HEilitya@ngahy) The Kidistrg G I
2T Ly tivadnre\Nd3tawater Directiorassists 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. AdditionallyMéanistry of Interior representative from the Directorate of

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

TheSecretariate of States in charge of the telater and River Basin Agencies (Agence de Bassins Hiyalesul
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 ithe 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 Developrtiditistére de la Transition Energétique et du
Développement Durable, MTEDIS)responsible for most energglated governance on the national level,
including electricity, renewable energies, eneedficiency, hydrocarbons, nuclear, fuels, and mining. In particular,

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