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Towards sustainable desalination in the Mediterranean

The water scarcity and desalination sector development are pressing concerns for all Me-
diterranean countries of the Barcelona Convention. This unconventional water resource,
while implemented to provide sufficient freshwater volumes to municipalities and other
economic sectors often induces socio-economic issues, unintended and unpredictable
negative impacts on the environment, exacerbating challenges that Mediterranean coun-
tries are already struggling with, such as climate change, biodiversity erosion, and re-
source depletion. This report provides an in-depth analysis and tailored recommenda-
tions adapted to the diverse contexts and legislative frameworks across the region with
regional comparisons and national focus. It is important to note that this is the fourth
report published by Plan Bleu to address the topic of desalination by encouraging acade-
mic reflection specifically for Mediterranean researchers, making it a pioneering effort to
support regional environmental policies related to this topic.

Despite the emphasis on the negative aspects of the desalination sector, we have adopted
a positive and optimistic outlook in the narrative and throughout the report. Each sec-
tion lays on a dimension associated with the desalination sector and is relevant to the
Mediterranean context including local features for southern and northern Mediterranean
shores. The articles have been realized by the authors themselves and were then refined
and compiled by Plan Bleu. They combine local experiences, rigorous skills in different
areas of expertise and academic excellence, and offer diverse perspectives for greater
sector resilience and sustainability, with the aim of providing the most appropriate sup-
port for the decision-making processes aligned with the sector. The findings bring a more
nuanced vision of the desalination sector and valorize innovative, empirical approaches
and ongoing efforts that can inspire desalination practitioners in the basin.

This report actively aligns with wider efforts at more global scales. It directly contributes
to the United Nations Sustainable Development Goals (SDGs), notably to the SDG6-“Clean
Water and Sanitation”, providing analysis of desalination’s role in ensuring water avai-
lability and sustainable water management. SDGs 12, 13 and 14 are also covered in this
report, which encourages more sustainable methods for desalinated water production
(use of sustainable energy, mitigation strategies), also highlighting the ecological impacts
associated with brine discharges and how these can be reduced. On the other hand, this
exploratory work contributes to the Mediterranean Action Plan & Barcelona Convention
as it supports regional objectives to reduce land-based sources of marine pollution, inclu-
ding those from desalination. Moreover, it answers to the objective 3- “Ensure sustainable
management of natural resources”, and Objective 4: “Address climate change as a priority
issue for the Mediterranean” of the Mediterranean Strategy for Sustainable Development
(MSSD 2016-2025). Such collaborative work aligns with the Mediterranean Commission
on Sustainable Development to bridge science, policy and practices.

It's important to bear in mind that this report is not developed in silo and is part of a
long term vision of Plan Bleu on the Mediterranean water cycle and how this one evolves,
reacts and must adapt to climate change pressures. Further activities on this topic will be
pursued in the upcoming Program Of Work (2026-2027).

We would like to extend our sincere thanks to all the authors who have contributed to this
ambitious effort. Their expertise, involvement, and collaboration have made this pionee-
ring report possible and have set a strong foundation for future work in this controversial
area. We also express our gratitude for the support received from UNEP/MAP and France,
whose financial contributions have been invaluable in enabling this comprehensive study.
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Glossary

1. Desalination sector

Unconventional water resources: Supplementary water resources that need specialized processes
to be used as water supply when the natural tanks do not provide enough water in response to the
water demand. Unlike conventional freshwater sources (rivers, lakes, groundwater], these alter-
natives require advanced treatment technologies or special collection methods to become suitable
for human use.

Desalination: The process of removing salt and other excess minerals from seawater or brackish
water to produce fresh water adapted for drinking, irrigation, or industrial uses. This is realized
through various technologies including membrane-based methods (like reverse osmosis) and
thermal processes (like distillation).

Production systems (applied to desalination): The organized industrial processes and infrastruc-
ture that convert seawater or brackish water into freshwater through coordinated and step-by-
step operations. These systems commonly integrate intake facilities, pre-treatment units, desali-
nation technology (membrane or thermal), post-treatment techniques, and distribution networks.
They are designed to optimize water production capacity, energy efficiency, and operational costs
while ensuring consistent water quality and managing brine disposal.

Membrane technologies (applied to desalination): A filtration process that uses semi-permeable
membranes to separate freshwater from salt water. In Reverse Osmosis (RO) desalination (most
commonly used), high pressure forces seawater through specialized membranes that allow water
molecules to pass through while blocking salt and other contaminants, producing clean drinking
water and concentrated brine waste. Other technologies exist such as Nanofiltration (NF), Ultrafil-
tration (UF), Microfiltration (MF) and Electrodialysis (ED).

Thermal technologies (applied to desalination): Heat-based desalination processes that produce
freshwater by evaporating and condensing seawater. The main distributed thermal processes are
multi-stage flash (MSF) distillation, multi-effect distillation (MED) and vapour compression va-
riants — thermal and mechanical (TVC, MVC).

Feeding waters: The natural water sources that enter into a desalination production system. This
includes seawater from oceans, brackish groundwater, or other saline water sources that require
processing to remove salt and produce drinkable water. The quality and salinity of feeding waters
directly affects the choice of desalination technology, energy requirements, and pre-treatment
needs.

Brine: The ending byproduct of the desalination production systems. It's concentrated saltwater
waste produced when freshwater is extracted from seawater. This byproduct contains 2-3 times
more salt than original seawater and requires careful disposal to prevent environmental harm.

Brine plumes: Dense columns (denser than the ambient seawater) of highly concentrated saltwa-
ter that sink to the seabed and spread through the ocean when brine waste from desalination
plants is discharged into marine environments. These plumes can create zones of elevated salinity
that may harm local marine life and ecosystems if not diluted properly.



2. Research concepts and means mobilized:

One Health approach: An integrated, unifying approach to balance and optimize the health of
people, animals and the environment. It promotes collaborative, multidisciplinary problem-sol-
ving to address health issues that are transversal and directly or indirectly impact humans, ani-
mals, and ecosystems.

Econometric models: Statistical models that use more or less complex mathematical equations
to analyze economic dependencies and test economic theories. These models combine economic
theory, mathematics, and statistical methods to quantify relationships between socio-economic
variables, forecast future trends, and evaluate the effects of policy changes.

Water Evaluation And Planning system (WEAP): In this report, the WEAP model is used to simulate
water demand at the regional and national levels, incorporating demographic projections, climate
change scenarios, and socio-economic dynamics. This model assesses the needs for desalination
and treated wastewater reuse, while identifying areas requiring priority of action investments.

K-means clustering method: In this report, the K-means clustering method is applied to catego-
rize regions based on their vulnerability to water shortages, integrating climate, hydrological, and
demographic data. This approach will facilitate the prioritization of actions and investments.

Social Accounting Matrix ([SAM): SAM is an economic tool that provides a comprehensive snapshot
of all transactions within an economy during a specific period, usually one year. It captures the
flow of income and expenditures among different sectors, institutions, and factors of production

Computable General Equilibrium (CGE): is an economic modeling framework used to analyze how
an economy reacts to changes, such as new policies or external shocks, at a single point in time.
It simulates the economy by capturing the interactions between producers, consumers, govern-
ment, and international trade, based on microeconomic principles and input data like a Social
Accounting Matrix (SAM).

Social Water Inclusion Index (SWII): SWII is a comprehensive tool to measure and analyze the
inclusivity of desalination benefits. The SWII evaluates key dimensions such as accessibility for
underserved populations, afford

Generalized Method of Moments (GMM): This dynamic panel model is used to analyze desali-
nation’s socioeconomic impact in the Mediterranean may address three critical challenges: Dy-
namic Relationships, by incorporating lagged dependent variables to capture the persistence of
socioeconomic outcomes like water affordability and equity over time; Endogeneity Concerns, by
using lagged instruments to mitigate biases from feedback loops and unobserved factors like go-
vernance quality; and Cross-Country analysis, by leveraging panel data to account for both diffe-
rences between countries and temporal evolution within them
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INTRODUCTION

Mediterranean basin

The Mediterranean basin constitutes a rich and com-
plex region. Indeed, the region is shaped by unique
natural landscapes both from marine and terrestrial
sides and endemic biodiversity. Surrounded by 21
countries the region also displays heterogeneous so-
cio-economic and environmental contexts.

Climate challenges

However, modern Mediterranean communities face a
common challenge, resource scarcity. It is recognized
that the basin is a climate change hotspot with more
pronounced changes in its related environmental dri-
vers. Since the pre-industrial period, the atmospheric
surface temperature has increased by an average of
+1,45 Celsius degrees. In fact, the key environmental
drivers of the Mediterranean water cycle showcase
major variations. Since the 1950s, evaporation rates
in the Mediterranean region have shown an upward
trend, driven largely by increasing temperatures and
extended periods of sunshine (with higher solar ra-
diation values and induced albedo). On the other
hand, the water stress index is expected to increase
globally at Mediterranean scale with more intense
positive variations in already vulnerable areas.

Dessalination Plant in Israel© Luciano Santandreu

Water resources inequalities

In parallel to such growing pressures, the Mediter-
ranean freshwater resources are increasingly de-
pleted, with an initial spatial imbalance. Northern
Mediterranean countries hold between two-thirds
and three-quarters (approximately 67-74%) of the to-
tal renewable water resources in the region (IEMed,
2008; Plan Bleu, 2020). Projection models foresee a
decrease in renewable water resources by 15-35%
across the Mediterranean by the end of the century,
primarily due to temperature increases of 3-5°C and
a 10-20% reduction in precipitation (Plan Bleu, 2008;
MedECC, 2020, Eekhout et al., 2025). In 2020, the re-
newable freshwater resources per capita displayed
significant national disparities in their development
trends. Slovenia, Croatia, and Albania recorded the
highest values, with Croatia reaching up to 30,700 m3/
year/capita and Albania exceeding 10,000 m3/year/ca-
pita, while Algeria, Tunisia, Libya, Egypt, Israel, and
Syria recorded the lowest values, often below 1,000
m3/year/capita, with Egypt as low as 589 m3/year/ca-
pita.
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Meanwhile, the Mediterranean population has in-
creased by approximately 44% since 1990, adding over
160 million inhabitants to the region (Eurostat, Water
statistics, 2024; Plan Bleu Observatory, 2024). Even if
the water demand is increasing, the water withdrawal
per capita records drastic decreases, highlighting the
unbalanced trade-off between water demand and
water uses. The majority of southern Mediterranean
countries present lower water withdrawals than the
third lowest water withdrawal of the northern medi-
terranean countries (France), in 2020. These dispa-
rities are further exacerbated by demographic pres-
sures and evolving consumption patterns

Therefore, rising conflicts (between municipalities,
industrial sectors, agriculture, etc.) may appear when
it comes to water resources management, notably for
areas that are exposed to drought and extreme heat
events and which display low adaptation capacities.
Actually, some mediterranean areas suffer from in-
tense water scarcities inducing severe water shor-
tages and limited access to the resource. In addition
to the quantitative impacts on the resource, the na-
tural water tanks are more and more polluted (either
by anthropogenic pollution or microbiologic contami-
nations). Both quantitative and qualitative depletions
are unequally distributed in time and are more and in-
fluenced by seasonality. Thus, municipalities may face
greater water resource pressures during summer
season than in winter season. However, this “clas-
sical” pattern shifts gradually with extended drought
periods and more consecutive dry days through the
year.

Historically, the Mediterranean has developed inge-
nious mitigation and adaptation strategies to cope
with such water stresses, but most of them are no lon-
ger effective. Since the 1960s, several mediterranean
countries progressively turned towards unconventio-
nal water resources (desalination and wastewater
reuse) to address these persistent challenges. The
desalination sector has been more adopted com-
pared to wastewater reuse, notably in southern me-
diterranean countries (Plan Bleu, 2024; Angelakis et
al, 2023). The first large-scale desalination units were
implemented in the southern and eastern parts of
the basin in Libya and Israel. From then, the techno-
logy has been gradually adopted by all the mediter-
ranean countries, prioritizing energy-intensive pro-
duction systems, thermal technologies (MSF, MED,
VC, etc.). From the 90's, membrane technologies
(Reverse-Osmosis) appeared and reduced the energy
and economic costs. However, the desalination sector
is still controversial with regards to its significant so-
cio-economic and environmental impacts. The desali-
nation sector offers many opportunities for supplying

freshwater to municipalities and other dependent
industries. Unfortunately, direct and cumulative im-
pacts may appear on the surrounding socio-economic
and environmental fabric. These impacts are nume-
rous and well described in the literature and cover
virtually the entire life cycle of the desalination plants
from its installation to its dismantling. Also, the com-
plexity of the topic induces plenty of environmen-
tal concerns, mostly for the coastal marine ecosys-
tems exposed to desalination by-products, the brine
discharges. There are many drivers that influence the
brine volumes emitted in coastal areas and the as-
sociated impacts that are site and species-specific.
Regarding the economic costs, they're massive both
for the investment costs and the operationalization
ones. Due to the complexity of production systems
and the associated high technology, which are more
or less energy-intensive, economic loads can some-
times be seen as a burden for investors and desalina-
tion operators. From a social perspective, the sector
is still highly controversial and sometimes is not even
known. Many studies point out a clear knowledge gap
in the Mediterranean. Recognizing these challenges,
Plan Bleu has positioned this work within established
regional frameworks.

Institutional framing

Plan Bleu aligns with the foundational objectives of
the Mediterranean Strategy for Sustainable Develop-
ment (MSSD), recognizing the urgency of advancing
sustainable desalination in the Mediterranean. In-
deed the water thematic being transversal, the Plan
Bleu exploration studies on desalination is totally in
adequation with the key components of the MSSD ob-
jectives (objective 2-"Promoting sustainable resource
management, food production and food security”)
which echoes the sixth SDG, with its technical gui-
delines, with two MSSD indicators (MSSD indicators
12 and 13) and with the Barcelona Convention guide-
lines. According to the article 27.1, the contracting
parties of the Convention undertake to cooperate in
exchanging information on the use of best environ-
mental practices. However, given the wide disparities
observed in the various domains of the sector, this ex-
tract is put to the test. The “LBS Protocol, 2021” (Land
Based Sources Protocol), of the Barcelona Conven-
tion doesn’t include brines in the articles only men-
tioning industrial discharges into the coastal environ-
ments. Therefore, this edited volume can be seenas a
solid foundation for a longer-term perspective, stres-
sing the need for rigorous data-driven analysis inclu-
ding more in detail the issues and stakes associated
with the desalination sector. This work can therefore
be considered as a strategic, operational and infor-
mation support tool for supporting decision-making



processes for a more sustainable desalination future.
Overall, whether a country is just beginning to explore
the issue or has already made progress, this analysis
can be avaluable resource, on the road to progressive
and intelligent mitigation of the socio-economic and
environmental impacts induced by desalination acti-
vities.

Within this framework, Plan Bleu launched a call for
papers in 2024 allowing researchers to contribute to
Plan Bleu exploratory efforts. Such academic inputs
represent concrete and robust reflections of Medi-
terranean researchers specialized on desalination
related topics. This call looked for papers that analy-
zed evidence-based contributions with tangible policy
recommendations and concrete enablers. It cente-
red on critical issues, exploring success stories and
responsible practices in the Mediterranean, in the
southern, eastern and northern sides, urging papers
to uncover desalination diverse impacts across the
region. 10 papers were selected according to their
relevance and respective added value. A total of 15
researchers (from France, Algeria, Morocco, ltaly
and Tunisia). The selected studies explore important
aspects of desalination, including economic viability,
environmental impacts mitigation, inclusive deci-
sion-making, and governance frameworks. Their in-
sights will help guide Mediterranean policymakers
and stakeholders toward resilient and sustainable
water management practices. The articles have been
compiled in five distinct sections each of them shed-
ding light on different dimensions associated with the
desalination sector.

The first section 1.Global Issues and Sustainability
of desalination sets the stage by screening the Me-
diterranean desalination sector within global sustai-
nability and climate change challenges. It details the
strategic and crucial importance of the sector in the
basin, highlighting the sector’s resilience potential, its
relationship with water scarcity and climate change,
and other region specific risks. It also addresses the
synergies with the sustainable development goals,
notably with the 6th SDG while emphasizing risk
mitigation and regional cooperation. Section Il. The
economics of desalination and sustainable develop-
ment models presents a holistic economic analysis of
desalination, offering an in-depth assessment of its
viability within sustainable development frameworks.
It explores the balance between affordability, acces-
sibility, and environmental responsibility, drawing
on economic assessments and feasibility studies,
with a particular focus on Algeria. The authors exa-
mine how desalinated water can support not only ur-
ban water supply but also agricultural development,
highlighting its potential contribution to broader so-

cio-economic and sustainability goals. Section lll. Re-
gulatory aspects and public policy related to water
management tackles the regulatory frameworks that
influence or not the desalination sustainability. This
part will assess to which extent the legal instruments
and governance measures in the Mediterranean play
in favor or against sustainable development of the
sector, with a strong focus on Algeria evolving water
policies. It advocates for transparent, adaptive, and
integrated regulatory systems that enhance efficien-
cy, accountability, and sustainability in the desalina-
tion sector. Finally, section IV. Integrated approaches
and socio-environmental stakes proposes an original
approach of social and environmental issues related
to desalination by assessing and proposing more ho-
listic approaches such as the “One Health approach
and more inclusive, standardized and replicable indi-
cator in order to reduce potential harms and optimize
benefits from desalination units.
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CHAPTER I. GLOBAL ISSUES AND
SUSTAINABILITY OF DESALINATION

Desalination plant on the Spanish coast © Wirestock

Chapter | Introduction

This chapter provides a clear understanding on the desalination sector opportunities and related
issues in the Mediterranean. It sets the frame of this controversial sector by addressing the needs
of such desalination technologies, notably in vulnerable countries. The chapter also gives insights
on the current state of the desalination framework, by examining how local desalination units need
to intersect with broader international sustainability objectives, particularly in Mediterranean
countries facing frequent water shortages, with complex socio-economic environments.

This chapter contrasts the nature of desalination development in the region. On one hand, the de-
salination contributes significantly to SDG6 by providing significant and safe access to drinkable
water for Mediterranean populations. On the other hand, it presents complex environmental and
social challenges, related to the desalination impacts (brine discharges and plumes, chemical pol-
Llution in coastal marine environments, energy consumption patterns, questions on distribution of
desalinated water, social acceptability). The proposed analysis chapter highlights how these local
challenges connect to global sustainability frameworks such as the Barcelona Convention and its
Protocols.

Finally, based on the expertise of desalination practitioners, policymakers and researchers across
different Mediterranean sub-regions, the chapter synthesizes and builds upon multiple perspec-
tives on impact assessments, mitigation priorities and technological developments. These robust
insights provide the basis for understanding how Mediterranean desalination activities can align
with global sustainability standards while addressing region-specific vulnerabilities.

This first chapter can be considered as an overview that sets the analytical framework for the sub-
sequent chapters, establishing the conceptual links between local desalination practices and glo-
bal sustainability requirements.



EXAMINING THE CONNECTIONS BETWEEN WATER
RESOURCE SCARCITY, DESALINATION AND
CLIMATE CHANGE: A STUDY SUPPORTING SDG 6
IMPLEMENTATION

AUTHORS: SALAH EDDINE SARI HASSOUN, SEYF EDDINE BENBEKHTI AND HADJER BOULILA

Abstract

Achieving Sustainable Development Goal 6 ([SDG-6) is directly impacted by two of the most pressing
issues of the twenty-first century: the scarcity of water resources and climate change. Desalina-
tion is becoming more and more recognised as a crucial adaptation strategy for the Mediterranean
(MED) region that is experiencing water resource scarcity as a result of population growth and
climate change. This adaptive solution can support natural water reservoirs since it is not directly
reliant on rainfall or climate fluctuations. This study is among the first to model multiple water-re-
lated variables for 19 MED countries during the period of 2000 to 2023. This paper investigates how
SDG-6 and its sub-objectives are affected by the key identified factors: the amount of desalinated
water produced per capita (DSL), the Falkenmark index (FLK), the amount of greenhouse gas emis-
sions per capita (GHG), the gross domestic product per capita (GDP), and the world uncertainty in-
dex (WUI). The outcomes show that DSL has a low, positive, and significant impact on SDG-6, mea-
ning that desalination represents a good adaptive solution to achieve SDG-6. However, FLK has a
negative and significant influence, confirming that the MED is one of the most water-stressed areas
in the world. GHG has also a negative and significant impact, supporting the idea that droughts,
temperature and precipitation anomalies are getting worse due to global warming. The two control
variables (GDP and WUI) both show negative effects, showing that some MED countries have high
water management expenses and many uncertainties that significantly strain their national bud-
gets and funding for water infrastructure.

Keywords: Sustainable Development Goal 6; Mediterranean region; water resource scarcity desa-
lination, climate change.
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INTRODUCTION

Researching the connections between desalination,
water resource scarcity, and SDG-6 requires an un-
derstanding of the fundamental components of water
security, stress, and scarcity. According to UN-Wa-
ter, water security is “the capacity of a population to
safeguard sustainable access to adequate quantities
of acceptable quality water for sustaining livelihoods,
human well-being, and socio-economic development,
for ensuring protection against water-borne pollution
and water-related disasters, and for preserving eco-
systems in a climate of peace and political stability”.
However, both water stress and scarcity situations
endanger water security. Water stress occurs when
there is a period of time when the demand for wa-
ter exceeds the supply. High water stress typically
indicates that a nation is consuming an unbalanced
amount of its freshwater resources, which may re-
sult in water scarcity, environmental harm, and re-
source depletion. Water scarcity is more severe than
water stress because it is characterised by a lack
of freshwater resources to meet regular water de-
mands. Moreover, the UN divides the severity of wa-
ter stress into different groups. Countries with less
than 25% have no stress, those with 25-50% are low
stress, those with 50-75% are medium stress, those
with 75-100% are high stress or water resource scar-
city, and those with more than 100% fall squarely into
the critical stress or absolute water resource scarcity.

Furthermore, SDG-6 is to «ensure availability and
sustainable management of water and sanitation for
all». According to Sachs et al. (2025), SDG-6 com-
prises eight sub-objectives and addresses a distinct
facet of resource management, sanitation, and water.
SDG.6.1 represents universal and equitable access
to safe and affordable drinking water. SDG.6.2 shows
the access to adequate and equitable sanitation and
hygiene. SDG.6.3 indicates the water quality and was-
tewater. SDG.6.4 represents water use and scarcity.
SDG.6.5 shows the water resources management.
SDG.6.6 indicates the water-related ecosystems. SDG
6.a represents the expanded water and sanitation
support to developing countries (the international
cooperation and capacity-building) and SDG é.b shows
the support for local engagement in water and sanita-
tion management (the community participation). The
SDG.6.4 and SDG.6.3 are the most closely related to
tackling water stress and developing unconventional
water resources (desalination). For the sake of envi-
ronmental sustainability, economic growth, and pu-
blic health, this SDG-6 must be met (UN World Water
Development Report, 2021). 4.2 billion people lack
proper sanitation, and 2.2 billion people still lack ac-
cess to safely managed drinking water despite inter-
national efforts (UNICEF/World Health Organisation,

2023). Sachs et al. (2025) explore the SDG-6 index
score, which is shown on a scale from zero to 100,
and it can be understood as a percentage towards
reaching the SDG-6s at their highest level. In 2024,
Andorra and Monaco had the highest SDG-6 score
in the world (100%), followed by Chile (96.76%) and
Hungary (96.61%). In the MED region, Monaco had the
highest SDG-6 (100%), followed by Greece (91.15%),
Croatia (90.73%), and France (86.54%). This indicates
that while some Northern MED countries have made
great strides towards universal and sustainable ac-
cess to clean water and sanitation, no single nation
has yet to fully realise this goal worldwide. Nonethe-
less, Algeria (59.32%), Libya (55.71%), and Syrian
Arab Republic (55.14%) have the lowest values. Addi-
tionally, we observed that SDG-6 decreased for nearly
all MED nations when compared to three to four years
ago, suggesting that water resource scarcity is star-
ting to pose a threat to them.

The MED region’s water resource scarcity is driven
by a climate that ranges from semi-arid to arid, er-
ratic seasonal variations in rainfall patterns, and
dense populations with intense water use along the
coast. Uneven distribution of water resources among
nations, historical water stress, and management
issues have triggered water resource scarcity in the
MED (Le Page et al., 2020). MED water stress is ty-
pified by startling intra-regional disparities. Nor-
thern countries, such as Italy and the Po River basin
in Spain, hold about 72% of the region’s renewable
water resources, but they usually have more resilient
infrastructure to mitigate the effects of urban wa-
ter shortages and droughts (Joint Research Centre,
2025). However, Southern and Eastern MED nations
experience acute and chronic water scarcity, frequent
severe droughts, and are unprepared to handle extra
challenges (Kibaroglu, 2017). According to the Wor-
ld Bank (2025), the level of water stress in 2021 has
reached an alarming level for severe MED countries
(especially southwest MED), with Libya (817.14%),
Egypt (141.17%) and Algeria (137.92%). Besides, the
volume of renewable water per capita per year in the
MENA region has decreased exponentially, reaching
approximately 5,850 cubic metres (m3) per capita in
2020 (Statista, 2024).

Furthermore, the effect of climate change is influen-
cing water availability through increased drought
frequency, rising temperatures, and altered precipi-
tation patterns. The MED region is becoming increa-
singly difficult due to factors like rising evaporation
rates, and extreme weather events that affect in-
frastructure, groundwater recharge, and sea level
rise endangering coastal aquifers (Intergovernmental
Panel on Climate Change, 2023). The World Meteoro-
logical Organisation (2017) establishes a baseline by



defining climate normal as 30-year averages of tem-
perature, precipitation and other variables. The two
most important factors affecting water availability
and desalination effectiveness are temperature and
precipitation. According to the Copernicus Interac-
tive Climate Atlas (2025), the MED context’s average
annual temperature varied (increased) significantly
from the average of 1970-1999 to 2023 with Bosnia
and Herzegovina (+2.305 °C), Croatia (+2.255 °C), and
Slovenia (2.22°C). Besides, the 2023 average annual
precipitation level varied (declined) relatively to the
1970-1999 average with Morocco (-138.17 mm), Spain
(-94.63 mm), and Malta (-74.86 mm).

Given that the MED region is experiencing water
stress, water scarcity, and climate change, desali-
nation may be a useful adaptation strategy to reduce
the demand on freshwater resources and ensure a
steady supply of water. In areas experiencing severe
water stress, investing in desalination may be a ne-
cessary, albeit expensive solution to prevent econo-
mic losses from water resource scarcity, despite na-
tural freshwater being more affordable. Desalination
technologies are being actively developed and de-
ployed as both a water scarcity solution and a climate
adaptation strategy. With large desalination plants
in Spain (Plan Bleu, 2024b), and other Gulf-adjacent
countries, we are witnessing a growing adoption. In
order to meet the pressing demands of industrial wa-
ter expansion and drinking water supply, as well as
to prevent actual threats to resource sustainability,
many nations rely on desalinated water for more than
50% of their domestic water use (Bleninger and Jirka,
2010). Approximately 18,426 desalination plants were
set up and running in 150 countries in 2015, supplying
over 300 million people with 86.8 million m3 of fresh
water daily (International Desalination Association,
2015). The Middle East and North Africa are hosting
more than 50 percent of the world’s desalination ca-
pacity in 2022 (Statista, 2024). Depending on capacity
variations across MED countries, it is strategically
significant for coastal urban areas. Their high opera-
ting costs, however, have an impact on accessibility,
and their energy-intensive procedures increase car-
bon emissions (Mostefaoui et al., 2024). Therefore,
rather than being viewed as a stand-alone solution,
desalination should be viewed as a complementary
measure to address the rise in water demand brought
on by population growth, rising living standards, and
climate change (Plan Bleu, 2024a). The desalination
capacity in the MED region has increased to 15.6 mil-
lion m3 daily, with Spain accounting for 35.53%, Alge-
ria for 15.2%, Israel for 14.2%, and Egypt for 13.4%,
according to Plan Bleu (2024b). There are now 2399
online desalination plants, with Spain accounting for
28.26%, Egypt for 25.51%, Greece for 15.13%, and Ita-
ly for 9.6%. According to Plan Bleu (2024b) notes, over

70% of installations in the MED are using reverse os-
mosis (RO), making it the most common desalination
technology. For large-scale seawater desalination,
this technology is the most energy-efficient choice,
because its consumption is only 3-6 kWh/m3. There
are noticeable differences between the Northern,
Southern and Eastern MED coasts in terms of desa-
lination capacity and deployment technologies. The
Northern MED region, driven by Spain, exhibits highly
developed desalination technologies, facilities and
tourism support. Followed by Greece, where its de-
salination focuses on small-scale and island-based
facilities. Italy however has a more limited infrastruc-
ture. In the Southern MED region, countries place a
high priority on desalination for municipal water se-
curity and to address extreme water stress conditions.
Egypt and Algeria are among the leading producers,
with Morocco and Tunisia following closely behind. In
order to optimize efficiency in different local condi-
tions, these nations utilize both RO and thermal de-
salination technologies in their mixed technology ap-
proaches. On the other hand, the most sophisticated
desalination integration into national water strate-
gies can be observed in the Eastern MED region,
where Israel leads the pack, followed by Turkiye and
Cyprus. Furthermore, there are several disparities
in other aspects. For instance, modern RO plants or
large-scale seawater plants are less expensive than
smaller or older models from the 1970s. From an en-
vironmental perspective, managing brine discharge
poses various obstacles in different parts of the MED
region with desalination plants, which generate 1.5 to
4 litres of brine per litre of freshwater. For instance,
Israel exhibits optimal efficiency ratios of 1.45 litres
of brine per litre of freshwater, while nations such as
Libya show ratios close to 4.1 litres of brine per litre of
freshwater. Also, Spain and other Northern countries
still mainly use conventional energy sources for their
existing facilities, but more recent projects (in Egypt
for example) focus on desalination that is powered by
renewable energy and promotes sustainability. These
regional variations imply that improved collaboration
and technology transfer may aid in the optimal imple-
mentation of desalination throughout the MED basin,
promising future and may be a useful substitute for
reducing water stress and the strain on natural re-
sources.

The objective of this paper is to investigate how DSL,
FLK, GHG, GDP, and WUI affect SDG-6 for 19 MED
countries during the period of 2000 to 2023. Despite
cross-border water management challenges, institu-
tional capacity disparities, rural versus urban access,
and technical capabilities, these MED countries must
invest in water infrastructure, given their varying le-
vels of infrastructure development progress towards
SDG-6. Therefore, the selection of these variables



Towards sustainable desalination in the Mediterranean

was obvious due to the significance of the topic and
its title. By incorporating GDP and WUI as control va-
riables, we can conduct a more holistic analysis. GDP
is chosen because water demand is correlated with
urbanisation, agriculture, and industrialisation, and
high GDP (Northern MED] is correlated with water
demand. Besides, water stress forces many high-
GDP nations (like Israel) to invest in desalination in
order to secure freshwater supplies, because they
can invest in sophisticated, and renewable-powered
desalination systems, but low-GDP nations might
not have the necessary funds for desalination, which
would exacerbate water insecurity, impede economic
expansion, and it may lead to unsustainable water
extraction (such as excessive groundwater use). The
World Uncertainty Index (WUI) introduced by Ahir et
al. (2022) however gauges global political and econo-
mic instability in a country. WUI is selected because
it can show how higher levels of uncertainty can have
a negative impact on water security and can worsen
water access by lowering infrastructure investments
and projects. Political tensions restrict technology
sharing and cooperative approaches to addressing
water scarcity, while maritime boundary disputes and
resource conflicts impact regional cooperation on
water management.

In the light of these statements, this analysis will at-
tempt to address the following hypotheses:

H1: Desalination improves the level of SDG-6

The first hypothesis investigates if desalination capa-
city directly improves water security outcomes. The
theoretical basis is based on the fact that desalination
is an unconventional source of water that can offer
dependable freshwater access, especially in the Eas-
tern and Southern MED region. Relaying to this hy-
pothesis, countries with higher desalination capacity
may also have better overall water and sanitation out-
comes (better SDG-6).

H2: Falkenmark index has a positive relationship
with SDG-6

The second hypothesis analyses whether improved
SDG-6 achievement is closely linked with increased
water availability per capita. A positive connexion
could support the concept that natural water abun-
dance facilitates the achievement of water and sa-
nitation objectives, as countries with higher water
availability are not only less limited in their capacity
to preserve water quality and deliver safely managed
water services, but maintain water-related ecosys-
tems as well.

H3: GHG emissions have a negative impact on SDG-6

The third hypothesis examines the tension that exists
between ecologically friendly water practices and
high-carbon water systems. It is based on the idea
that using a lot of energy to process, transport, and
purify water results in a significant amount of GHG.
High GHG emissions could be a sign of unsustainable
practices endangering the environment and future
water supplies. These emissions also contribute to
climate change, temperature and precipitation ano-
malies, which exacerbates water resource scarcity,
reduces the reliability of water systems, and creates a
vicious cycle that impedes the achievement of SDG-é.

METHODOLOGY

We will use Quantum Geographic Information Sys-
tem (QGIS), an open-source Geographic Information
System (GIS) programme that allows users to create,
edit, visualise, analyse, and publish geospatial data
(QGIS Development Team, 2022). In the empirical re-
sult section, we employ QGIS to analyse the statistical
aspects of a variety of variables, ranging from figure 1
to 6. Additionally, we employ GeoDa, which allows us
to analyse the bivariate local indicators of spatial as-
sociation (BLISA) and the results are in figure 7 and 8.
GeoDa provides a number of exploratory spatial data
analysis techniques, and has an easy-to-use interface
with interactive visualisation tools, particularly for
mapping, spatial regression analysis, and spatial au-
tocorrelation statistics (GeoDa, 2023). In order to in-
vestigate local spatial patterns and spatial heteroge-
neity, Anselin (1995) defined BLISA as a statistical tool
that maps spatial clustering or spatial relationships
between two distinct variables across geographic
space. It can reveal spatial interactions and non-sta-
tionarity by identifying locations where high values of
one variable are surrounded by high or low values of
another variable (Cluster Typology).

Following the spatial analysis, we examine the
cross-sectional  dependency (CSD] test with
Breusch-Pagan (1980) or BP-LM statistic, which is
appropriate when time (T) is large relative to cross
section or number of country (N}, and the test of Pe-
saran (2004) or PCD, which is generally regarded as
the best overall CSD test. The Pesaran (2007) test or
CIPS, which considers heterogeneity would be a sui-
table method to investigate the second-generation for
panel unit root after it has been established that there
is evidence of CSD. Moreover, the Jarque and Bera
(1987) test examines whether the data are following
a normal distribution or not by examining whether



the dataset skewness and kurtosis are as expected
under normal conditions. Then, both Pesaran and Ya-
magata (2008) and Blomquist and Westerlund (2013)
tests are conducted after estimation to examine the
slope homogeneity (SH). SH test shows whether the
relationship between exogenous and the endogenous
variable is consistent across various units in a panel
dataset or not.

According to Baltagi and Pesaran (2007), one of the
most delicate notions in panel data analysis is the he-
terogeneity issue. In this case, using the same mo-
del for multiple individuals or countries may result in
biased outcomes. Methods like dynamic ordinary least
squares (DOLS]), fully modified ordinary least squares
(FMOLS]), and pooled mean group auto-regressive
distributed lags (PMG-ARDL), among others, do not
consider the heterogeneity issue. In order to deal with

the heterogeneity issue, Koenker and Basset (1978])
introduced quantile regression (QR) in panel data to
provide estimations within the distribution’s condi-
tional quantiles, but this method was unable to han-
dle other anomalies (linearity or fixed effect in panel
data). Therefore, Machado and Silva (2019) suggest
the method of moments-quantile regression (MMQR),
which works well for handling unobserved heteroge-
neous effects across (N] or MED countries, permits
examining effects at various quantiles, and is appro-
priate for policy impact analysis. This method is sui-
table for panel data models with individual effects and
endogenous explanatory variables or dealing with
non-normal distribution of the data. This approach
has several advantages (applicability to non-linear
models, computational simplicity, and models with
multiple endogenous variables...etc).
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DATA AND MODEL

Data

This study uses annual data over the period of 2000
to 2023 for 19 MED countries, including Croatia,
France, Greece, Italy, Egypt, Lebanon, Syria, Albania,
Slovenia, Bosnia and Herzegovina, Spain, Algeria, Cy-
prus, Tiurkiye, Malta, Libya, Morocco, Tunisia and Is-
rael. Accordingly, the time period was selected due to
the availability of data, especially SDG-6, which is only
accessible from 2000. This paper employs the SDG-6
as the endogenous variable and only four of SDG-6's
sub-objectives, because several data from the SDG-6
website are unavailable. The 1st sub-objective SDG.6.1
has two indicators “sdg_water”, which relate to the
rate of the population using at least a basic drinking
water service and “sdg_safewat”, which shows the
rate of the population using safely managed water
services. The 2nd sub-objective SDG.6.2 has also two
indicators “sdg_sanita”, which represents the rate of
the population using at least a basic sanitation service
and “sdg_safesan”, which indicates the rate of the po-
pulation using safely managed sanitation services.
The 3rd sub-objective SDG.6.4 or “sdg_freshwat”
shows the rate of available freshwater resources
(freshwater withdrawal) or the level of water stress.
The 4th sub-objective SDG.6.5 or “sdg_scarcew” in-
dicates the scarce water consumption embodied in
imports (m3 H,0eq/capita). SDG-6 and sub-objectives
indexes are on a scale from 0 to 100, except ("SDG-
66_freshwat” and “SDG-66_scarcew”), but we use an
index scale with values ranging from 0 to 1.

The first exogenous variable is the amount of desa-
linated water produced per capita (DSL), which re-
presents a process of creation of fresh, and drinkable
water by filtering out salt and other contaminants
from diverse natural water reservoirs (aquiferous
and brackish waters or sea). The unit is m3 per ca-
pita in a year and the related data were provided by
Plan Bleu Observatory based on Global Water Intelli-
gence Group and its DesalData database. The second
exogenous variable is the Falkenmark index (FLK],
which represents the country’s internal renewable
resources, such as groundwater from rainfall and in-
ternal river flows, which are referred to as renewable
internal freshwater resources flows. Population esti-

mates from the World Bank are used to calculate the
amount of renewable internal freshwater resources
per capita. The measure is m3 per capita in a year
and the data are from World Development Indicators.
The water resource stress and scarcity are estimated
through FLK. The third variable is the annual green-
house gas emissions (GHG] including land use and
land-use changes over a 100-year timescale. GHG is
a key component in understanding and managing hu-
man impact on climate change. It considers both car-
bon sinks and emission sources in terrestrial ecosys-
tems. In addition to potentially removing CO, through
forest growth and soil carbon storage, land use acti-
vities may also contribute significantly to emissions
(such as deforestation). GHG emissions are calcu-
lated by multiplying activity data by emission factors,
such as carbon dioxide (CO,), methane (CH,), nitrous
oxide [N,0), and fluorinated gases, using global war-
ming potentials to convert emissions to CO, equiva-
lent, and adding up all the gases and sources to get
the total emissions. It is calculated by dividing GHG
(tonnes of carbon dioxide equivalents) by the popula-
tion. The unit is tonnes per capita in a year and the
data are from Our World in Data. The fourth exoge-
nous variable is the gross domestic product per capita
(GDPJ, which is expressed as annually rate at market
prices using constant local currency. The aggregates
are expressed in US dollars and are based on constant
USD prices from 2015. GDP is the total of the gross
value added by all producers who are residents of the
country, plus any product taxes and minus any subsi-
dies that are not factored into the product value. The
measure constant 2015 US$ and the data are from
World Development Indicators. The fifth exogenous
variable is the world uncertainty index (WUI), which
represents the economic policy uncertainty (EPU].
This variable can allow us to understand investment
decisions in water projects, the pace of sustainability
transitions impacts cross-border spillovers private
and public investment decisions. The index is com-
puted by counting the frequency of world uncertainty
(or its variant] in the Economist Intelligence Unit (EIU)
country reports. The index is normalised by the total
number of words and recalculated by multiplying by
1,000. A higher number means higher uncertainty and
vice versa. The data are from the World Uncertainty
Index. The following table 1 provides an overview of
the data details:



£

Sustainable Development Goal 6

Scale of 0 to 1

https://dashboards.SDG-6index.org/

(SDG-6) explorer
SDG.6.1 related to water service https://dashboards.SDG-6index.org/
Scale of 0 to 1
(SDGW) explorer
SDG.6.2 related to sanitation service https://dashboards.SDG-6index.org/
Scale of 0 to 1
(SDGS) explorer
SDG.6.4 related to freshwater (SDG- . https://dashboards.SDG-éindex.org/
% of available freshwater resources
FR) explorer
SDG.6.5 related to water scarcity m?3 H,0eq /capita https://dashboards.SDG-6index.org/
(SDGSC) 20€q/cap explorer
Ul EXEs O el TR LR m3/capita https://www.globalwaterintel.com/

produced per capita (DSL)

The Falkenmark index (FLK) m3/capita

The amount of greenhouse gas emis-
sions per capita (GHG)

Gross domestic product per capita
(GDP)

World Uncertainty Index (WUI) Index

Data details

Models

The Eq. (1) shows the subsequent model, which as-
sesses the influence of DSL, FLK, GHG, GDP, and WUI
on SDG-6 or SDG variable:

SDG=f (DSL, FLK, GHG, GDP, WUI) (1)

To minimise certain econometric issues, we transfor-
med the data into natural logarithm. This linearized
the non-linear relationships, stabilised variance, de-
creased heteroscedasticity, and made the coefficients
interpretable as elasticity. Therefore, all variables
were log-transformed for the econometrics analysis
and the basic model is displayed in Eq. (2):

LnSDG,, = ¢, + B,(LnDSL,) + B,(LnFLK,) + B,(LnCARBON ) + B,(LnGDP ) + B,(LnWUI )+ ¢,

(2)

Where LnSDGit represents the natural logarithm
of the SDG-6 in the country (i) at the time (t) and it
can be substituted by its sub-objectives (LnSDGW,
LnSDGS, LnSDGFR, or LnSDGSC). i is the intercept or
the constant term and it can indicate the fixed effects
produced by “i". 1 to 5 represent the elasticities of the
exogenous variables. it is the error of specification
and is used to describe all variables that are not in-
cluded in this study in the “i" at "t".

constant 2015 US$/capita

https://databank.worldbank.org/
source/world-development-indicators

Tonnes CO, equivalent /capita https://ourworldindata.org/

https://databank.worldbank.org/
source/world-development-indicators

https://worlduncertaintyindex.com/
data/

The equation of the MMQR is described in Eq. (3)

Qr(LnSD(;“) =¢_+ B, LnDesal +B, LnFalk + B, LnGHG +B, LnGDP + B, WUI +e, _

(3)

Where Q represents the quantile effect or the th quan-
tile of LnSDG.

EMPIRICAL RESULTS

Spatial analysis

Figure 1 describes the spatial distribution of SDG-6 in
2023. It is clear that Northern MED countries have a
better level of SDG-6 than Eastern and Southern MED
countries. The primary explanation for this observa-
tion is that there is a disparity in economic growth,
which means higher GDP/capita translates into more
investment in SDG-6. Additionally, SDG-6 is strained
by high levels of water stress and vice versa. Northern
MED countries have more desalination plants and re-
cycling facilities, and are associated with better water
policies.
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Figure.1 The index of Sustainable Development Goal é (SDG-6] and its sub-objec-

tives in 2023

Figures 1.a and 1.b show that the majority of MED
nations have accomplished SDG.6.1 and SDG.6.2.
Figures 1.c and 1.d, however, illustrate the reasons
for the differences between the MED countries in the
North, South, and East. The majority of Southern and
Eastern MED countries experience high water stress,
as shown in Figure 1.c, with the exception of Moroc-
co and Lebanon, which experience moderate water

stress. While Tirkiye and Cyprus experience low wa-
ter stress. Figure 1.d illustrates that except Israel and
Lebanon, the majority of the Southern and Eastern
MED countries, as well as Croatia, Bosnia and Herze-
govina, and Albania, experience moderate water re-
source scarcity.
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Figure.1.a SDG.6.1 related to water service (SDGW]
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The index of Sustainable Development sub-objective 6.4 (SDGFR) in 2023
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Figure.1.c SDG.6.1 related to water service [SDGW)

Figure 2 shows that the amount of desalinated wa-
ter produced per capita in 15 countries ranges from
0 to 30 m3 per capita, whereas Spain has 31 m3 per
capita, Israel and Cyprus form the third group with
60-90 m3 per capita, and Malta has 104 m3 per ca-

The index of Sustainable Development sub-objective 6.5 (SDGSC) in 2023
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Figure.1.d SDG.64.5 related to water scarcity (SDGSC)

pita. The above data demonstrate that the high costs
of desalination, which necessitate large capital (plant
construction) and operating (energy) expenditures,
continue to plague many nations.
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Figure.2 The amount of desalinated water produced per capita (DSL] in 2023

The Falkenmark index (FLK) in 2023 supports the
SDG-6 findings as displayed in figure 3. All Northern
MED countries as well as Turkiye, with the exception
of Malta that have more than 1700 m3 per capita. Wa-
ter scarcity is a major problem in the other MED coun-

tries, with the exception of Morocco, Lebanon, and
Cyprus. These results demonstrate the drought and
desertification that the Southern and Eastern MED
countries experience, as well as the rising tempera-
tures and droughts brought on by climate change.
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The Falkenmark index (FLK) in 2023
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Figure.3 The Falkenmark index (FLK] in 2023

In contrast to water stress or desalination capacity,
which exhibit pronounced north-south disparities, fi-
gure 4 displays the amount of greenhouse gas emis-
sions per capita (GHG), which is fairly evenly distri-
buted across MED countries because they continue

to rely on fossil fuels. North-South disparities and
policy priorities are being balanced by industrialisa-
tion trends. As they are trying to convert energy and
desalination systems to renewable sources in order
to meet SDG 13 (Climate) and SDG-6.

The amount of greenhouse gas emissions per capita (GHG) in 2023
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Figure.4 The amount of greenhouse gas emissions per capita (GHG) in 2023




Figure 5 illustrates the disparity in GDP between MED
countries. Northern MED nations have substantially
higher GDP per capita than Southern/Eastern MED
nations. Compared to the Southern and Eastern MED,
the Northern MED is wealthier due to technology, tou-
rism, manufacturing, luxury goods, agriculture, and
renewable energy. The GDP of the Southern and Eas-
tern MED is lower because of their reliance on uns-

table industries like agriculture and oil except Israel
(high-tech economy) and Libya (oil wealth but political
instability]. Consequently, unequal access to water
solutions (desalination, recycling) is fueled by GDP
disparities, while low-GDP MED countries are caught
in a vicious cycle whereby a lack of water results in
lower agricultural and industrial output, which in turn
leads to slower GDP growth.
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Figure.5 Gross domestic product per capita (GDP] in 2023

Figure 6 indicates that the MED region has a low level
of uncertainty, showing that it may have seen a re-
duction in geopolitical tensions as a result of impro-
ved trade relations, the normalisation of Israel-Arab
relations, and the ceasefire in Libya. This might lead
to more investment in desalination if geopolitical ten-
sions in the MED region are indeed reduced.
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World Uncertainty Index (WUI) in 2023
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Figure.é World Uncertainty Index (WUI] in 2023

The bivariate local indicators of spatial
association

The following figures indicate BLISA at SL of 10%. The
figure 7 shows that SDG-6-WFLK is insignificant for
9 countries, but Slovenia, Croatia, Bosnia and Herze-
govina and Greece are among the High-High cluster,
confirming that these countries have reached a strong
performance of SDG-6 and have rich freshwater re-
sources compared to their population, which lowers
the risk of water scarcity. However, Algeria, Tunisia,
Libya, Egypt, Israel and Lebanon are among the Low-
Low clusters, indicating that these countries are fa-
cing severe water stress and scarcity. For instance,
Algeria, Tunisia and Libya experience desertification
and are dependent on non-renewable fossil ground-
water. Egypt has demographic pressure, upstream
conflicts with Ethiopia, and a heavy reliance on the
Nile River for 95% of its water needs. While Israel and
Lebanon are naturally desert countries.
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Figure.8 BLISA between SDG-6 and WDSL in 2023

The figure 8 indicates that SDG-6-WDSL is insigni-
ficant for 16 countries, but it confirms that Slovenia,
Croatia, and Bosnia and Herzegovina are classified as
spatial outliers since they are not dependent on desa-
lination and are attaining high levels of SDG-6.

The estimation outcomes

Several results (from table 4 to 7 in appendix section)
support the existence of multiple problems in the
data (non-stationarity, CSD, and slope heterogeneity],
which calls for the application of Machado and Silva’s
(2019) MMQR procedure, which is better suited in this
situation. After completing all the pre-tests required
for this study (see appendix section]), we use the
MMQR procedure to perform the long-run estimation
analysis, as shown in table 3.
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LnDSL

LnFLK

LnGHG

LnGDP

LnWUI

Intercept

LnDSL

LnFLK

LnGHG

LnGDP

LnWUI

LnSDG LnSDGW LnSDGS LnSDGFR LnSDGSC

0.012%** 0.018*** 0.013%** -0.024*** -0.040***
(0) (0) (0) (0) (0)
-0.173*** -0.238*** -0.152*** -0.862*** 0.938***
(0) (0) (0) (0) (0)
-0.042** 0.066*** 0.092** 0.199%** 0.517***

(0.015 (0.005) (0.01) (0) (0)
-0.112*** -0.109*** 0.092%** -0.099** 0.785%**
(0.002) (0.002) (0) (0.019) (0)
-0.0003 -0.0013 0.0033** 0.0077** -0.0084
(0.837) (0.518) (0.023) (0.023) (0.159)
1.933%** 2.26*** -0.136 10.11*** -7.047***
(0) (0) (0.673) (0) (0)
Quantiles 25th
0.013*** 0.017*** 0.013*** -0.014** -0.044***
(0) (0) (0) (0.026) (0)
-0.199*** -0.245*** -0.177*** -0.968*** 1.194%**
(0) (0) (0) (0) (0)
-0.045* 0.070%** 0.060%** 0.219%** 0.389%**
(0.055) (0.003) (0.004) (0) (0)
-0.112*** -0.092** 0.091%** -0.147*** 0.936%**
(0.002) (0.01) (0) (0.001) (0)
-0.0006 -0.0018 0.0033* 0.0057 -0.0145**
(0.767) (0.388) (0.053) (0.129) (0.023)
2.092%** 2.113%%* -0.116 11.163*** -10.154%**
(0) (0) (0.975) (0) (0)

Intercept

Quantiles 75th

LnDSL

LnFLK

LnGHG

LnGDP

LnWUI

Intercept

0.0171%** 0.0185***
(0) (0)
-0.15%** -0.231***
(0) (0
-0.040** 0.062**
(0.013) (0.041)
-0.0112*** -0.127***
(0) (0.006)
-0.00004 -0.0009
(0.975) (0.746)
1.788*** 2.413%**
(0) (0.002)

MMQR estimation

0.0126*** -0.034*** -0.037***
(0) (0) (0.001)
-0.137*** -0.755%** 0.690%**
(0) (0) (0.001)
0.034* 0.180%*** 0.6471***
(0.092) (0) (0)
0.094*** -0.050 0.639***
(0) (0.301) (0)
0.0033** 0.01** -0.0026
(0.043) (0.013) (0.702)
-0.241 9.046%** -4.05%*
(0.507) (0) (0.048)

Note: “***” “**' “*" refer to the significance level at 1, 5 and 10%. [.] refers to probabilities.

The findings show that DSL has a positive and signifi-
cant coefficient at the SL of 1%; a 100% increase will
rise SDG or SDG-6, SDGW, and SDGS by 1.2%, 1.8%,
and 1.3%, respectively. In the first quantile (quantiles
25th), we find that both SDG-6 and SDGS effects are
0.013 and the SDGW effect is 0.017. In the second
quantile (quantiles 75th), SDG-6 and SDGS effects
drop to 0.011 and 0.0126, respectively, but SDGW ef-
fects rose by 0.0185. However, DSL has a negative and
significant impact on SDGFR and SDGSC at the SL of
1%.

FLK has a negative and significant sign at the SL of
1%; a 100% increase will decrease SDG-6, SDGW,
SDGS, and SDGFR by 17.3%, 23.8%, 15.2%, and 86.2%,
respectively. We find that in the 1st quantile effects,

SDG-6, SDGW, SDGS and SDGFR have -0.199, -0.245,
-0.177 and -0.968, respectively. In the 2nd quantile,
their effects decrease to -0.15, -0.231, -0.131 and
-0.755, respectively. However, FLK significantly and
positively affects SDGSC, and its quantile effect de-
clined from 1.194 to 0.690.

GHG has a negative and significant coefficient at the
SL of 5%; a 100% increase will result in a 4.2% de-
crease in SDG-6 and no change in the quantile effect.
However, GHG has an incredibly positive and signifi-
cant impact on the rest of endogenous variables at
the SL of 1%.

GDP has a negative and significant sign at the SL of
5%; a 100% increase will reduce SDG-6, SDGW and
SDGFR by 11.2%, 10.9%, and 9.9%, respectively. While



SDG-6's quantile effect remains constant, SDGW's
quantile effect increases from -0.092 to -0.127, while
SDGFR’s quantile effect decreases from -0.147 to
-0.05. However, GDP has a positive and significant im-
pact on SDGS and SDGSC at SL of 5%. While SDGSC's
quantile effect declines from 0.936 to 0.639, SDGS'’s
quantile effect stays nearly constant.

WUI has conflicting results, showing a significant and
positive impact on SDGS and SDGFR at the SL of 5%,
but a negative and insignificant impact on SDG-6,
SDGW, and SDGSC.

DISCUSSION

This study adds to the body of literature by calculating
the effects of DSL, FLK, GHG, GDP and WUl on SDG-6
in the selected MED nations. This paper is one of the
first to analyse the relationship between SDG-6, DSL,
FLK, GHG, GDP, and WUI using a panel econometric
framework. Beyond conventional metrics, the paper
offers a more comprehensive understanding of wa-
ter sustainability by utilising SDG-6 and its sub-ob-
jectives. Second, few studies include desalination or
WUl in SDG-6 models, and the majority only examine
climate or economics as single determinants in a
cross-section. Third, a more thorough examination of
the combined effects of the variables on sustainability
is made possible by the paper’s integration of several
variables into a single panel econometric framework.
Prior research has frequently looked at these factors
separately or without taking their interactions into
account. The paper offers a more nuanced unders-
tanding of how these variables interact to influence
sustainability by analysing them collectively in a panel
context.

The positive impact of desalination shows that in
areas with limited water resources, desalination can
boost supply, lessen reliance on overfished ground-
water or transboundary rivers, and improve water
quality in comparison to risky alternatives. This out-
come is corroborated by the results of Boyé (2008),
and Plan bleu (2024a, 2024b). However, the low DSL
value suggests that some countries, like Bosnia and
Herzegovina, Croatia, and Slovenia, do not prioritise
desalination because they do not require it (high FLK
level). Others (France and ltaly) are adopting large-
scale desalination slowly or cautiously due to its high
cost. Others (Cyprus, Algeria, Spain and Malta) are
exploring brine treatment technologies to mitigate
harm from its expanding seawater desalination sec-
tor. Other reasons for this disparity include the fact
that some nations prioritise less expensive options
(such as surface or groundwater) until a shortage be-
comes urgent, and that projects may be hampered by
poor water governance, a lack of long-term planning,
or corruption (Boyé, 2008; Quteishat, 2018).

Integration of renewable energy is essential for a
net-positive connexion, and nations must establi-
sh policies that promote and subsidise the negative
side of desalination (brine] in order to manage it and
optimise its benefits. Moreover, it is evident from
the quantile effect gap that MED countries have he-
terogeneous aspects. The impact of desalination is
significantly greater in countries (Southern and Eas-
tern MED) with lower SDG-6 and SDGW indexes, as
indicated by a decreased value from the first quantile
to the second quantile. This shows that targeted in-
vestments in desalination projects have a significant
impact. However, nations with high SDG-6 and SDGW
indexes already benefit less from more desalination
due to the fact that they have more diverse water
sources or better infrastructure.

The negative effect of FLK indicates that more than
half of the MED countries of this study are part of the
chronic water stress or scarcity cluster (confirmed
in the figure 3). This negative sign is due to regional
and national differences, uneven distribution, and a
lack of infrastructure in remote places. This outco-
me is consistent with those of Fader et al. (2020] and
the European Commission Joint Research Centre
(2025). Moreover, we can attest that the water stress
index used here has a number of drawbacks because
it ignores infrastructure (such as dams and desa-
lination), seasonal fluctuations, and water quality
(Damkjaer and Taylor, 2017). Israel, for example, has
a significant level of water stress, but a high level of
SDG-6. This paradox results from the nation’s need to
develop innovative solutions and implement desalina-
tion to lessen water scarcity; with the necessary fun-
ding and good management, SDG-6 may be accom-
plished (Ghernaout and Elboughdiri, 2020). However,
some others, like Egypt, have limited water resources
and fail to meet SDG-6 because they lack resilience
and equity. Thus, the detrimental effects of FLK de-
monstrate that, if institutions are strong, scarcity can
encourage innovation, but if nations lack the skills to
manage their water resources, abundance does not
provide access. Even in situations of physical water
stress or scarcity, effective infrastructure and gover-
nance can preserve water security by implementing
strategies like demand management, desalination,
and water recycling (Budds, 2025). Furthermore, a
decline in value from the first quantile to the second
quantile suggests that FLK has a significant impact
on nations with low SDG-6, SDGW, SDGS, and SDGS
values. In a country with FLK less than 1,000 m? per
capita and moderate sustainability indicators, this
implies that the sensitivity and response to changes
in water availability are higher.

The negative impact of GHG demonstrates that the
climate change variable does not support the SDG-6
achievement, because GHG causes global warming,
which modifies precipitation patterns and exacer-
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bates droughts, both of which lower the amount of
freshwater available. This outcome is consistent
with the findings of the Intergovernmental Panel on
Climate Change (2023), Claro et al. (2024) and Plan
Bleu. (2024b). We are aware that the MED is warming
20% more quickly than the rest of the world, which
is leading to protracted droughts. River flows, which
are essential for agriculture and drinking water, are
impacted by the Alps, decreasing snowfall and glacier
retreat. By worsening water scarcity, contaminating
ecosystems, and forcing nations to rely on fossil fuels
for water solutions, GHG and carbon emissions jeo-
pardise SDG-6. Policies that link clean energy (SDG7),
water sustainability (SDG-6), and climate action (SDG
13) are needed to address this. Prioritising trans-
boundary water agreements and renewable-powered
desalination could change the game for MED coun-
tries.

The negative influence of GDP indicates that the eco-
nomic growth factor does not support the SDG-6 ac-
complishment. This result is consistent with earlier
investigation of Dilekli and Cazcarro (2019). Although
wealthier nations often have stronger water in-
frastructure, there are a number of reasons that can,
in some situations, result in a negative GDP-SDG-6
link. Rapid GDP expansion that prioritises water-in-
tensive industries like industrialisation and agricul-
ture can deplete groundwater and increase pollu-
tion from untreated industrial discharge (Frone and
Frone, 2014). Also, there are disparities in the alloca-
tion of water between rural and coastal populations,
while putting urbanisation ahead of wastewater and
sewage systems and reducing access to sanitation
can be another reason behind the negative effect of
GDP on SDG-6. Therefore, unsustainable practices
that result in inequality, unsustainable growth, and
weak institutions may be the cause of such results.
Besides, the quantile result shows that countries with
higher GDP levels have a significant impact on SDGW,
while those with lower GDP levels have a minor im-
pact. This demonstrates that the negative effect is
more pronounced in those with higher GDPs, proving
that economic growth does not ensure better water
outcomes and may even worsen water stress in si-
tuations where water resource management is inade-
quate or polluting industries. However, while nations
with lower GDP levels have a major impact on SDGFR,
those with higher GDP levels have little effect. Since
these lower or middle-income nations frequently
have less diversified economies and a greater re-
liance on basic industries like agriculture, even minor
gains or losses in GDP can have a significant impact
on SDGFR.

The small, negative, and insignificant effect of WUI
shows that some governments and investors postpo-
ne or abandon water and sanitation projects because
of risk, political unrest, and war (Syria, Lebanon, Egypt
and Israel). Lebanon for instance experienced sewage
system failure following its economic collapse in 2020,
and transboundary water cooperation declined during
the pandemic (Nile Dam disputes). Climate uncer-
tainty increases water stress, which frequently peaks
during droughts, floods, or food crises, while curren-
cy devaluations raise the cost of imported pipes and
water treatment chemicals. To ensure long-term sta-
bility, nations should take advantage of stable periods
to generate money for water projects and encourage
cross-border water agreements.

The study has a number of limitations, including
missing data for the early years in some countries,
which could have skewed the trend. Future studies
can include climate events, drought, precipitation,
and temperature fluctuations for their analysis. For a
more comprehensive perspective and more detailed
results, future research should concentrate on com-
parative analysis between Northern, Southern, and
Eastern MED. There are also limitations of the applied
technique, including the absence of deep analysis,
spatial regression, and causality vs. correlation.

CONCLUSION

This paper investigates the contribution of DSL, FLK,
GHG, GDP and WUI on SDG-6 for 19 MED countries
during the period of 2000 to 2023. The outcomes show
that DSL has a low, positive, and significant impact
on SDG-6, and its two sub-objectives, meaning that
desalination represents a good alternative to achieve
universal and equitable access to safe and affordable
drinking water (SDG-6. 6.1) and the access to ade-
quate and equitable sanitation and hygiene (SDG-
6. 6.2). However, DSL has a negative and significant
impact on water use and scarcity (SDG-6. 6.4) and
the water resources management (SDG-6. 6.5). The
second exogenous variable (FLK) has a negative and
significant influence on SDG-6, SDG-6W, SDG-6S
and SDG-6FR showing that most countries are expe-
riencing a cluster of chronic water stress or scarcity,
particularly during periods of significant variation in
average annual temperature and precipitation le-
vel. WUI, GDP, and GHG all negatively impact SDG-é.
Thus, we can validate the first and third hypotheses,
which claim that desalination has a positive impact
on SDG-6 and that greenhouse gas emissions have a
negative one. The second hypothesis, however, can-
not be accepted.



The results indicate that although DSL has a positive
impact on SDG-6, its contribution is still modest, in-
dicating that increasing the use of renewable ener-
gy sources, such as solar and wind, is essential to
preventing GHG and carbon emissions from rising.
Additionally, FLK undercuts the progress made on
SDG-6, indicating that the countries of the Southern
and Eastern MED are especially vulnerable and need
unconventional water management methods (e.g.,
desalination and wastewater reuse). Increased GHG
emissions strain energy-water nexuses (such as fos-
sil fuel-powered desalination) and deteriorate water
quality (SDG.6.3). The negative impact of GDP indi-
cates that equitable investment and improved gover-
nance are required to ensure water sustainability. The
detrimental and insignificant effect of WUI suggests
that economic and political instability impede the ad-
vancement of SDG-6 by upsetting water infrastruc-
ture projects.
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SUSTAINABILITY IN DESALINATION:
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STRATEGIES ACROSS THE MEDITER-
RANEAN REGION
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Abstract

Desalination has become an increasingly vital solution for addressing water scarcity in the Me-
diterranean region, yet it brings with it a range of environmental and social challenges. This
study evaluates expert perceptions of desalination impacts and mitigation priorities across six
Mediterranean countries: Spain, Greece, Israel, Libya, Algeria, and Tunisia. Using an integrated
approach that combines Failure Mode and Effect Analysis (FMEA) with the Analytical Hierarchy
Process (AHP), the study offers a structured and comparative assessment of six impact catego-
ries, spanning environmental, health, and socio-economic dimensions, and six corresponding
mitigation strategies. Results reveal that energy and climate risks, social risks, and marine eco-
system damage are the most significant concerns, though their prioritisation differs significantly
between countries depending on factors such as governance capacity, public awareness, coastal
vulnerability, and energy reliance. Energy use mitigation, site selection, and social mitigation
strategies are consistently ranked as the most effective responses. The findings highlight the
need for tailored, country-specific approaches that address both environmental and socio-po-
litical dimensions of desalination, while calling for stronger regional collaboration to support
sustainable water solutions across the Mediterranean basin.



INTRODUCTION

Water shortage is one of the most significant challen-
ges facing countries in the Mediterranean basin. Al-
though large quantities of water are available in seas
and oceans, they are not suitable for drinking or hu-
man use due to their high salinity. The Earth’s total
freshwater resource consists of surface freshwater
which represents less than 1% of the available water
according to Mishra, (2023). In addition to insufficient
water resources, these resources are increasingly
threatened by depletion due to climate change and
human activities such as industrial and economic de-
velopment, population growth, and over-exploitation
(Darre and Toor, 2018; Teow and Mohammad, 2019).
The classification of water resources splits between
natural (conventional] and non-conventional sources.
Conventional water resources divide into freshwa-
ter and saline water based on their salt concentra-
tions. The freshwater supply exists above ground in
rivers and lakes and underground where salinity le-
vels remain low and natural water cycles maintain its
constant renewal. In between freshwater and seawa-
ter, brackish waters, found in estuaries, deltas, and
coastal aquifers, represent transitional water sources
with highly variable salinity levels influenced by both
marine and freshwater inputs. Surface water from
freshwater lakes and rivers contains minimal salt
content which enables easy suitability for drinking
purposes. Underground water reservoirs store fresh
groundwater that maintains slightly elevated salinity
levels than surface freshwater according to Mickley
(2006). According to Gleick (2006) this groundwater
represents 0.76% of global water while being res-
ponsible for 30% of existing freshwater resources.
Earth’s freshwater reserve consists predominantly of
inaccessible glacier and permanent snowfield water
that amounts to 69% of the total freshwater on the
planet. Saline water represents the largest portion of
Earth’s water supply since it includes oceans, seas
and saltwater lakes amounting to 97.5% according to
Gleick (2006). In comparison, the Mediterranean ba-
sin’s total renewable freshwater resources amount
to approximately 550 km? per year, representing just
about 1.2% of the world’s renewable water resources.
These resources are unevenly distributed across the
region: around 50% are concentrated in lItaly and
Greece, about 25% in catchments located in France
and Turkey, while catchments on the southern and
eastern rims of the basin provide only 4% and 2%,
respectively (FAQ, 2010).

Desalination stands as an increasingly popular so-
lution to convert saline water into freshwater since
freshwater remains scarce and difficult to access.
Desalination is the process of producing fresh water
from salty water sources such as seawater or bracki-

sh water. Since its development in the 1950s, desa-
lination has become an increasingly reliable method
of water supply, benefiting from advances in techno-
logy and improved cost-effectiveness. Globally, the
capacity for desalination has significantly expanded.
In 2005, global capacity was roughly 35 million cu-
bic meters per day (MCM/day) (Gleick, 2006), but this
number had risen to approximately 110 MCM/day
by 2023. Of this total, about 62.25% was utilized for
municipal water supplies, and approximately 30.2%
served industrial uses (Jones et al., 2019). In the
Mediterranean region, desalinated water production
has experienced significant growth, with capacity in-
creasing by approximately 446.8%, from 940,842 m3/
day to 5,144,441 m3/day, over the last decade. This
represents nearly 4.7% of global desalination capa-
city as of 2023 (Plan Bleu, 2024). Similar to global
trends, the majority of desalinated water in the Me-
diterranean is supplied to municipalities, particularly
in water-scarce countries such as Israel, Spain, and
Algeria, where municipal supply dominates demand.
Various elements are pushing the worldwide expan-
sion of desalination facilities. The rapid expansion
of population combined with changed precipitation
patterns from climate total freshwater resource
available change and improved technology for ener-
gy usage reduction has led numerous countries with
scarce water supply to use desalination as a supple-
mental water source. The Mediterranean region, par-
ticularly the southern Mediterranean, is among the
areas most vulnerable to water scarcity and low per
capita water availability (Mastrocicco and Colombani,
2021). Several countries in this region fall well below
the threshold of 1,000 m3 of renewable freshwater
resources per capita per year with nations such as
Libya, Algeria, and Malta reporting levels under 500
m3/year (Blinda and Thivet 2009). These challenges
have made the search for alternative water sources
essential. Consequently, desalination has emerged
as one of the most viable processes, providing a re-
liable and effective solution to meet the water needs
of both human and industrial uses (Mavukkandy et al.,
2019; Panagopoulos et al., 2019). According to the In-
ternational Desalination Association (IDA), there are
approximately 20,000 desalination plants worldwide.
Around 7.3% of these plants are located in the Medi-
terranean region, with a combined daily desalination
capacity of about 15.6 million cubic meters. Projec-
tions suggest that by 2030, the desalination capacity
in the Mediterranean could increase to approximately
30-40 million cubic meters per day (International De-
salination Association, 2019).

In fact, desalination presents a number of benefits
and risks. The primary benefit is a sustainable supply
of drinking water. However, there are potential envi-
ronmental, socio-economic, and health impacts that
must be addressed (Areigat and Mohamed, 2005; Mil-
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ler et al., 2015; Roberts et al., 2010; Sadhwani et al.,
2005; Shemer and Semiat, 2017; Tularam and llahee,
2007). These impacts include the discharge of brine
with extremely high salinity levels containing hazar-
dous chemicals, greenhouse gas (GHG) emissions,
thermal and noise pollution, as well as high energy
consumption, significant solid waste, and degradation
of marine ecosystems. To mitigate these impacts, se-
veral technologies, strategies, and measures have
been developed and adopted. These solutions include
green desalination technologies such as renewable
energy, hybrid desalination, water channels, and en-
ergy recovery. Additionally, strategies to alleviate en-
vironmental adverse effects include brine discharge
treatments, carbon sequestration, brine mining, and
careful intake and outfall design.

Many previous studies have examined the potential
impacts and risks of desalination. However, the envi-
ronmental impact of desalination can vary significant-
ly between countries and more local scales, largely
due to differences in geography features (topography,
bathymetry], natural hydrological patterns, technolo-
gy used, regulatory frameworks, and environmental
sensitivities of the related species. The same varia-
bility applies to strategies and actions for mitigating
environmental impacts. Therefore, this study aims to
assess the potential impacts of desalination plants at
the country level and to evaluate strategies and mea-
sures to enhance the sustainability of this technology.

METHODOLOGY

This study identifies the potential risks of desalination
on the environment, with the ultimate goal of achie-
ving resilience to desalination and the efficient ma-
nagement of this sector. A structured questionnaire
was used as the main data collection instrument to
determine the environmental and social effects of
desalination and appropriate mitigation measures
to be adopted. The survey was designed following a
two-step process. The initial step was an extensive li-
terature review, which was based on a review of over
40 peer-reviewed scientific articles, policy reports,
and technical documents of 2000-2025. The literature
covered key thematic areas including brine discharge
and marine ecosystem damage, energy consumption
and carbon emissions, groundwater contamination,
social acceptance and public perception, site selec-
tion challenges, health risks related to chemical re-
sidues, and emerging mitigation technologies such
as renewable-powered desalination and brine mana-
gement solutions. The review assisted in identifying
the most frequently reported environmental and so-
cio-economic effects related to desalination and the
related mitigation and adaptation measures. Second,
focus group discussions were conducted with a small
group of academic and professional experts in desa-

lination and water policy to validate the relevance and
clarity of the selected variables.

The survey targets desalination experts in six Me-
diterranean countries, Spain, Greece, Israel, Libya,
Algeria, and Tunisia. To obtain a broader perspective,
experts were chosen from different fields related to
desalination to reflect their knowledge and expe-
rience. Involving a diverse group of experts was es-
sential to ensure a comprehensive view of the poten-
tial impacts of desalination on the environment. The
survey was structured in two parts. The first part as-
ked the experts to rate the potential impacts of the de-
salination risk factors on the different sectors in their
countries. The second part asked them to evaluate
the effectiveness of the proposed mitigation/adap-
tation strategies. An expert judgment was recorded
using a semi-quantitative scoring system; the entire
description of this scoring system is provided in the
subsequent sections. To analyze the collected data,
Failure Mode and Effect Analysis (FMEA) were inte-
grated with the Analytical Hierarchy Process (AHP)
multi-criterion decision-making approach to evaluate
the desalination risk factors and recommend a best
set of adaptation strategies. FMEA systematically
identified possible risks in the different sectors and
provided a structured means to rank the severity, oc-
currence, and detectability of each risk (Table 1). The
AHP was then employed to rank the areas of signifi-
cant concern to the experts and summarize their ove-
rall view of the likelihood of success of the corrective
actions or strategies that could be used in response
to the risk factors. A multi-criterion decision-making
approach based on pair-wise comparisons was then
used to evaluate the adaptation strategies feasible in
the Mediterranean context.

While all listed sub-criteria contribute significantly to
their respective impact categories, the relative weight
or importance of each can vary depending on local
environmental sensitivity, technological configura-
tions, and site-specific factors. For instance, within
the ‘Marine Ecosystem Damage’ category, biodiver-
sity loss resulting from entrainment, impingement,
and brine discharge is often considered more im-
mediately disruptive than habitat destruction caused
by high salinity or temperature, as it directly affects
population dynamics and food webs. However, long-
term habitat degradation may have more persistent
and less reversible consequences. The survey design
allowed experts to consider such trade-offs through
structured scoring in the FMEA-AHP framework, de-
tailed in the following sections.



(Main Criteria)

Marine Ecosystem Damage
(Water intakes & Brine discharges)

Problems caused by Desalination Impact (sub-criteria)

Biodiversity loss from entrainment, impingement, and brine discharge
Habitat destruction due to high salinity, temperature, and chemicals.

Disruption of marine food chains affecting fisheries and marine ecosystems

Seabed pollution and increased bioaccumulation risks

Seagrass loss impacts carbon sequestration and marine habitats

Brine seepage contaminates groundwater with high salinity and chemicals.
Over-extraction lowers water tables, reducing freshwater availability.

Groundwater Risks

Soil degradation from increased salinity, harming agriculture.

Increased tu

Water and Air Pollution

ty.

Waste biomass from intake screens pollutes marine waters.

Air pollution from desalination emissions.

High energy demand increases carbon footprint.

GHG emissions accelerate climate change.

Energy and Climate Risks

Waste heat discharge affects coastal environments.

Rising operational expenditures (OPEX) due to energy-intensive operations & carbon taxes

Bioaccumulation of heavy metals in seafood.

Health Risks

Air pollution exposure affects respiratory health.

Chemical residues in desalinated water raise long-term health concerns.

Noise pollution affecting nearby communities
High Capital Expenditures [CAPEX) for plant construction and infrastructure
Decline of coastal tourism due to environmental degradation

Social and Economic Risks

Fisheries loss from reduced fish populations, causing unemployment and need for social subsidies.

Need for substantial subsidies or tariffs to keep desalinated water affordable.

Desalination impacts and the associated problems

Failure Mode and Effects Analysis

FMEA is a systematic method for evaluating the im-
pact of potential risks by assessing their severity, oc-
currence probability, and detectability 24.(Schneider,
1996). It calculates a Risk Priority Number (RPNJ,
which serves as a criticality rank, using the following
formula:

RPN = SxPxD, (1)

where S represents the severity of a failure, P is the
probability of its occurrence, and D is the detectability
of the failure. In the traditional application of FMEA,
an integer scale ranging from 1 to 10 is utilized to as-
sess these three risk factors. Failure modes that yield
higher RPNs are generally considered to be of grea-
ter significance and are thus prioritized for corrective
action.

In the context of assessing desalination impacts on
the environment, ‘severity’ relates to the extent of
an impact’s end effect. A higher severity value is as-
signed to more significant consequences of desalina-
tion. ‘Probability’ denotes the likelihood of desalina-
tion impacts occurring, while ‘detectability’ refers to
the ability to foresee these impacts before their oc-
currence.

Analytic Hierarchy Process

The AHP, a key component of multi-criteria decision
analysis, provides a structured approach for framing
decision problems and evaluating and ranking va-
rious alternatives. AHP is a widely used technique for
ensuring decision-making quality through pairwise
comparison. This method has been applied in the cur-
rent research study.

The AHP equips researchers with a hierarchical
framework to analyze problems and integrate deci-
sion-makers’ experiences into the evaluation pro-
cess. The hierarchy starts with the main objective
at the top, followed by criteria, sub-criteria (if appli-
cable), and potential solutions or alternatives. The
process involves assigning weights to these criteria
and sub-criteria to facilitate the comparison of alter-
natives. Pairwise comparisons are then conducted
using a scale from 1 (indicating indifference) to 9 (in-
dicating high preference). The AHP pairwise compa-
rison scale, as outlined by (Wind and Saaty,1980), is
shown in Table 2.
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AHP pairwise comparison scale (Wind and Saaty,1980)

The relative importance of different parameters is
calculated using the RPN values from Equation (1), as
shown in Equation (2):

— Cmax_cmin
aij = (ci — Cj)T

(2)

Where, aj represents the importance of the in pa-
rameter relative to the jiu factor.

Ci-Cj represents the difference between the RPN
scores of the in and ju factors, and Cmin and Cmaxare
the overall minimum and maximum RPN scores, res-
pectively.

The basic steps of the AHP include defining the pro-
blem and decomposing itinto a hierarchical structure,
creating pairwise comparison matrices, evaluating
the consistency index, and synthesizing the hierarchy
to rank alternatives.

Adaptation strategies

To address the challenges posed by desalination to
the environment, six key solutions have been identi-
fied through an extensive literature review. The aim
is to apply these in the desalination sector to boost
resilience. Each proposed solution was evaluated and
then ranked based on its relative in combating the im-
pact of the environment by experts. To this end, we
used the AHP, as outlined above, with a qualitative
scale ranging from 1 (least effective] to 9 (most effec-
tive). The strategies are:

Source Water Intake Mitigation

Brine Discharge Mitigation

Energy Use Mitigation

Site Selection

Socio-Economic & Community-Based Mitigation
Strategies

6. Integrated Water Resource Management

o LN=

A detailed description of each strategy, including
technical measures and application contexts, is pro-
vided in Annex 1.

Intensity of importance Scale of importance

Equal risk to the two criteria

Low risk of one criterion compared to another
High risk of one criterion compared to another
Very high risk of one criterion over another

Extremely high risk of one criterion over another

Intermediate values

RESULTS AND DISCUSSION

This study is based on expert inputs gathered from
six Mediterranean countries, ensuring a diverse and
context-specific understanding of desalination im-
pacts and mitigation strategies. These participants
brought a range of expertise in water management,
environmental policy, and engineering, providing va-
luable insights into both the technical and social di-
mensions of desalination in their respective national
contexts. Their assessments form the foundation of
the comparative analysis is presented in the following
sections. A summary table showing how each country
rated the different impact sub-criteria is included in
Annex 2 (see Table A2). It helps provide a clear basis
for comparing expert views across the six Mediter-
ranean contexts.

Spain

Social risks stand as the most important impact of
desalination in Spain according to results analysis
with a relative weight of 0.43 (Figure 1.a). The study
demonstrates that social factors have become cru-
cial elements in securing community acceptance
and addressing equity issues during the operation
of desalination plants. Desalination raises concerns
among communities because it appears to provide
better benefits to tourism and agribusiness sectors at
the expense of local water needs and increased prices
for water services. This issue gains importance in en-
vironmental justice and social equity debates. Within
this category, High Capital Expenditures (CAPEX] for
plant construction and infrastructure’ carries the hi-
ghest weight (0.56), indicating financial and economic
barriers as the most pressing social concern, fol-
lowed by the need for subsidies to keep desalinated
water affordable (0.39).

Energy and climate risks emerged as the second
most important concern (0.217) due to increasing re-
cognition of environmental consequences from ener-
gy-intensive desalination processes. Spain’s efforts to
merge renewable energy into its power network have
progressed notably but desalination facilities conti-



nue to generate environmental concerns about their
carbon emissions which becomes significant when
analysing long-term sustainability and EU climate po-
licy requirements. The research indicates that desa-
lination requires immediate attention for energy-sa-
ving technological advancements and the exploration
of low-carbon methods to maintain its function as a
climate-resistant solution. The most heavily weighted
sub-impact in this category is ‘High energy demand
increasing carbon footprint’ (0.29), closely followed by
‘GHG emissions accelerating climate change’ (0.27).

The study participants evaluated groundwater risks
and marine ecosystem damage as moderately impor-
tant issues (0.148 and 0.129 respectively). Spain has
depended on desalination plants located both near the
coast and inland throughout its history, yet practical
environmental risks persist including brine damage
to ocean ecosystems and localized water extraction
issues which could lead to water salinization. Their
lower ranking than social and energy-related impacts
demonstrate an existing trust in current environmen-
tal regulations and mitigation practices implemented
in Spain. According to Sola et al. (2020), the Spani-
sh experience offers a “comprehensive approach for
minimizing the potential environmental impacts of
brine discharge that can be applied in regions where
desalination practices are under development.” The
combination of strong regulatory oversight, conti-
nuous research, and corrective action when impacts
are identified has allowed Spain’s desalination sector
to expand without causing significant harm to marine
environments. Under marine ecosystem damage,
‘Biodiversity loss from entrainment, impingement,
and brine discharge’ received the highest sub-criteria
weight (0.45), followed by ‘Seagrass loss impacts car-
bon sequestration and marine habitats’ (0.24).

thei of d

Overall Inconsistency = 0.02

SOCIAL RISKS

HEALTH RISKS

ENERGY AND CLIMATE RISKS
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Figure.1 (a Relative weights of desalination impacts in Spain.

In the case of groundwater risks, ‘Over-extraction
lowering water tables’ stands out as the primary
concern (0.66), while ‘brine seepage contaminating
groundwater’ follows at 0.24.

Health risks (0.039) and water and air pollution (0.037)
receive limited consideration because the country
maintains robust water quality regulations coupled
with strict drinking water standards along with de-
salinated water treatment protocols for compliance
verification. Among health concerns, the most cited
sub-impact was ‘Chemical residues in desalinated
water raising long-term health concerns’ (0.43), while
‘bioaccumulation of heavy metals in seafood’ and ‘air
pollution exposure affecting respiratory health’ fol-
lowed with weights of 0.33 and 0.24, respectively.

The study reveals site selection stands as the primary
mitigation approach (0.212) in Spain because proper
plant installation helps reduce environmental issues
and social disputes. Energy use mitigation stands at
0.189 in the ranking due to rising interest in reducing
desalination carbon emissions and following Spain’s
climate policy objectives. The analysis indicates Inte-
grated Water Resource Management (0.174) and so-
cial mitigation strategies (0.167) occupy subsequent
positions due to their importance in complete plan-
ning and stakeholder collaboration. The identified
priorities align with previous studies which demons-
trated that social risks created the most substantial
impacts from desalination. The implementation of
brine discharge mitigation (0.137) and source water
intake mitigation (0.121) received lower priority due
to Spain’s strong regulatory frameworks and existing
technical solutions.

Overall, the results suggest that while technical fixes
remain important, successful desalination increa-
singly relies on strategic planning, public trust, and
energy sustainability.
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Figure.1 (b] Evaluation of mitigation strategies to address desalination impacts.
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Greece

The assessment of desalination impacts in Greece
shows that energy and climate risks hold the most
significant weight at 0.539 (Figure 2.a). The high level
of concern stems from ongoing energy sustainability
problems and the economic strain of energy-inten-
sive infrastructure throughout Greece. The high im-
portance Greece places on energy and climate risks
regarding desalination demands immediate research
into renewable-powered desalination systems. Within
this category, ‘High energy demand increasing carbon
footprint’ received the highest weight (0.33), followed
by ‘Rising operational expenditures (OPEX])" (0.29),
while ‘GHG emissions’ and ‘waste heat discharge’
were both moderately weighted (0.19 each).

The second most crucial risk factor for groundwater
protection is 0.205 which corresponds to the per-
sistent problems of over-extraction and saltwater
intrusion that affect coastal and island areas. The
implementation of desalination systems to combat
water scarcity needs proper management to prevent
worsening conditions in local water systems. The fin-
dings emphasize how water scarcity solutions need
to maintain equilibrium between resource conser-
vation and water scarcity solutions. In this category,
‘Over-extraction lowering water tables’ was the domi-
nant concern (0.53), followed by ‘brine seepage conta-
minating groundwater’ (0.33).

Social risks exhibit an average importance level of
0.111 in the evaluation. The challenges Greece faces
with its infrastructure and environmental issues
surpass the need for public support and stakehol-
der participation in desalination projects. Key social
concerns include the need for substantial subsidies
or tariffs (0.37) and high capital expenditures (0.35),
while other issues like coastal tourism decline (0.11)
and fisheries loss (0.03) were of lesser concern. Per-
ceptions from experts indicate that health risks along
with marine ecosystem damage and water and air
pollution rank lower in importance than other factors
(0.049 ,0.047 and 0.048 respectively). This suggests
these concerns either present no immediate threat
or can be managed through existing regulatory mea-
sures. The smaller dimensions of Greek desalination
facilities, particularly those located on islands, might
lead people to believe their environmental and health
effects remain within manageable local boundaries.
Among marine ecosystem risks, ‘Biodiversity loss
from entrainment and brine discharge’ was the most
emphasized (0.30), while other concerns—habitat
destruction, seabed pollution, and seagrass loss—
were evenly weighted (0.20 each).

The Greek mitigation strategy evaluation demons-
trates that Energy use mitigation stands out as the
most important measure (0.222) because desalina-
tion technology consumes substantial energy re-
sources in off-grid island regions. These regions ty-
pically rely on diesel-powered electricity generation,
leading to elevated operational costs and significant
greenhouse gas emissions. The research findings
align with previous results which identified energy
and climate risks as Greece’s most critical desalina-
tion consequences. Site selection stands as the se-
cond most important factor (0.216) since many Greek
coastal areas and islands exist in regions with sensi-
tive marine ecosystems or locations that have already
experienced tourism and development impacts. Plant
location decisions must be prioritized since they de-
termine both ecological protection outcomes and ef-
ficient system deployment. The ranking of Integrated
Water Resource Management (0.178) shows that
Greek stakeholders endorse an organized approach
to link water management objectives with overall de-
salination activities. IWNRM represents an essential
framework for Greece to optimize its water use and
secure long-term sustainability because it addresses
the seasonal water availability challenges and the
governance gaps between mainland and island ter-
ritories. The importance of strategies to address so-
cial effects (0.141) and brine discharge management
(0.14) was deemed moderate because of their conti-
nued focus on social and environmental considera-
tions although these areas may be viewed as easier
to control. The acceptance of small desalination pro-
jects by public audiences remains crucial but Greek
communities tend to show less resistance to these fa-
cilities since they understand the value of dependable
freshwater supplies. The ranking of source water in-
take mitigation strategies came in last with 0.103 be-
cause Greek desalination units mostly have smaller
sizes while demonstrating good performance in their
intake designs.
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Figure.2 (a Relative weights of desalination impacts in Greece.

Israel

The result from Israel indicates that energy and cli-
mate risks related to desalination were evaluated as
the most important risks with a weight of 0.499 (Fi-
gure 3.a). Israel places a strong emphasis on desali-
nation because it serves as the main source to provide
water for its national requirements (Tal, 2018). Des-
pite that Israel’s plants are highly energy-efficient by
world standards, it produces most of its desalinated
water through conventional power sources. Despite
ongoing projects to boost energy efficiency along with
renewable integration because this practice results in
greenhouse gas emissions that counter climate com-
mitments. Israel faces an immediate requirement to
boost sustainability within its desalination sector be-
cause water requirements are expanding. Within this
category, ‘High energy demand increasing carbon
footprint” was the most heavily weighted sub-impact
(0.38), followed by ‘Rising OPEX due to energy use and
carbon taxes’ (0.29), ‘Waste heat discharge’ (0.19),
and ‘GHG emissions’ (0.14).

Marine ecosystem damage emerged as the second
major concern for stakeholders at 0.287 on a scale
from 0 to 1. This indicates the environmental challen-
ges associated with building coastal desalination
facilities. Thermal and saline pollution from brine
discharges threatens the sensitive marine habi-
tats located along Israel's Mediterranean coast. The
country has adopted state-of-the-art brine disper-
sion systems, but the environmental impacts of conti-
nuous brine exposure still present a major concern
(Kenigsberg et al., 2020). The assessment takes into
account the total environmental pressure that desali-
nation facilities create because they operate near one
another within concentrated areas. The main sub-cri-
teria under this category were ‘Biodiversity loss from
entrainment, impingement, and brine discharge’
(0.30), followed by ‘Seagrass loss’ (0.25), ‘Habitat des-
truction from salinity, temperature, and chemicals’

53.9% SITE SELECTION

Overall Inconsistency = 0.02

INTEGRATED WATER RESOURCE MANAGEMENT

SOCIAL MITIGATION STRATEGIES

ENERGY USE MITIGATION

BRINE DISCHARGE MITIGATION

SOURCE WATER INTAKE MITIGATION

0 0.05 01 0.15 02
Relative Weight

Figure.2 (b) Evaluation of mitigation strategies to address desalination impacts.

(0.20), ‘Seabed pollution and bioaccumulation’ (0.20),
and ‘Disruption of marine food chains’ (0.05).

The rating system assigned similar weight to so-
cial risks, health risks, water and air pollution, and
groundwater risks which received equal weight at
0.052-0.055. This reflects the perception that these
issues are largely under control in Israel, supported
by strict environmental regulations, long-term mo-
nitoring, and advanced intake and filtration tech-
nologies. Environmental effects such as turbidity
and biomass accumulation have been shown to be
localized and minimal, posing low ecological risk
near intake and discharge zones.. The relatively low
concern for groundwater risks among Israeli res-
pondents can be attributed to the country’s limited
reliance on groundwater for brine disposal, as most
desalination plants discharge brine directly into the
sea. Also, desalination has also contributed to aquifer
recovery by decreasing the need for over-extraction,
thereby enhancing groundwater protection. The low
social risk weight stems from public support for de-
salination as a national solution because the country
has a long history of desalination success combined
with its integration of desalinated water in domestic,
agricultural and industrial supply. The existence of
robust regulatory systems seems to account for the
minimal public concern about health risks and pol-
lution effects. Israeli mitigation strategy assessment
displays a strategic method for effectively handling
the main issues stemming from desalination pro-
cesses. The selection of proper site locations (0.209)
and strategies to reduce energy usage (0.208) be-
came the leading priorities because Israel wants to
protect its environment and minimize its desalina-
tion energy consumption. Strategic decisions about
site selection in Israel become essential because the
country depends on large-scale desalination plants,
with average capacity of 500 MCM/year (Kramer et
al. (2022]), to supply water while operating in a dense
coastal environment. The energy efficiency of de-
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salination continues to be a crucial priority for the
country because of its growing focus on minimizing
the environmental impact of power consumption. The
importance of Integrated Water Resource Manage-
ment (IWRM] stands at 0.173 showing Israel's ongoing
dedication to complete water resource management.
Israel operates its water sector as one integrated sys-
tem with desalination serving alongside wastewater
reuse and aquifer recharge and national distribution
networks. IWRM enables desalination to work with
other water elements through a harmonious integra-
tion which leads to improved sustainability and resi-
lience. The assessment of brine discharge mitigation
stands at 0.145 because marine environmental health
concerns continue to rise as multiple desalination
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Figure.3 (a) Relative weights of desalination impacts in Israel.

Libya

The overall weight of energy and climate risks together
with social risks reaches almost 60% in the evaluation
of desalination in Libya. The country’s unstable and
limited energy infrastructure drives the high relative
weight of 0.345 for energy and climate risks. Libya ex-
periences numerous power blackouts and fuel scar-
city in different areas which creates severe challenges
due to desalination plants’ energy-intensive opera-
tions. The absence of renewable energy technolo-
gies combined with fossil fuel dependence increases
financial and environmental burdens on the country.
Within this category, ‘High energy demand increasing
carbon footprint’ (0.37) and ‘GHG emissions’ (0.31) are
the dominant concerns, while ‘rising OPEX from ener-
gy operations and carbon taxes’ follows with 0.21, and
‘waste heat discharge’ is rated lowest at 0.11. Social
risks stand as the second most important element
at 0.25. Large-scale infrastructure implementation
within this context faces challenges due to weak pu-
blic services and fragmented governance structures
and low institutional trust levels. The social aspects
of desalination projects become more sensitive be-

plants operate in the same areas. Israel implements
an advanced brine management system, yet the to-
tal environmental effects of the Mediterranean eco-
system remain critical for continued monitoring and
enhancement. He received the least priority at scores
of 0.134 and 0.131 respectively. People in Israel sup-
port desalination operations because the technology
provides essential protection for their national water
supply. The existing social concerns about desalina-
tion have limited impact on public perception because
of widespread acceptance of the technology. The ma-
nagement of source water intake seems to be consi-
dered a technical problem that people can handle
because of common practices such as subsurface or
screened intakes.
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Figure.3 (b) Evaluation of mitigation strategies to address desalination impacts.

cause of concerns about water affordability and dis-
tribution fairness as well as possible discrimination
affecting rural communities. Libya's public accep-
tance depends on environmental results as well as
how fairly and transparently the water management
choices are made. In addition, economic sustainabi-
lity plays a major role in shaping social perceptions of
desalination. Desalinated water is significantly more
expensive than conventional sources such as rivers
or aquifers. In Libya, where water has traditionally
been provided either for free (via the Great Man-Made
River) or at very low subsidized tariffs, desalination
introduces a high-cost water source into the system.
Studies estimate that the unit cost of desalinated wa-
ter can range from $0.5 to $1.3 per cubic meter for
large seawater plants, depending on energy prices
and plant efficiency (Kotagama et al. (2016)), with
some plants reporting average costs as high as $2.69/
m? due to high fuel costs and operational inefficien-
cies (Ashour and Ghurbal 2004). In contrast, the price
charged to Libyan consumers remains extremely low,
about $0.10-%$0.20/m3, due to substantial government
subsidies (UNICEF 2022]. A UNICEF report found Li-
bya's average municipal tariff to be just $0.15/m3, only
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20% of the MENA regional average and far below the
real cost of production (UNICEF 2022). This large gap
implies that the government bears most of the finan-
cial burden, resulting in substantial annual subsidies
to support desalination, covering fuel, maintenance,
and capital investment. These structural inequalities
and fiscal pressures amplify public sensitivity toward
water equity, further complicating social acceptance
of desalination projects. Within the social category,
the most significant sub-issues were ‘need for subs-
tantial subsidies or tariffs to keep desalinated water
affordable’ (0.46) and "high CAPEX for infrastructure’
(0.38]. In contrast, noise pollution (0.08), coastal tou-
rism decline (0.06), and fisheries loss (0.02) were
considered minor concerns. The damage to marine
ecosystems stands as a significant concern with a
rating of 0.191 since Libya possesses an extensive
coastal region along the Mediterranean. The limited
environmental regulations with weak monitoring ca-
pabilities in certain regions lead to severe damage
of coastal marine biodiversity and fisheries when
concentrated brine is discharged into ocean waters.
This poses substantial economic and cultural threats
to coastal communities. In this category, the most im-
pactful sub-criteria were ‘biodiversity loss from en-
trainment, impingement, and brine discharge’ (0.37)
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Figure.4 (a) Relative weights of desalination impacts in Libya.

Algeria

The evaluation of desalination impacts in Algeria
highlights a strong concern for both energy and cli-
mate risks and social risks, which together account
for over half of the total relative weight. The energy
and climate risks carry the highest importance rating
of 0.33 in the assessment because Algeria generates
power from fossil fuels while desalination plants re-
quire substantial energy consumption. The expan-
ding domestic and export commitments on energy
resources create a crucial challenge for sustaining
water production systems which depend heavily on
energy consumption. The concern fits Algeria’s envi-

INTEGRATED WATER RESOURCE MANAGEMENT

and ‘habitat destruction due to high salinity, tempe-
rature, and chemicals’ (0.34). Other sub-issues like
disruption of marine food chains (0.11), seagrass loss
(0.11), and seabed pollution (0.06) were rated lower.

In Libya, energy use mitigation and site selection are
top priorities for desalination, reflecting concerns
over unstable energy supply and the environmental
sensitivity of coastal zones. In Libya, the scarcity of
environmentally suitable and socially acceptable loca-
tions, coupled with infrastructure constraints, makes
site selection a critical decision point for mitigating
both ecological and community-level risks. Social mi-
tigation strategies are also emphasized, highlighting
the need for public trust and equitable access. Brine
discharge mitigation is moderately important, while
IWRM and intake mitigation are lower priorities, pos-
sibly due to limited institutional capacity. This may re-
flect Libya’s limited integration of water management
sectors and the absence of a centralized governance
framework to coordinate desalination with broader
water reuse, aquifer recharge, or long-term planning.
Overall, the focus is on practical, high-impact mea-
sures that address both technical and social vulnera-
bilities in a fragile context.
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Figure.4 (b) Evaluation of mitigation strategies to address desalination impacts.

ronmental goals while supporting the country’s inter-
national climate agreements to decrease its carbon
emissions. Within this category, ‘High energy demand
increasing carbon footprint” is the most pressing is-
sue (0.41), followed by ‘GHG emissions’ (0.25), ‘Rising
operational expenditures (OPEX) (0.19), and ‘waste
heat discharge’ (0.15).

Social risks hold a significant position (0.261) because
citizens worry about the availability of water and its af-
fordability. The public in Algeria has expressed nega-
tive reactions about water service quality and uneven
distribution patterns that affect peri-urban and rural
territories. Public views about desalination will affect
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its general acceptance because they often focus on
whether benefits are distributed fairly among diffe-
rent regions and sectors. The most prominent social
sub-concern is ‘"High capital expenditures (CAPEX) for
infrastructure’ (0.45), followed by the ‘need for subs-
tantial subsidies or tariffs to keep desalinated water
affordable’ (0.36), while concerns like ‘fisheries loss’
(0.12), ‘coastal tourism decline’ (0.03), and 'noise pol-
lution’ (0.03) were considered much less significant.
Marine ecosystem damage follows as the third major
concern (0.234), highlighting awareness of environ-
mental consequences from brine discharge along
Algeria’s Mediterranean coast. ‘Biodiversity loss from
entrainment and brine discharge’ is the leading issue
in this category (0.34), followed by "habitat destruc-
tion from salinity and chemicals’ (0.22), ‘seabed pollu-
tion and bioaccumulation risks’ (0.21), 'seagrass loss’
(0.12), and ‘disruption of marine food chains’ (0.11).
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Its lower ranking compared to energy and social
risks may reflect limited public awareness, a lack
of comprehensive environmental monitoring, or the
perception that marine impacts are more localized
or manageable in the short term. In Algeria, the top
mitigation priorities for desalination are energy use
mitigation and social mitigation strategies, reflecting
concerns over high energy demands and the impor-
tance of public acceptance and equitable water ac-
cess. Site selection is moderately important, while
brine discharge, IWRM, and intake mitigation rank
lower—possibly due to institutional limitations or less
immediate concern. The results highlight a focus on
practical, high-impact strategies to enhance sustai-
nability and social trust, with environmental safe-
guards viewed as secondary but still relevant.
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Figure.5 (a) Relative weights of desalination impacts in Algeria.

Tunisia

Energy and climate risks combined with social risks
and marine ecosystem damage constitute around 70%
of the total weight in the assessment of desalination
impacts in Tunisia. Energy and climate risks stand
as the primary concern at 0.39 because of Tunisia’s
increasing worry about maintaining sustainable wa-
ter production that requires large amounts of energy.
The energy sector of Tunisia faces significant pres-
sure due to its dependence on fossil fuels and rising
electricity requirements. Tunisia needs to address the
critical challenge of implementing desalination into
its water supply system because it requires avoiding
substantial increases in carbon emissions while also
dealing with the country’s climate change threats and
minimal renewable energy adoption. Within this cate-
gory, the most concerning sub-impact is ‘High energy
demand increasing carbon footprint” (0.36), followed
by ‘GHG emissions accelerating climate change’
(0.26), 'OPEX from energy-intensive operations and
carbon taxes’ (0.24), and ‘waste heat discharge’ (0.14).
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Figure.5 (b) Evaluation of mitigation strategies to address desalination impacts.

The social risks component holds a weight of 0.28 be-
cause Tunisians continue to worry about equal access
to water services and affordable prices and institutio-
nal trustworthiness. The public understanding of de-
salination in Tunisia emerges from general social and
economic factors which affect water service distribu-
tion and raise questions about infrastructure mana-
gement systems. Social acceptance along with fair
distribution systems and transparent practices repre-
sent essential elements for obtaining public backing
of upcoming desalination projects in the future.
Among social concerns, the most significant sub-cri-
teria are ‘Need for substantial subsidies or tariffs to
keep desalinated water affordable” (0.43) and ‘High
capital expenditures (CAPEX)" (0.37), while concerns
such as ‘Noise pollution’ (0.06), ‘Fisheries loss’ (0.09),
and ‘Coastal tourism decline’ (0.05) were considered
less critical. The ecological vulnerability of Tunisia’s
Mediterranean coast becomes evident through the
high score of marine ecosystem damage (0.184). The
restricted water circulation makes brine discharges
dangerous for marine biodiversity in affected areas.



Specifically, ‘Biodiversity loss from entrainment and
brine discharge’ (0.29) and 'Habitat destruction due
to salinity and temperature’ (0.28) received the hi-
ghest sub-ratings, followed by ‘Seagrass loss (0.18),
‘Disruption of marine food chains’ (0.14), and 'Seabed
pollution and bioaccumulation risks’ (0.11). Research
participants assign lower significance to groundwater
risks (0.064) along with water and air pollution (0.055)
and health risks (0.027). Local and managed challen-
ges appear to cause less concern than broader en-
ergy and social issues do. The perception of desali-
nation as an aquifer substitute instead of an aquifer
degrading factor leads people to view groundwater
risks as less urgent.
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Figure.6 (a) Relative weights of desalination impacts in Tunisia.

Comparative Analysis of Country-Level
Results

The results of this study highlight both convergences
and divergences concerning perceptions of desalina-
tion impacts and mitigation priorities among Spain,
Greece, Israel, Libya, Algeria, and Tunisia. All six na-
tions identify desalination as an essential approach to
mitigating water scarcity. Nevertheless, prioritisation
among environmental, social, and technical concerns
differs considerably, influenced by varying contexts
related to infrastructure quality, governance struc-
tures, energy availability, and public attitudes.

Across the majority of these countries, energy and cli-
mate-related risks represent a primary concern. This
is especially evident in Greece (0.539), Israel (0.499),
Libya (0.345), Algeria (0.33), and Tunisia (0.33). These
countries uniformly acknowledge the high energy de-
mand inherent in desalination technologies, along-
side their consequences for national greenhouse gas
emissions, energy security, and operational expendi-
tures, particularly where there is heavy reliance on
fossil fuels or in regions lacking integrated energy
grids. Conversely, Spain uniquely prioritises social
risks highest (0.43), reflecting heightened concerns

INTEGRATED WATER RESOURCE MANAGEMENT

In Tunisia, top desalination mitigation priorities are
energy use mitigation and social mitigation strate-
gies, reflecting concerns about high energy depen-
dency and the need for public trust and equity in wa-
ter access. Site selection is moderately important,
while brine discharge, IWRM, and intake mitigation
are lower priorities—likely due to limited capacity or
a focus on more immediate challenges. The results
emphasize the need for sustainable energy integra-
tion and socially inclusive planning in future desali-
nation efforts.
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Figure.6 (b] Evaluation of mitigation strategies to address desalination impacts.

around issues such as equity, affordability, and public
acceptance. Spain’s mature regulatory frameworks
underscore the central role that societal perceptions
of fairness play in the successful implementation of
desalination projects.

Social concerns are similarly significantin Libya (0.25),
Algeria (0.261), and Tunisia (0.261), where issues such
as affordability, governance transparency, and equi-
table rural access stand out. These nations encounter
structural difficulties such as fragmented institutio-
nal arrangements and pricing models heavily reliant
on subsidies, which amplify public sensitivities. In
contrast, Israel (0.052) and Greece (0.111) demons-
trate lower levels of concern for social risks, likely
due to their more robust institutional frameworks and
broader societal support for desalination initiatives.

Concerns regarding impacts on marine ecosys-
tems are notably prominent in Tunisia (0.234), Alge-
ria (0.234), and Israel (0.287), primarily due to brine
discharge affecting coastal areas with limited water
circulation or dense desalination plant distributions.
Spain (0.129) and Greece (0.047), however, appear
more confident in their existing mitigation measures
or perceive these environmental impacts as less se-
vere. Overall, risks related to groundwater, human
health, and air and water pollution are considered

J
0.25

27.3%
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relatively less critical across all six countries. For
instance, low levels of concern are reported in these
categories by Israel, Spain, and Tunisia, often attri-
buted to existing treatment protocols or the percep-
tion that these risks are manageable or effectively
regulated.

Despite these contextual differences, three mitigation
strategies consistently emerge as highly prioritised.
Energy-use reduction is universally emphasised,
particularly by Greece (0.222), Israel (0.208), Libya,
and Tunisia, highlighting a collective urgency for the
adoption of renewable and low-carbon energy solu-
tions. Social mitigation strategies receive conside-
rable attention in Spain, Algeria, Libya, and Tunisia,
driven by public discourse focused on affordability
and equity. Additionally, strategic site selection ranks
highly in Spain (0.212), Greece (0.216), Israel (0.209),
and Libya, underscoring the necessity of considering
ecological sensitivity and potential land-use conflicts.
Conversely, mitigation strategies addressing brine
discharge, source water intake, and Integrated Wa-
ter Resource Management (IWRM] generally receive
lower priority, particularly in nations with limited
technical capabilities or where environmental plan-
ning frameworks are still evolving (e.g., Libya, Tunisia,
Algeria).

Collectively, these findings underscore the neces-
sity of aligning desalination policies with the unique
challenges and capacities of individual countries. For
example, Spain and Israel, benefiting from robust ins-
titutional frameworks and extensive desalination ex-
perience, focus predominantly on optimising and in-
tegrating existing systems. Conversely, Tunisia, Libya,
and Algeria grapple with more foundational challen-
ges surrounding affordability, governance, and ener-
gy security, directly influencing their perceived risks
and strategic priorities. Ultimately, this comparative
analysis underscores that, although desalination is
broadly recognised as an effective response to Medi-
terranean water scarcity, its practical implementation
varies significantly across national contexts. Future
regional collaboration and knowledge exchange—es-
pecially regarding social governance, environmental
safeguards, and energy integration—could provide
critical avenues for advancing more sustainable and
socially acceptable desalination practices throughout
the region.

CONCLUSION

This study offers a comparative assessment of desa-
lination impacts and corresponding mitigation prio-
rities across six Mediterranean countries—Spain,
Greece, Israel, Libya, Algeria, and Tunisia—based on
the insights of 20 national experts. The results reveal
that while desalination is broadly recognized as a cri-
tical solution for addressing water scarcity in the re-
gion, its long-term sustainability depends on how well
associated environmental and social challenges are
understood and managed.

Energy and climate risks consistently emerged as
one of the top concerns, particularly in countries with
energy-constrained or fossil fuel-dependent systems
such as Libya, Tunisia, and Algeria. In contrast, social
risks were especially prominent in Spain and Tuni-
sia, reflecting sensitivities around public acceptance,
equity, and governance. Environmental concerns,
such as marine ecosystem damage, also featured
prominently in countries with extensive coastal desa-
lination infrastructure.

When it comes to mitigation strategies, energy use
mitigation was universally prioritized, reinforcing the
urgent need for cleaner, more efficient desalination
technologies. Site selection and social mitigation
strategies also ranked highly, emphasizing the im-
portance of planning and public engagement in ensu-
ring project success. Meanwhile, strategies like brine
discharge and source water intake mitigation, though
important, tended to receive lower priority, possibly
due to perceived manageability or regulatory confi-
dence.

Overall, the findings suggest that there is no one-
size-fits-all solution. Instead, each country’s strategy
must be shaped by its unique combination of techni-
cal capacity, environmental context, and social dyna-
mics. Moving forward, greater regional collaboration,
investment in sustainable technologies, and stronger
institutional frameworks will be essential to maxi-
mize the benefits of desalination while minimizing its
risks across the Mediterranean.
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Abstract

This paper explores existing legal regimes governing seawater desalination, particularly brine
discharge management in Mediterranean countries, with a focus on Southern States. It aims to
identify solutions to foster a sustainable seawater desalination considering external constraints
(climate change, demographic growth) and green hydrogen development in Mediterranean coun-
tries. Sustainable or viable seawater desalination consists of reducing marine pollution through
valorization of minerals contained in brine, preventing social water-use conflicts, promoting
low-carbon emission of desalination activities and ensuring the sector’s financial viability. Re-
gionally, desalination governance mainly involves the United Nations Convention on the Law of
the Sea (UNCLOS), the Barcelona Convention and its Land-Based Sources (LBS) Protocol, and
United Nations Environment Program (UNEP) guidelines applied to desalination activities. Evo-
Llution of these international environmental frameworks depends on technological, economic,
and social factors such as critical water needs, pollution control costs, institutional capacity, and
scientific understanding of ecological impacts. During the period when UNCLOS and the Barcelo-
na Convention were drafted; desalination’s environmental impacts were less documented. With
its growth, particularly in the context of energy transitions and brine treatments advancement,
revisiting existing frameworks and potentially updating the Barcelona Convention could be es-
sential. This report outlines legal, technical, economical, and socio-environmental aspects of
seawater desalination, green hydrogen development based on desalination, and renewable en-
ergy powering desalination plants, while distinguishing innovative brine valorization techniques
to propose a sustainable desalination in the region.
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INTRODUCTION

The Mediterranean basin is a climate change hotspot,
experiencing an alarming depletion of groundwater
resources, intensified by rising temperatures and
declining rainfall. To manage this escalating water
scarcity, many countries are increasingly turning to
seawater desalination for domestic potable water
and irrigation needs. Nevertheless, seawater desa-
lination processes are energy-intensive, ecologically
impactful due to brine discharge, and economically
debatable. Additionally, the ambition to develop green
hydrogen in several Mediterranean States requires
substantial volumes of freshwater, further increa-
sing water demand. In this sense, it is essential to
adopt more sustainable desalination technologies
that rely on renewable energy and that have lesser
environmental impact, while structuring an adap-
ted and efficient regional governance. This approach
could contribute to balancing energy transition, re-
silient water management, and the conservation of
marine biodiversity in coherence with the Sustainable
Development Goals (SDGs). Thus, a central question
guides the research: is the governance framework
regulating desalination and its environmental exter-
nalities in the Mediterranean—particularly the regio-
nal instrument—fit for purpose in light of fast-moving
technological, energy, scientific, socio-economic,
and environmental dynamics? In other words, can it
enable a genuinely sustainable model of seawater
desalination that cuts greenhouse-gas emissions,
minimizes brine discharges and marine ecological
harm, and meets essential social needs? To answer
this, the paper is structured around 3 topics: (1) Legal
regimes of Western and Central Mediterranean coun-
tries (ltaly, Tunisia, Algeria, Spain, Morocco, Greece,
and Egypt) are assessed to provide an overview of the
governance of desalination and to highlight key na-
tional laws framing EIA and brine effluents; further-
more, a critical review of supranational frameworks
(UNCLOS, Barcelona Convention, UNEP guidelines)
outlines their strengths and limitations proposing
enhanced regional cooperation, harmonized environ-
mental assessments, and legal/policy recommen-
dations; (2] techno-economic solutions for reducing
desalination impacts, including “brine mining” inno-
vations, are identified and evaluated for operational
and economic feasibility as well as the economic fea-
sibility of coupling desalination with renewable ener-
gy sources; (3] finally, an essential component ana-
lyzes links between desalination and green hydrogen
production, addressing water and energy demands
for electrolysis and socio-environmental constraints.
The article covers key dimensions of sustainable

seawater desalination such as energy efficiency op-
timization, water recovery of desalination process
enhancement, minimization of ecological impacts,
as well as reinforcement of social acceptability and
sector financial viability. By identifying legal gaps and
solutions from a regional viewpoint, the intent is to
develop reflection on the possibility to esquisse or
renew the current regional governance that would
foster a sustainable seawater desalination reflecting
new technical innovations as well as evolving environ-
mental, and socio-economic dynamics.

DATA COLLECTION METHODOLOGY

The research is based on empirical data analysis and
case studies. A literature review and key data focu-
sing notably on Southern Mediterranean countries
provide a comprehensive overview of seawater desa-
lination development stage. The study highlights the
disparities between each Mediterranean country on
how brine effluents from desalination plants are fra-
med and stresses divergences between key aspects
of the national legislation. The purpose is to lead a
comparative study on the legal governance of desa-
lination and its associated environmental impact, to
examine potential impediments in implementing the
Barcelona convention and UNEP guidelines at a na-
tional scale as well as to determine the legal gaps of
the Barcelona convention itself. Qualitative analysis
draws on governmental documents presenting legal
frameworks administrating desalination in mostly
western Mediterranean countries. A study case re-
lated to Tunisia is retained for the research notably
in the section pinpointing the environmental impact
of Seawater desalination. This choice is justified by
the fact that the study aims to focus on the countries
of the southern shore and Tunisia is the among the
few States that has available official governmental
documents presenting environmental impact assess-
ments (EIA) of seawater desalination.

In this paper, EIA and technical documents [scientific
publications) describe the social implications of de-
salination, ecological impacts from brine discharge,
and technical-economic feasibility of mitigation mea-
sures such as the development of Minimum Liquid
Discharge (MLD) and Zero Liquid Discharge (ZLD)
techniques. This combined methodology enables a
multidimensional approach covering technical (en-
vironmental impacts, energy efficiency, techno-eco-
nomic feasibility) and socio-environmental factors
(acceptability, governance), aiming for a systemic and
contextualized analysis.



For the section dealing with MLD and ZLD feasibility in
the Mediterranean, the analysis is based on a limited
number of studies. The intention was not to com-
pile all available references on MLD/ZLD worldwide,
but to retain the most relevant and comprehensive
sources for the Mediterranean context. The main stu-
dy used is recent and specifically focused on the Eas-
tern Mediterranean. It combines technical, economic,
and environmental aspects in a way that few other pu-
blications do. It also goes beyond general feasibility
by detailing how brine could be recovered and valo-
rized in the market—an essential consideration when
assessing circular economy potential. This makes it
particularly strategic from the regional perspective.
The focus is placed on the Forward osmosis (FO) and
Reverse osmosis (R0O) hybrid approach. Furthermore,
the case of green hydrogen development associated
with seawater desalination is apprehended. A stu-
dy case of Tunisia has been chosen as a national
strategy on green hydrogen development has been
recently adopted by the Tunisian government which
clearly states that seawater desalination will be de-
veloped to produce hydrogen. Tunisia represents a
good example to illustrate the broad implications of
a sustainable seawater desalination which could be
achieved thanks to green hydrogen. In fact, few coun-
tries have developed commercial desalination based
on MLD-ZLD due to intensive energy requirements.
That issue is nevertheless solvable as green hydrogen
can boost renewable energy production. It will be de-
monstrated in this paper that energy, elimination of
brine discharge and green hydrogen are linked as a
“triangular’” scheme.

RESULTS - PRESENTATION OF THE
KEY FINDINGS

Roles and Limitations of Supranational Legal
Frameworks in Addressing the Social and
Environmental Challenges of Desalination

al Role of the Law of the Sea in Regulating
Brine Discharges into the Mediterranean
Marine Environment:

Main Objectives of Part XIl of UNCLOS and its Provi-
sions Applicable to Seawater Desalination:

Part XIl of the UNCLOS is the international instru-
ment governing the environmental impacts of human
activities on the marine environment, notably those
generated by desalination plants. It imposes an obli-
gation on States to take measures to prevent, control,
and reduce marine pollution, particularly from land-

based sources. Under the Law of the Sea, States are
required to adopt the following approach to eliminate
or mitigate all sources of marine pollution:

1. Prevention, which may infer to:

e Select appropriate sites, avoiding environmental-
ly sensitive areas and adopt innovative technolo-
gies to reduce polluting such as the concentra-
tion of brine discharged;

e Favor non-polluting alternatives and actively
prevent the introduction of harmful substances
into the sea.

2. Impact Reduction, that may imply to:

e Dilute brine discharges in a controlled manner
to protect marine biodiversity and apply strict
discharge quality standards defined by the com-
petent authorities.

e Use advanced multi-orifice diffusion systems to
better distribute brine and avoid salinity spikes
and choose ecosystem-friendly seawater intake
systems;

3. Control (in the event of an accident or proven pol-

lution):

e Implement procedures to contain and neutralize
pollutants;

e Carry out environmental restoration actions to li-
mit long-term impacts.

The key articles of Part Xll include:

e Article 194: Obligation to adopt all necessary
measures to prevent, reduce, and control pollu-
tion from all sources, including that from land-
based installations (such as desalination plants).

e Article 204: General obligation for States to
conduct marine environmental impact assess-
ment

e Article 207: Obligation to adopt national legis-
lation and regulation to diminish land-based

sources of pollution.

Limitation of Part XIl of UNCLOS:

The requirements set out in UNCLOS constitute State
obligations of diligence which are procedural obliga-
tions not obligations of results. Moreover, the envi-
ronmental provisions of Part Xll are mostly general
in scope and remain subject to interpretation and are
dependent on regional and sectoral treaties to clarify
their scope, increase the effectiveness of the regula-
tion of the activities concerned, and minimize their
impact on the marine environment through appro-
priate technical standards. However, sectoral or re-
gional instruments are relatively incomplete in regu-
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lating the desalination sector in the Mediterranean.
As to date, no legally binding international agreement
relating to desalination activities has been adopted,
and even the Barcelona Convention and its protocols
are more general than specific to frame effectively
seawater desalination. Furthermore, it should be
noted that UNCLOS considers the level of develop-
ment and capacity of developing countries to imple-
ment Part XIl of UNCLOS. The Law of the Sea, through
Part X1V, advocates for capacity-building initiatives to
support countries from the Global South.

Part XIV-Technology Transfer:

Part XIV of UNCLOS promotes the transfer of marine
technology to support States, in particular developing
countries. This includes scientific and technical coo-
peration. Certain provisions specifically call for the
development of regional organizations and technical
standards to regulate desalination activities. By en-
couraging scientific cooperation and the transfer of
marine technology, Part XIV effectively complements
the prevention, control, and reduction obligations set
out in Part XIl. Despite their general nature, these two
parts are essential for regulating the environmental
impacts of desalination plants coherently and effec-
tively.

b] Role of the Barcelona Convention

The Barcelona Convention and its LBS Protocol play
a key role in regulating brine discharges in the Me-
diterranean by imposing regulatory requirements on
discharges from land-based sources into the marine
environment, including those resulting from seawa-
ter desalination. Although desalination is not expli-
citly designated as a priority, the principles of the
protocol apply, particularly those relating to pollu-
ting substances, environmental impact assessment
(EIA], and best available technologies. In addition, the
Ecosystem Approach adopted by UNEP/MAP aims to
ensure Good Environmental Status (GES) in the Me-
diterranean by integrating brine discharge manage-
ment with ecological objectives, such as preserving
biodiversity, preventing eutrophication, and limiting
hydrographic alterations. Through successive de-
cisions, notably 1G.17/6 and 1G.21/3, the implemen-
tation of GES is based on monitoring indicators and
targets, thus strengthening the regulatory and moni-
toring framework for the impacts of desalination. The
integration of these elements into the licensing and
discharge monitoring processes ensures that desa-
lination activities are sustainable and attenuate their
impact on Mediterranean marine and coastal ecosys-
tems.

c) Role of UNEP and its Guidelines

The Guidelines on the Management of Desalination
Activities, developed by UNEP, play a pivotal role in
EIA and impact monitoring of desalination facilities in
the Mediterranean Sea. They aim to ensure optimal
management of environmental effects. EIAs are ex-
pected to address several fundamental aspects, in-
cluding:

e Project Objective and Need: The EIA must clear-
ly present the desalination project, including its
location, its connections to other industries and
infrastructure, and the water needs of local com-
munities or industries. This helps justify the pro-
ject’s existence and demonstrates that it meets a
regional or local need.

e Technology and Discharge Techniques: A detailed
description of the desalination technologies used
(RO or other], their capacity, energy consumption,
and discharge characteristics is essential for as-
sessing their environmental impacts. Discharges,
including their volume, toxicity, and effect on the
marine ecosystem, must be considered to mini-
mize risks.

e Brine Dispersion Modeling: Modeling brine
discharges is essential for predicting their dis-
persion in the marine environment and their
effect on water quality, biodiversity, and protec-
ted species. This stage simulates the short- and
long-term effects of projects.

e Mitigation measures: Best environmental prac-
tices and best available technologies must be
incorporated into the EIA to minimize impacts.
This includes the use of more energy-efficient
technologies, chemical management, and me-
thods to reduce brine concentration and increase
discharge dilution. During the construction
phase, environmentally friendly techniques, such
as waste recycling and habitat restoration, must
be implemented.

e Monitoring and follow-up: Rigorous monitoring of
environmental impacts throughout the facility’s
lifecycle is imperative. The monitoring plan must
be based on the EIA and adjusted based on the
results obtained. This includes biannual mea-
surement campaigns of water quality, sediments,
and marine biota, including physicochemical and
biological parameters. The results must be pu-
blished regularly to adjust mitigation measures
as needed.

Thus, the guidelines on desalination management,
incorporating monitoring measures and cutting-edge
technologies, aim to ensure that projects are not only
technically viable, but also environmentally and so-
cially responsible, facilitating the sustainable mana-
gement of marine resources.



d] Limitations of the Barcelona Convention

Although the Barcelona Convention and its LBS pro-
tocol on land-based sources (LBS) establish a regio-
nal framework to regulate brine discharges from de-
salination, these frameworks have several limitations
that prevent comprehensive consideration of desali-
nation issues in the context of energy transition and
sustainable resource management. Their main limi-
tations are the following:

Inadequate integration of advanced discharge
management technologies: The Guidelines and
the LBS Protocol focus on the management and
dilution of brine discharges and promote the use
of best technologies, but don’tincorporate a feasi-
bility assessment of Zero Liquid Discharge (ZLD),
Minimal Liquid Discharge (MLD). Brine mining
could reduce the impacts of saline discharges
by recovering valuable minerals and minimizing
pollution of coastal and marine ecosystems. Mo-
reover, developing a techno-economic feasibility
study template to assess the possibility to com-
bine MLD and ZLD with an active desalination
plant would be highly relevant.

Lack of a multi-use approach: Although the gui-
delines address the environmental and social
impacts of desalination, they do not adequately
consider a multisectoral approach that promotes
synergies of water use. For example, the feasibi-
lity of using desalinated water for different pur-
poses such as irrigation and more are not suf-
ficiently studied in current impact studies, even
though such an approach could strengthen the
resilience of territories to climate change and
meet basic social needs, particularly in countries
on the southern shore.

Gaps in renewable energy feasibility assess-
ment: The current framework does not provide
a detailed methodology for assessing the energy
consumption of desalination plants operating in
ZLD or MLD or their compatibility with renewable
energies. This analysis is crucial for determining
the economic viability of a project and reducing
greenhouse gas emissions.

Lack of monitoring and dynamic adapta-
tion: While environmental monitoring of brine
discharges is planned, it remains limited in
duration and frequency, which can lead to an
underestimation of long-term impacts. Fur-
thermore, there is a lack of a dynamic adjust-
ment framework based on new scientific and
technological advances to improve the envi-
ronmental performance of desalination plants.

Need for transboundary pollution assessment
and cumulative impact assessment: Seawater
desalination activities are very concentrated in
the Mediterranean zone and would likely continue
to increase. The UNEP and its guidelines advo-
cate for transboundary impact assessment. Ne-
vertheless, such studies are lacking in scientific
literature and reports made by competent inter-
national institutions. Likewise, it is fundamental
that guidelines are updated to enable the man-
datory proceeding of cumulative environmental
impact assessment underpinned by seawater de-
salination and other maritime activities.
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Overview of the development status of the de-
salination sector in Mediterranean countries
and the national legal framework administra-
ting the sector

al Tunisia
Sector context

Tunisia has limited and unevenly distributed water
resources across the country. Drought caused by cli-
mate change and population growth are major factors
exacerbating water stress. In 2014, water availability
per capita per year was 440 m3, while the minimum
considered by the UN is 1000 m3. The Water Sec-
tor Strategy for 2050 was designed by the national
seawater desalination agency to moderate geogra-
phic disparities and mitigate the imbalance between
water supply and demand. The strategy envisages
desalinating 265 million m3 by 2050. The implemen-
tation of programs to develop the desalination sec-
tor, under the strategic framework, is led by the Mi-
nistry of Agriculture and the Tunisian National Water
Development and Distribution Company (SONEDE).
Currently, three seawater desalination plants are in
operation (one in Djerba, which was commissioned in
2018, as well as the Sfax and Zarat plants, which were
inaugurated in 2024). Three additional plants will be
built in 2025 (Sousse, Zarzis, and Mahdia plants).

Legal framework

In Tunisia, seawater desalination activities are go-
verned by a solid legal framework aimed at limiting
their environmental impact. The National Seawater
Desalination Agency, created by a Decree, has the
role of managing plant construction and launching
strategic policies to develop the sector. The Water
code amended by Law No. 2001-116 of November 26,
2001, asserts that the desalination of brackish, salty,
and seawater must be carried out using technologies
that reduce pollution from production residues and
mineral concentrations. This legislation also encou-
rages the development of a national sustainable wa-
ter management policy, including the rationalization
of consumption, the development of water resources,
and the integration of treated wastewater into the
agricultural and non-agricultural. Furthermore, De-
cree No. 2005-1991 requires desalination units to
carry out an environmental impact study (figured in
Annex | of the Decree). Regarding brine discharges,
the Water Code (Law No. 75-16 enacted on March 31,
1975) and its amendments prohibit any discharge, in-
cluding brine, into groundwater or other zones having

an ecological and economic importance. The objec-
tive is to conserve freshwater resources, ensure pu-
blic health, preserve sensitive marine areas and pro-
tect vital economic sectors such as coastal tourism .
This regulatory framework aims to ensure a balance
between the development of desalination and the
preservation of aquatic ecosystems in Tunisia. Also,
Article 6 of Decree No. 2005-1991 on environmen-
tal impact studies imposes the obligation to reduce
or eliminate the harmful effects of an activity, or to
compensate for damage caused to the environment
by industries. Decree N0.2002-335 impose to assess
Ph, temperature, chemical concentration and salinity
variation induced by brine effluents. Thus Tunisian
legal framework encourages the adoption of solu-
tions aimed at limiting the environmental impacts of
desalination, particularly by encouraging the reduc-
tion or elimination of brine discharges. This approach
creates an environment conducive to the development
of advanced technologies, such as MLD and ZLD.

b] Algeria
Sector context

Algeria ranks second in the Mediterranean region in
terms of freshwater production seawater desalination
plants with medium to high capacity, between 20,000
and 125,000 m3 /day. The country accounts for 20%
of the region’s total RO desalination capacity, behind
Spain. To address water stress, meet industrial
needs, and cope with demographic pressure, Algeria
has focused on desalination for nearly twenty years,
particularly in the cities of the north of the country.
With a vast coastline of 1,200 km, the country has 21
desalination plants (2024 data) in operation and seven
more under construction, providing 17% of the water
consumed and supplying 6 million people. Mactaa de-
salination plant, located in the Wilaya of Oran in the is
among the biggest RO station worldwide with a capa-
city of 500,000 m3 /day.

Legal framework

In Algeria, the legal framework governing seawater
desalination activities is based primarily on a series
of executive decrees and sector-specific laws that
frame permits grants, ensure environmental protec-
tion, and regulate brine discharges.

The construction of desalination plants is authorized
by executive decrees. The management and develop-
ment of technical standards are handled by the Mi-
nistry of Water Resources, notably through the Desa-
lination Directorate, as specified in Executive Decree



No. 16-88 of March 1, 2016. Desalination activities
require a water resource use concession, in accor-
dance with Executive Decree No. 11-220 of June 12,
2011, which triggers an environmental impact as-
sessment as a prerequisite (Article 7). More broadly,
the framework for impact assessments in Algeria
is governed by Executive Decree No. 07-145 of May
19, 2007 and its amendments, which define the ap-
proval procedures for environmental impact assess-
ments and notices applicable to designated projects.
Although, it is not clear whether desalination plants
are within the scope of this regulation or not. Fur-
thermore, coastal and environmental protection is
ensured by Law No. 03-10 relating to environmental
protection within the framework of sustainable deve-
lopment, which imposes prevention and control mea-
sures from all pollution sources altering marine habi-
tats. These laws aim to limit the ecological impact of
seawater desalination by regulating brine discharges.
In addition, Algerian standards confine chemical and
brine concentration released into the sea. The natio-
nal standards set notably a limit of 35500 mg/L for the
salinity, 10 mg/L for the discharge water display and
120 mg/L for the hydrocarbons.

¢] Morocco
Sector context

Seawater desalination in Morocco is part of a strate-
gicvision aimed at addressing the growing challenges
associated with the scarcity of water resources, exa-
cerbated by the effects of exceptional drought and a
particularly worrying water deficit in certain regions.
In this context, the government launched the Natio-
nal Program for Drinking Water Supply and Irrigation
2020-2027, which prioritizes the development of de-
salination as a sustainable solution to secure access
to water resources and support domestic, agriculture
and industrial uses. It is worth noting that most of the
desalination units are alongside the Atlantic shore.

Legal framework

Seawater desalination is framed by several laws to
foster its sustainable and environmentally friendly
development. Water Law No. 36-15 frames desali-
nation activities and “establishes the rules for inte-
grated, decentralized, and participatory management
of water resources” (translated quote). It mandates
environmental impact studies to be conducted before
any project susceptible to harm to the hydric public
domain, in order to assess the effects on ecosystems,
and socio-economic uses. Law No. 12-03 on Envi-
ronmental Impact Studies reinforces this require-
ment by mandating post-commissioning monitoring
to ensure the effectiveness of mitigation measures.

This framework seems to pertain indirectly to the
desalination sector. Indeed, the annex of the former
law doesn’t specify that desalination units are sub-
ject to EIA, but any evacuation activities on marine
ecosystem must be assessed and consequently may
comprehend seawater desalination industries. Fur-
thermore, Law No. 81-12 on the Coastline advocates
for the integrated management of coastal zones, and
aims to prevent coastal and marine habitats degra-
dation, including due to brine discharges, and ensure
its rehabilitation. Decree No. 2-04-553 of 2005 and a
joint ministerial order passed in 2013 set general li-
mit values for discharges into surface or groundwater
and regulate all industrial discharges likely to alter
the physical, including thermal and radioactive, che-
mical, biological, or bacteriological, characteristics of
surface or groundwater. However, these frameworks
do not specify whether surface water includes seawa-
ter or not. Otherwise, Dahir No. 1-12-25 (August 2,
2012) promulgating Law No. 23-12 amending Law No.
28-00, calls for the recovery of industrial waste and
could then serve as a legal basis for promoting ZLD-
MLD. To summarize, Moroccan regulations aspire to
develop seawater desalination from a sustainable de-
velopment angle, reconciling water security with the
preservation of marine and coastal ecosystems.

d] Italy
Sector context

In Italy, there are 216 RO desalination plants opera-
ting in Italy based on the DesalData Database. Ac-
cording to the IDRA (International Desalination and
Reuse Association World Congress), they are mainly
plants operating with low capacity (less than 10,000
m3 per day), except for the Sarroch plant in Sardinia
and Calabria, which have a capacity of 12,000 m3 and
18,000 m3 per day, respectively. Desalination plants
are planned in Puglia and Sicily with a capacity excee-
ding 50,000 m3 per day.

Legal framework

Italian legislation has gradually evolved to regulate
brine discharge from desalination plants in response
to climate change and dwindling water resources.
The main legal frameworks are:

e Law 152/2006:
This law primarily regulates the discharge of industrial

and municipal wastewater into the sea and sets a Total
SuspendedSolidslimitof 80 mg/Lneardischarge point.
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It addresses pollution generated by brine disposal by
setting a salinity limit to protect mollusk life, stipu-
lating that the increase in salinity near a discharge
point must not exceed 10% of the natural salinity
of seawater. However, it does not clearly define the
extent of the mixing zone.

e Law 60/2022:

This is the first Italian law requiring an Environmental
Impact Assessment (EIA) for desalination plants. All
facilities must obtain authorization through an EIA for
their construction and discharge operations.

e Law 39/2023:

In a context of increasing water scarcity, this law li-
mits the EIA requirement to desalination plants with
a production capacity greater than 17 280 m3 per day.
It introduces a stricter limit on brine discharge com-
pared to the 2006 law and defines the Italian regula-
tory mixing zone:

Within 50 meters of the discharge point, the increase
in salinity must not exceed 5% of the natural salinity
of seawater.

Effluent discharge is strictly permitted only at sea and
prohibited in freshwater. Other chemical parameters
remain in compliance with Law 152/2006, except for
sulfates and chlorides present in brines, which are
regulated separately.

In summary, Italy frames brine discharge through
laws on industrial wastewater (152/2006) and envi-
ronmental impact assessments legislation (60/2022,
39/2023). Regarding salinity limits, discharged brine
must not increase salinity by more than 10% near the
discharge point, and at 50 meters, the increase must
not exceed 5%. Large facilities are required to conduct
an EIA, while smaller (less than 17 280 m3/jour) ones
are exempt. Brine discharge is only permitted at sea
and is prohibited in groundwater or fresh surface wa-
ter.

el Egypt

Sector context

The Egyptian water desalination program, adopted
as part of the implementation of the National Water
Strategic Framework, aims to increase total desali-
nation capacity from 3.35 million m3 (Mm3) per day
(2024) to 8.85 Mm? per day by 2050. This program
seeks to attract strategic foreign and local inves-
tors to finance, build, and operate this infrastructure
while using renewable energy. This program is com-
plemented by other initiatives aimed at decarbonizing
the desalination sector. Indeed, thanks to the program

entitled «Water Desalination using Renewable Ener-
gy,» five desalination plants powered by renewable
energy, financed by public-private partnerships, are
planned in the coming years. On the Mediterranean
coast, the establishment of three desalination plants
is planned in the cities of Port Said, Ras El Hekma,
and Alexandria, with respective capacities of 100,000,
50,000, and 125,000 m3 per day.

Legal framework

The legal framework for the sector is based on Law
No. 147 of 2021 on Water Resources and Irrigation,
which governs water management and desalination,
as well as Law No. 4 of 1994 on the Environment,
amended by Law No. 9 of 2009, which regulates the
management of waste and industrial dischargesin or-
der to limit the environmental impact of desalination
projects. This law, supplemented by Decree No. 338 of
1995, requires an environmental impact assessment
(EIA) before issuing any permit for a new project or
the expansion of an existing facility. The EIA must as-
sess water sources and uses, discharges from desa-
lination plants, and options for reuse and treatment
of brine prior to discharge. In addition, the legislation
prohibits any discharge into the marine environment,
including brine, within 500 meters of the coastline.
The discharge of brine into fishing areas, bathing
areas, and nature reserves is prohibited in order to
preserve the economic, ecological, and esthetic value
of the sites.

f] Greece
Sector context

Greece is among the Mediterranean countries coun-
ting the most of operating seawater desalination
plants behind Spain and Italy. Indeed, "more than
160 desalination plants operate in Greece with a total
production of more than 150,000 m3/day. In terms of
supply water, 56% is seawater, while 41% is bracki-
sh water. As far as the use of the produced desali-
nated water in Greece is concerned, 48% is the supply
of municipalities, 31% covers industrial needs, 16%
covers tourist requirements, with the remaining 5%
covers the needs of energy production plants and the
needs of the Greek military. Reverse osmosis is the
most popular desalination process in Greece, as 75%
of the desalinated water is produced by reverse os-
mosis desalination units. Desalination units on the
islands are of small capacity ranging from a few hun-
dred cubic meters per day to a few thousand cubic
meters per day. The largest part of the desalination
systems is operating on islands serviced by isolated
electricity grids. These grids in most cases are powe-
red by diesel/oil generators. The rest are installed in
interconnected islands. The interconnection is rea-
lized using submerged cables.”



Legal framework

In Greece, seawater desalination is regulated by na-
tional laws, Ministerial Decree (MD) Joint Ministe-
rial decrees (JMD) designed to manage water use
and control environmental impacts. With regards
to environmental protection, brine discharge, and
EIA, the Law 1650/1986 sets out the principles for
protecting the environment, complemented by Law
3010/2002, Law 4014/2011 and JMD 5688/2018,
which defines the permitting procedures and clas-
sifies projects according to their environmental im-
pact. Moreover, JMD 18186/271/1988 and its amend-
ments set limit Values and restrictions with regards
to dangerous substances contained in wastewater.
JMD 15393/2332/2002 (L1022), JMD 13727/5.8.2003
(L1087), MD 145799 (L1002)/2005 and their amend-
ments categorize public and private projects and ac-
tivities in view of their environmental impacts. Faci-
lities producing 100 m3/day or more are considered
high-risk and must undergo a strict EIA process;
those producing less than 100 m3/day follow a lighter
regime with general protection standards, and faci-
lities producing 10 m3/day or less for municipal use
may be exempt if they meet technical and environ-
mental requirements. Public-interest projects benefit
from simplified procedures. JMD 69269/5387/1990,
JMD 75308/5512/1990 and their amendments set the
requirements for EIA content and ensure public ac-
cess to information. Brine discharge requires a spe-
cific permit (MD 221/65), issued after an assessment
of potential impacts on marine ecosystems. Laws
2742/1999 and 3044/2002 require the preservation of
protected areas and fragile ecosystems within water
management plans. Law 3199/2003, which trans-
poses the EU Water Framework Directive (2000/60/
EC), introduces river basin management and, com-
bined with MD 43504/2005, allows for permits to
use seawater with a validity of up to ten years. The
construction and operation of desalination plants re-
quire a site permit (with exemptions for small units),
an operating permit reviewed every five years, a brine
discharge permit (MD 221/65 and its amendments),
as well as comply with potable water standards (JMD
Y2/2600/01, JMD 38295/2007) and port or coastal use
authorizations (Law 2971/2001).

g) Spain
Sector context

Spain is the European leader in seawater desalina-
tion, with around 770 plants in operation. The majo-
rity of these are large-scale facilities with a capacity
exceeding 10,000 m3/day. The largest is located in
Torrevieja, producing about 240,000 m3/day, followed
closely by the Aguilas plant at around 210,000 m%/day.
Most plants use reverse osmosis technology.

Legal framework

The country’s desalination activities are governed by
a well-structured legal regime aligned with European
directives. Real Decreto Legislativo 1/2001- Ley del
Aguas classifies desalinated water as a public re-
source and places desalination facilities under an au-
thorization regime managed by the Watershed Basin
Authorities (Confederaciones Hidrogréficas). These
authorities systematically require an EIA for any si-
gnificant desalination project. This obligation is rein-
forced by Ley N° 21/2013 - Ley de Evaluacién Ambien-
tal amended by Ley N° 9/2018, which transposes EU
directives (Directive 2011/92 as amended by Directive
2014/52/EU) and makes an EIA mandatory for projects
with a capacity greater than 3,000 m3/day. Additional-
ly, Ley 10/2001, de 5 de Julio, del Plan Hidroldgico
Nacional calls for integrated water resources mana-
gement, including desalination plants, and defines
desalinated water as an alternative resource to be
included in Watershed basin management plans. Ley
de Costas (1988]) and its amendments require permits
to allow brine dumping into the sea and set cap values
of chemicals and other contaminants to preserve ma-
rine biodiversity.

One major regulatory gap is that Spanish law does
not set explicit national limits on brine salinity or che-
mical composition. However, project authorizations
and Environmental Monitoring Plans (EMPs] clear-
ly include mitigation measures. These EIA and EMP
requirements could serve as a legal basis to foster
the adoption of MLD and ZLD practices in Spain. Mo-
reover, the 2023 Plan Bleu report “Des mesures pour
atténuer les risques et impacts environnementaux”
indicated that Spanish environmental authorities
set a critical salinity threshold of 38.5 PSU in ElAs to
protect Posidonia oceanica seagrass meadows. For
brine dispersion, salinity near the diffusers must not
exceed 1 g/L within a mixing zone limited to 400 m
or more. To meet these standards, multi-port diffu-
sers are recommended as a standard measure, so-
metimes combined with seawater bypassing or co-lo-
cation with other facilities (such as power plants or
wastewater treatment plants) to ensure rapid and
effective dilution. The report also underscored that
«comprehensive monitoring programs should be
implemented to assess the distribution of the brine
plume over time and to detect any predicted salinity
anomalies. These programs should cover different
parameters, including physical factors (temperature,
salinity, turbidity, pH, conductivity, TSS) and chemical
factors (minerals, metals, oxygen, carbon, nitrogen,
fluorides, chlorides, nitrates, sulfates, organic mat-
ter, hydrocarbons), as well as microbiological ana-
lyses.» (translated quote]
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h] Libya
Sector context

In 2018, Libya had about 21 desalination plants in
operation, with a combined production capacity of
roughly 525,680 m3 per day, and until 2002, desalina-
tion accounted for around 1.4% of the country’s local
water supply. Libya has relied on thermal desalina-
tion since the 1960s and 1970s and almost 95% of the
existing facilities use thermal processes, mainly mul-
ti-stage flash (MSF), while only about 5% operate with
RO technology. However, the desalination sector is fa-
cing several issues. Since the Arab Spring revolution
of 2011, some units are unfunctional due to limited
maintenance. Besides that, according to some impact
assessment studies, environmental regulations need
to be updated to frame effectively brine disposal and
to protect marine and coastal areas.

Major national legal gaps and challenging Implemen-
tation of LBS protocol at local scales:

The practical implementation of the regional
framework in Mediterranean countries is positive but
raises some challenges. Indeed, the supranational
instruments primarily define general principles and
obligations, leaving States responsible for translating
them into precise technical regulations at the local
level. However, in countries such as Tunisia, Alge-
ria, Egypt, Greece, Spain, and ltaly, the obligations
to use specific techniques to mitigate the effects of
brine discharges, such as the mandatory installation
of multi-port diffusers to optimize brine dispersion
in the marine environment, are not clearly specified
in national legislation. Rather, these countries’ legis-
lative texts contain provisions, subject to interpreta-
tion, that directly or indirectly call for the use of the
best techniques to reduce environmental impact. Al-
though, even if the national framework doesn’t clearly
request using, for example, multi-port diffusers, they
are employed in practice by all referenced countries.
Similarly, even though these countries have deve-
loped rigorous legal frameworks, the effectiveness of
their implementation fluctuates considerably due to
uneven institutional and technical capacities, as well
as sometimes insufficient levels of enforcement and
monitoring. Moreover, UNEP guidelines, although fol-
lowed in principle by all these States, are generally
not legally binding; they are limited to guiding envi-
ronmental assessments without always guaranteeing
the rigorous application of the best available techno-
logies or the strict implementation of regular monito-
ring measures. Thus, from my point of view, the main
challenge lies in the gap between regional ambitions
and local realities, with a growing need for technolo-
gy transfer, harmonization of specific technical stan-

dards, and improvement of regional-national moni-
toring and effective control systems. Despite those
gaps, countries from both South and North shore
are in general using the best techniques to reduce
environmental impacts but monitoring data are still
lacking to draw a clear picture on the effectiveness of
regulatory measures to meet marine environmental
quality standards.

Overview of the environmental impacts of
seawater desalination in Tunisia

Djerba Desalination Plant

An EIA has been published by the Tunisian govern-
ment regarding the Djerba seawater desalination
plant. Commissioned in 2018, this facility has a daily
production capacity of 50,000 m3 (expandable to
75,000 m3). It uses a 4,900-meter(m) pipeline (2,300
meters onshore and 2,600 meters offshore) with a
width of 1,500 mm to minimize environmental im-
pact. The brine discharge pipeline includes 21 diffu-
sers spread across 100m to enhance dispersion and
mitigate the impact on benthic fauna and flora. The
assessment specifically considers the impact on Po-
sidonia seagrass meadows and outlines mitigation
measures. The goal is to ensure the brine discharge
does not exceed a salinity threshold of 45000mg/L,
protecting these seagrasses which cannot tolerate
higher salinity levels. The EIA evaluates salinity levels
at distances of 100m and 200m from the discharge
point, determining how far the 45000mg/L threshold
extends and the affected areas. The daily brine
discharge volume into the marine environment is ap-
proximately 61,112 m3. Although the Tunisian stan-
dard NT. 106.002 (1989) does not set specific marine
salinity discharge limits, careful monitoring is essen-
tial to protect marine ecosystems. Furthermore, the
assessment reported that approximately 1,556 kg/
day of sludge is generated from filter cleaning, with
a concentration of 25 mg/L in the brine discharge,
below Tunisia’s 30 mg/L standard. Other key pa-
rameters assessed include water conductivity, heavy
metal and chemical concentrations, pH levels, water
temperature, and dissolved oxygen, whose solubility
decreases as salinity rises. The oxygen saturation
measured around 8 mg/L is acceptable, as aquatic life
balance is significantly disturbed below 5 mg/L. An
evaluation conducted in 2020 recorded temperatures
of 30.5°C in summer and 22°C in winter, a pH of 8.1
(within the standard 6.5-8.5 range), and a suspended
solids concentration of 19 mg/L (below the 30 mg/L li-
mit). Other than that « the electrical energy consump-
tion of the Djerba seawater desalination plant re-
presents about 14% of the region’s total electrical
energy consumption. Also, the desalination plant is
responsible for the release of a large quantity of brine



amounting to 58 tones/day. Even though the desali-
nation station has planned long pipes to carry out the
rejects in depth, it remains essential to monitor the
composition of this brine in advance to avoid a dete-
rioration of the marine space». Otherwise, follow-up
evaluations corroborate that the physicochemical and
bacteriological composition of brine discharge com-
plies with Tunisian waste discharge standards.

Sfax Desalination Plant

A governmental EIA has been published to assess the
environmental impacts of the Sfax desalination plant
and other planned facilities in the Sfax region (Gulf
of Gabés). The project aims to inaugurate 4 desali-
nation plants (Sfax, Djerba, Zarat, and Kerkennah) in
the Gulf of Gabes, reaching a combined daily capacity
of 381,000 m?3 by 2030. The study of brine dispersion
uses a combination of hydrodynamic modeling and
environmental analysis to evaluate the gradual dis-
persion of the hypersaline plume. Findings indicate
that salinity exceeds 45000mg/L within a 200m ra-
dius, surpassing the tolerance threshold of Posidonia
seagrass, vital to marine biodiversity. The total im-
pact on seagrass is estimated at a loss of 16.2 hec-
tares—11.2 hectares due to underwater infrastruc-
ture and 5 hectares impacted by brine dispersion. The
ElA also examines marine impacts from water extrac-
tion volumes across the entire Gulf, finding desalina-
tion plants’ extraction represents only 0.6% compared
to the Gulf’s natural evaporation rate of 58.8 million
m3/day, thus limiting overall impact. Furthermore,
the Kerkennah plant, located 40 km away, does not
intersect with Sfax discharge, minimizing cumula-
tive effects. Nevertheless, mitigation measures are
required to limit negative impacts on local artisanal
fishing, such as optimizing discharge locations and
implementing economic compensation mechanisms
inspired by best practices, notably those used by Bri-
tish Gas in the region.

The marine discharge pipeline employs a multi-port
diffuser head that dilutes brine to 48 400mg/L before
settling on the seabed, significantly reducing local
environmental impacts. However, this dilution strate-
gy is not considered a mitigation measure but rather
part of the project’s original concept. To further di-
lute brine, two additional measures are proposed: 1)
utilizing the brine discharge in Thyna's salt flats to
recover and valorize salts, and 2) treating the brine
at a nearby wastewater treatment plant. Neverthe-
less, these solutions are not feasible during the pro-
ject’s initial phase, making some impact around the
discharge point inevitable. During operation, brine
salinity will decrease to approximately 1000 mg/L
beyond 750 meters from the discharge point, deemed

safe for human activities. The definitive impact zone
around the discharge is estimated at 5 hectares, re-
latively small compared to the region’s total seagrass
area. To further mitigate impacts, several measures
are proposed, including installing artificial reefs to
protect seagrass and prevent mini-trawl fishing—a
practice already employed in the Gulf of Gabés. An-
ti-turbidity protections will be implemented during
construction, and financial compensation for local fi-
shermen is also considered. Water quality will be re-
gularly monitored during construction and operation,
measuring turbidity, pH, temperature, and conducti-
vity. Post-operation monitoring will occur twice a year
in the first year and annually for the subsequent two
years at the discharge point. The EIA in Tunisia show
positive outcomes and corroborated the engagement
of Tunisia to use the best techniques to reduce the
impact of seawater desalination on marine environ-
ment.

Opportunities to promote the viability of
seawater desalination in the Mediterranean
basin:

al Study of the development challenges of
renewable energy-powered units based on
recent techno-economic feasibility studies

On a commercial scale, desalination plants powered
exclusively by renewable energy sources are still re-
latively uncommon. However, several projects are de-
monstrating their feasibility. In Saudi Arabia, for exa-
mple, a solar-powered facility using reverse osmosis
has a capacity of 60,300 m3/day, expandable to 90,000
m3/day.

The Mediterranean countries have significant re-
newable energy potential to lower the carbon footprint
of desalination activities, thanks in particular to: solar
energy (photovoltaic and thermal), particularly abun-
dant in the southern countries, with an estimated cost
of between 5 and 6 US cents/kWh for photovoltaic;
wave energy (with pilot projects underway in Spain
and Italy to power desalination); wind and geothermal
energy (the former is already in use in Greece). In
this regard, it is worth noting that desalination based
on membrane technology requires electrical energy
from specific renewable sources (such as wind, ma-
rine energy, solar, etc.), while thermal desalination
processes (such as MSF and MED) require thermal
energy that only biomass, solar, or geothermal ener-
gy can provide. Thus, each desalination process re-
quires suitable renewable energy sources. (see fig.1
in Annex)
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Desalinating water for 100 to 200 million people in
the Mediterranean region would require between
14.2 and 28.4 GW of photovoltaic capacity, which so-
lar power could largely offset, particularly in southern
countries given their high potential. Several studies
have evaluated the costs of reverse osmosis (RO) de-
salination powered by solar energy, particularly pho-
tovoltaics (PV), compared to concentrated solar ther-
mal power (CSP):

According to a 2015 GIZ study, a grid-connected
RO-PV plant without battery storage costs between
€0.84/m? and €1.00/m3 in North African and Middle
Eastern countries. This cost rises to €1.94/m3 for an
off-grid RO-PV plant with battery storage. These fi-
gures remain higher than the average cost of conven-
tional desalination plants, estimated at U5$0.98/m3
according to a World Bank study (2019). However, the
latter anticipates a continued decline in the costs of
desalination powered by renewable sources.

According to the World Bank, in southern Mediter-
ranean countries with high CSP potential, the cost
of RO-CSP desalination is between US$1.50 and
US$1.74/m3, compared to an estimate of €1.42/m?3
by GIZ. Furthermore, the World Bank suggests that
combining CSP and RO with thermal technologies
such as Multi-effect distillation (MED) or Multi-stage
flash (MSF) could further reduce costs in arid or se-
mi-arid areas.

In Morocco, a study in the Agadir region shows that a
275,000 m3/day seawater desalination plant powered
by solar PV and connected to the grid achieves a com-
petitive cost of US$0.98/m3, compared to US$1.14/
m? for a plant combining PV, storage batteries, and
connection to the national electricity grid. A RO-CSP
plant, with storage and connection to the grid, has a
cost of approximately US$1.13/m3. These costs are
competitive compared to those of plants powered
solely by the Moroccan national grid, which is still lar-
gely dependent on fossil fuels. In this context, powe-
ring a seawater desalination plant with stand-alone
PV panels while connecting it to the grid (US$0.98/
m3) currently seems the most financially optimal op-
tion for southern Mediterranean countries. However,
most of these studies do not take into account the
future evolution of the cost of desalination coupled
with a fully decarbonized electricity grid. In Morocco,
the gradual decline in the cost of solar electricity and
the gradual decarbonization of the grid could lead to
a lasting decrease in tariffs. This dynamic could call
into question, in the long term, the viability of hybrid
models (stations powered by autonomous PV panels
coupled with a connection to the national electricity
grid), particularly if the resale of electricity during
peak periods becomes less profitable. It is therefore
crucial to develop long-term energy management

strategies for these installations. This involves desi-
gning sustainable financial models, capable of maxi-
mizing the resale of surplus electricity during peak
periods, while purchasing electricity at preferential
rates during periods of low sunshine. This type of
strategy, based on the arbitrage between own pro-
duction, storage and interaction with the electricity
market, could offer a balance between decarboniza-
tion, economic viability and operational resilience.
Future studies will have to integrate these dynamic
hybrid models into their feasibility analyses. It is also
recommended that techno-economic assessments
focus on the viability of desalination connected to a
national grid undergoing decarbonization.

Furthermore, the Spanish example is particularly
edifying. With an electricity mix composed of approxi-
mately 77% low-carbon energy sources (renewables
and nuclear) in 2024, Spain is a benchmark for eva-
luating the integration of solar power into a decar-
bonized grid. A recent study of several Spanish de-
salination plants establishes that the combination of
stand-alone PV panels with a national grid connection
constitutes, as in Morocco, the most efficient option
from a technical and economic perspective. The stu-
dy highlights that in the Segura basin, projects have
been launched to increase seawater desalination
capacity by adding solar PV panels, in order to meet
agricultural needs while reducing the cost per cubic
meter. At the Torrevieja plant (production: 120 hm3/
year), the addition of 60 to 120 MW of photovoltaic
panels allows to reduce energy costs from €0.21 to
€0.17/m3 (-17%).

The system is based on a self-consumption model
with the resale of surplus energy to the grid and the
purchase of electricity when needed, which allows
for maintaining a high proportion of solar energy
while optimizing costs. The Valdelentisco and Agui-
las plants show similar results with PV installations
ranging from 80 to 165 MW: In Valdelentisco, the en-
ergy cost drops from €0.25 to €0.20/m3 (-18%); and in
Aguilas, the same reductions are observed.

Simulations conducted for these three sites reveal
a significant reduction in the average annual water
cost:

. Torrevieja: from €0.4283 to €0.327/m3;
e Aguilas: from €0.4856 to €0.396/m3;
e Valdelentisco: from €0.4445 to €0.378/m3.

In result, integrating PV solar energy dropped " the
cost of desalinated water by up to 24%, which makes
the cost of water affordable for agricultural use in
areas with productive agriculture, reaching less than
0.4 EUR/m3 in basins such as Segura”. These findings
are in line with those observed in Morocco and tend



to validate that coupling an autonomous photovoltaic
plant with a connection to the electricity grid is cur-
rently one of the most efficient solutions for reducing
desalination costs, while promoting the energy tran-
sition. However, desalination powered by connection
to the decarbonized electricity grid could be financial-
ly more attractive in the long term, especially when
the grid becomes completely decarbonized, which
also saves the installation of expensive PV panels
to power desalination plants semi-autonomously, as
highlighted in the above-mentioned studies. Indeed,
the Spanish context differs from the Moroccan one:
although the Spanish electricity mix is highly de-
carbonized, it relies on several types of low-carbon
technologies (wind, nuclear, etc.), on European inter-
connections and on high energy demand. Conversely,
Morocco benefits from immense solar potential, a re-
latively low photovoltaic production cost and a lower
energy demand. It is therefore likely that a fully de-
carbonized Moroccan electricity grid would eventually
become more competitive than Spain’s, given the ge-
neral downward trend in solar electricity prices glo-
bally. These findings demonstrate the value of further
research on plants connected to highly decarbonized
grids, considering possible public support (subsidies,
preferential tariffs, etc.). This approach would better
steer policies toward sustainable models adapted to
local realities, particularly for countries on the sou-
thern shore with enormous potential for harnessing
solar energy. This in no way diminishes the strategic
value of stand-alone desalination plants powered ex-
clusively by solar energy, particularly in island or iso-
lated areas with very sunny weather (e.g., the Canary
Islands, Pantelleria, Greek islands), where they may
prove more economically viable than grid connec-
tions. Furthermore, strategies should be identified to
reduce the costs of storage batteries, in particular, by
favoring sodium batteries which appear economical-
ly competitive, have a lower environmental footprint
than other types of batteries and are compatible with
seawater desalination. A regional study conducted
on a Mediterranean scale highlighted the strategic
importance of energy storage for desalination plants
powered by autonomous solar energy. Storage, parti-
cularly via batteries, reduces overall costs (because
without storage CAPEX in renewable energy could
be significantly higher to reach the same volumes
of water which contrasts to the quoted GIZ study),
and it also plays a crucial role in the stability of the
electricity system. Modulated control, combining bat-
teries and pumping tanks, would make it possible to
achieve up to 70% autonomy. However, this stability
does not rely solely on batteries: maintaining stations
connected to the national grid, combined with regio-
nal cooperation mechanisms and interconnection of
grid infrastructures, appears essential to adjust elec-
tricity production and guarantee the resilience of the

system. In the long term, for these grid-connected
plants, priority must be given to the complete decar-
bonization of electricity mixes to reconcile affordable
water production and energy transition.

In brief, sustainable decarbonization of desalination
while optimizing costs requires:

e connecting plants to carbon-free national electri-
city grids;

e developing hybrid models with dynamic strate-
gies for managing on and off-peak production;

e and adopting stand-alone solutions in island or
remote areas, all accompanied by targeted pu-
blic support mechanisms such as subsidies.

b] Study of the challenges of developing brine
discharge treatment and recovery techniques
from a MLD-ZLD perspective in the Mediter-
ranean

Several valuable minerals could be economically af-
fordable to extract from seawater (see fig.2). That ex-
traction is called “brine mining” and is done through
MLD or ZLD approaches that enable to attenuate or
eliminate brine discharge while harvesting minerals
in a circular approach.

A study concretely demonstrates the technical, eco-
nomic, and environmental feasibility of implemen-
ting ZLD and MLD systems to eliminate or reduce
brine discharge and recover it in a circular approach.
Conducted using data from the Eastern Mediter-
ranean, it is of major strategic interest, as it highlights
evidence for considering more sustainable desalina-
tion solutions at a regional scale.

The study compares two hybrid desalination systems
using membrane technologies, FO and RO, from an
MLD (Minimal Liquid Discharge) and ZLD (Zero Li-
quid Discharge) perspective. Both aim to reduce or
eliminate brine discharge into the sea, while reco-
vering freshwater and extracted by-products. FO is
among the membrane technologies that has less en-
ergy consumption than many MLD technologies and
is compatible with RO. In both configurations, FO is
the most efficient technology for water recovery (ap-
proximately 80% in the MLD case and 98% in the ZLD
case of seawater is desalinated), surpassing the reco-
very rate of reverse osmosis (RO) limited by osmotic
pressure. The ZLD system, thanks to the integration
of thermal processes such as Brine Concentrator
(BC) and Brine Crystallizer (BCr], makes it possible to
produce ultrapure water (<50 mg/L of dissolved solids
- TDSJ, meeting the strict requirements of industrial
sectors such as pharmaceuticals, microelectronics or
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high-precision processes. Conversely, the MLD sys-
tem, based solely on membrane processes, produces
water of lower purity (<500 mg/L TDS), but sufficient
for standard domestic or agricultural uses. In terms
of discharges, ZLD produces a solid salt residue (<1
m?3/day), while MLD generates a concentrated brine
(<18 m3/day), whose composition of sodium chloride,
calcium carbonate, or magnesium chloride opens
prospects for recovery in several industrial applica-
tions.

In terms of energy consumption, ZLD is more deman-
ding (10.36 kWh/m3) than MLD (6.74 kWh/m?3], due to
the complexity of the added thermal processes.

From an economic perspective, the cost of water is
slightly higher in ZLD (USD 0.79/m? compared to USD
0.72/m3 for MLD], but the revenue generated is also
higher, particularly thanks to the recovery of solid
salt. Both systems are generally competitive com-
pared to conventional brine disposal solutions (such
as deep well injection). Net daily revenues are a bit
higher for the ZLD (228.4 US$ per day) than for the
MLD (195.3 US $ per day), due to the larger volume of
recovered water and the ability to recover solid salt.
These data show that the benefits of brine recovery
outweigh the costs of the ZLD or MLD processes (see
Fig. 4 and 5). Moreover, Sodium Chloride recovered by
MLD-ZLD brine treatment could constitute raw mate-
rial for sodium batteries. Further research would be
relevant to evaluate the opportunity to harvest “brine
mining” for sodium batteries which are very promi-
sing to foster a sustainable energy transition. Finally,
CO; emissions, directly linked to energy consumption,
are higher for the ZLD (6.81 kg CO,/m3) than for the
MLD (4.35 kg CO,/m?3), but lower than those of conven-
tional thermal technologies. Combining them with
renewable sources would further improve their envi-
ronmental footprint and even lower costs.

However, it is important to highlight an important Li-
mitation of the presented techno-economic study: it
is based on the analysis of a desalination unit opera-
ting in MLD/ZLD mode with a modest daily flow rate
of 100 m3/day. Although the results demonstrate that
brine recovery is not only technically feasible but also
economically beneficial and energetically optimized
at this scale, uncertainties remain regarding the
transposability of these results to larger-scale instal-
lations. Indeed, the extension of such strategies to in-
dustrial units raises the question of the scalability of
the technologies, particularly in terms of membrane
reliability, energy costs and performance stability
under variable conditions. That said, a recent study
qualifies this reservation and highlights the technical
possibilities of integrating FO into large-scale hybrid

desalination systems. This technology has several
decisive advantages: it is compatible with reverse os-
mosis (RO, it consumes significantly less energy than
thermal processes, as well as most membrane based
technologies [see Fig.3), and it allows for a reduction
in the operational costs (OPEX) of desalination units.
In theory, it is technically feasible to treat only a frac-
tion of the seawater, for example 35% via RO, while
the remaining 65% would be treated by FO, which
would allow high recovery rates to be achieved in an
MLD approach, while limiting the osmotic pressure
and therefore the energy requirements of the RO sys-
tem. This strategy, already proven for the treatment
of certain complex industrial effluents (mining waste,
effluents from the textile and pharmaceutical indus-
tries, etc.), remains to be demonstrated for seawater.
In the mentioned study, it is shown that hybrid sys-
tems integrating FO and RO can treat considerable
volumes of water, with daily flow rates of 92 592m?3
for the seawater feeding the FO process, compared to
166 666m? for the RO process. The cost of produced
water in this large-scale system varies between USD
0.71 and USD 0.84/m3, depending particularly on the
price of FO membranes and the local cost of electri-
city. These findings tend to confirm the technical and
economic feasibility of using large-scale MLD strate-
gies based on the FO-RO hybrid system.

Another important limitation to consider is the varia-
bility in the recovery potential of brines from seawa-
ter desalination, which are highly dependent on lo-
cal geochemical characteristics—sometimes at the
subnational level. Therefore, it would be relevant to
accompany desalination projects with geographical
and sectoral characterization studies to identify re-
gions suitable for the installation of industrial brine
recovery units. From this perspective, strategic envi-
ronmental assessments (SEAs) could play a decisive
role in long-term planning, particularly in countries
on the southern shore of the Mediterranean, which
are expected to rapidly develop green hydrogen pro-
jects based on seawater desalination. This point will
be discussed in the following section.

c] Study of the challenges of developing desali-
nation units to produce green hydrogen

Green hydrogen plays a central role in the energy
transition, particularly in key sectors such as ce-
ment and steel production. Produced by electrolysis
of water using renewable electricity, green hydrogen
generates no CO, emissions. Some energy transition
scenarios estimate that approximately 2.3 giga tons
(Gt) of hydrogen will be required every year to meet
climate targets by 2050. However, concerns have



emerged regarding the water supply required for this
production, with some media outlets highlighting that
it could be expensive or put excessive pressure on wa-
ter and energy resources. However, numerous scien-
tific publications appear to temper these concerns.
A peer reviewed study assessed the amount of wa-
ter required to produce 2.3 Gt of hydrogen per year.
According to this analysis, the production of 1 kg of
hydrogen requires approximately 9 kg of water, which
implies that annual production of 2.3 Gt of hydrogen
would consume approximately 20.5 Gt (20.5 billion m?3)
of water. This represents only 1.5 parts per million
(ppm) of the Earth’s available freshwaters. In other
words, this amount of wateris only 1.5 millionth of the
world’s total freshwater, which is a marginal quantity.
Furthermore, it is important to note that green hy-
drogen will be produced solely from renewable ener-
gy sources, such as wind and solar, which consume
little or no water. According to the considered study,
producing hydrogen through water electrolysis could
save up to 10 billion m?3 of fresh water, otherwise used
by fossil fuels. The publication emphasizes that the
water consumption to produce enough green hy-
drogen to meet industrial needs is lower than the
water consumption of the agriculture, mining, and oil
and gas sectors (see Fig.é).

Furthermore, the production of green hydrogen also
requires a significant amount of renewable energy. It
is in this sense that several Mediterranean countries,
particularly those on the southern shore, are consi-
dering developing green hydrogen because they have
vast potential for developing solar energy. However,
Mediterranean countries, particularly those in the
south, are facing water stress that is already alarming
and will be aggravated by global warming. To overco-
me this obstacle, southern Mediterranean countries
aspire to use seawater desalination to produce green
hydrogen. The national green hydrogen development
strategies of Algeria and Tunisia explicitly mention
the use of desalination as part of this industry. Green
hydrogen, which depends on freshwater for its elec-
trolysis, can effectively be produced from desalinated
seawater. Reverse osmosis, one of the most com-
mercially mature desalination techniques, could be
used to desalinate seawater needed to produce green
hydrogen. However, this method only recovers 40 to
50% of the treated water, implying the withdrawal of
41 billion m3 of seawater per year worldwide to pro-
duce 2.3Gt. This represents only 0.03 ppm of the Ear-
th's available seawater which is a negligible amount.
From another perspective, desalination generates
low energy demand compared to that required for wa-
ter electrolysis. Reverse osmosis requires between
3.5 and 5 kWh of energy per m? of freshwater pro-
duced. Considering the estimated global hydrogen
demand, this operation would add an annual energy
consumption of 0.06 to 0.13% of the energy required
for electrolysis, a marginal impact on the energy via-

bility of hydrogen production. Besides that, the cost of
desalination would vary between $0.53 and $1.50 per
m? of freshwater produced, which would increase the
cost of hydrogen by approximately $0.01 per kg, which
would represent 0.1% of the energy consumption of
electrolysis and would increase the cost of hydrogen
by $0.02 per kg. Thus, even with this constraint, glo-
bal targets of producing hydrogen at approximately
$2.00 per kg remain achievable, including the cost
of seawater desalination. Although green hydrogen
does not appear to require desalinating huge quanti-
ties of seawater, its production raises various techni-
cal, social and environmental issues. These questions
will be addressed in a case study to put into relief
the challenges associated with energy production
through seawater desalination while considering the
possibilities of integrating MLD or ZLD techniques.

d] Case Study - The Issue of Seawater Desa-
lination to Produce Green Hydrogen in Tunisia
from a ZLD and MLD Perspective

Tunisia aims to produce 320,000 tons of green hy-
drogen per year by 2030, according to its national
green hydrogen production strategy. To achieve this
goal, a significant amount of seawater will need to be
desalinated. Water electrolysis is the main process
for producing green hydrogen, and each kilogram of
hydrogen requires approximately 9 liters of water,
not including the additional water required to pro-
duce hydrogen derivatives. Thus, to produce 320,000
tons of hydrogen (or 320 kt), including its derivatives,
between 6.4 and 9.6 million cubic meters (Mm3) of
freshwater per year, according to the mentioned Tu-
nisian national strategy. If a desalination plant has
a production capacity of 100,000 to 500,000 m3 of
freshwater per day, it would be sufficient to cover the
freshwater needs of green hydrogen production in Tu-
nisia. For example, a plant with a capacity of 300,000
m?3/day could produce approximately 109.5 million m3
of freshwater per year, significantly more than the 6.4
to 9.6 million m?® required for hydrogen production.
The largest desalination plants in the region achieves
comparable figures.

The next step is to assess the technical feasibility of
theoretically developing a green hydrogen project in
Tunisia powered by a seawater desalination plant that
minimizes or even eliminates the discharge of brine
into the marine or other environment. At first glance,
it should be noted that MLD or ZLD processes are
more energy intensive than conventional desalination
techniques and consume around 2 to 30 times more
energy than reverse osmosis. However, the MLD-ZLD
processes represent only a small fraction of the en-
ergy consumption required for the electrolysis of wa-
ter to produce green hydrogen. According to recent
research the production of green hydrogen requires
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approximately 40 kWh to 50 kWh per kilogram of hy-
drogen in optimistic scenarios. To produce 320,000
tons of hydrogen per year, this corresponds to a total
energy consumption of 12 to 16 TWh per year. The en-
ergy consumption for desalination associated with an
MLD or ZLD process in an optimal scenario surveyed
in Eastern Mediterranean countries is between 3 and
10 kWh per m? of desalinated water, which correspond
to an annual consumption ranging from 19,2GWh
per year to 96GWh per year. Therefore, the energy
consumption of MLD/ZLD desalination represents
between 0.27% and 0,75% of the energy required to
produce green hydrogen. From a global perspective,
it is clear that the development of green hydrogen
with or without desalination of seawater in MLD or
ZLD process will require an enormous amount of re-
newable energy. Tunisia’s annual energy consump-
tion in 2014 is equivalent to the amount of electricity
needed to produce 320,000 tons of green hydrogen!
This project, although colossal, is feasible in Tunisia,
which benefits from abundant sunshine and vast arid
areas suitable for the installation of large solar PV or
CSP power plants. In addition, Tunisia currently has
an electricity production system that still relies little
on renewable energy. As part of the energy transition,
providing carbon-free electricity to local populations
will be essential to foster the social acceptability of
green hydrogen. Furthermore, the development of
wind farms or solar photovoltaic power plants repre-
sents the highest financial cost of CAPEX in a green
hydrogen project. It seems desirable to develop so-
lar photovoltaic power plant projects independently
of green hydrogen projects and to gradually increase
the share of green energy in the electricity grid. The
electricity thus produced could then be sent to desali-
nation and green hydrogen production units, thus re-
ducing costs while strengthening social acceptability.
Indeed, one of the limitations of current research is
that studies of carbon-free desalination projects in
Mediterranean countries focus on the possibility of
building stand-alone plants powered by wind or solar
photovoltaic energy off the electricity grid. | believe it
would be relevant to take the opposite approach, that
is, to evaluate the possibility of integrating a grea-
ter share of solar energy or other renewable energy
sources into the energy mix to promote carbon-free
desalination and the development of MLD or ZLD
technology. Furthermore, feasibility studies on green
hydrogen projects coupled with desalination units
powered by a «greener» electricity grid would reduce
project costs, limit risks for developers, and lessen
the environmental impacts of desalination plants.

In this sense, the issue of developing green hydrogen
in the Mediterranean is inseparable from the re-
newable energy development issue as well as the
technical feasibility to reduce brine discharge. Sus-
tainable desalination through MLD or ZLD process,
green hydrogen development, and green energy are

3 interdependent variables that must be considered
from a systemic perspective. Energy is the key factor
to decarbonize desalination plants, to minimize the
environmental impact of saline discharges, and to
produce green hydrogen. Green hydrogen production
requires significant amounts of renewable energy,
while desalination with a low liquid discharge or zero
liquid discharge approach requires less energy input.
However, green hydrogen could represent a window
of opportunity to increase clean electricity genera-
tion capacity in Southern Mediterranean countries,
increase the share of renewable energy in their en-
ergy mix, and meet the energy requirements of desa-
lination plants operating in MLD or ZLD. If Southern
Mediterranean countries effectively exploit their en-
ergy potential and develop optimized renewable pro-
duction capacity, they would be able to produce green
hydrogen while promoting sustainable desalination.
For desalination plants operating in off-grid mode, it
would be difficult to adopt an MLD or ZLD given the
high energy demand of these processes. Unless ma-
jor technological innovations enable high recovery
rates and efficient conversion of brines into by-pro-
ducts, the development of a green energy infrastruc-
ture will remain an essential condition to enhance the
sustainability of seawater desalination sector in the
Mediterranean.

e] Socio-environmental issues associated with
green hydrogen production

The development of green hydrogen in countries on
the southern shore of the Mediterranean, particular-
ly in Tunisia, Algeria, Libya, Egypt, and Morocco, may
raises social and environmental issues, particularly
due to the use of seawater desalination as the wa-
ter source required for hydrogen production. Even
if these countries intend to rely on desalination to
meet their green hydrogen ambitions, this approach
presents some challenges that must be anticipated
and managed. The first concern relates to potential
conflicts related to water access. In Mediterranean
countries, water is already a scarce and precious re-
source, particularly for the agricultural sector and
domestic uses, given that Mediterranean countries,
particularly those in the south, face chronic water
stress. The rise of desalination projects exclusively
dedicated to green hydrogen may accentuate social
tensions and conflicts over water use, given that cli-
mate change is affecting the availability of drinking
water for the population and irrigation water for far-
mers. Even if this risk is low as green hydrogen would
use a small fraction of water resources compared
to other sectors, social perception may be negative
towards desalination projects that are not dedicated
to basic social needs. To limit these impacts, several
measures can be considered.



(1) At first glance, it is essential that desalination pro-
jects adopt a multi-use approach, meeting not only
the needs of green hydrogen production, but also the
needs of drinking waterand irrigation. For example, by
locating desalination plants near agricultural areas, it
would be possible to exploit this water source to sup-
port irrigation, particularly in regions where crops
suffer from water stress. This approach would make
it possible to further enhance the value of desalina-
tion infrastructure and reduce tensions surrounding
the allocation of water resources. The adoption of
advanced technologies such as high-efficiency desa-
lination systems using the MLD or ZLD process could
play a key role in promoting the multi-use approach
and social acceptability of green hydrogen projects.
This technology allows for the extraction of a greater
quantity of freshwater from seawater while signifi-
cantly reducing the amount of brine discharged into
the marine environment. By improving the efficiency
of the facilities, this approach would help meet both
green hydrogen and freshwater needs for domestic
and agricultural uses.

Coupling green hydrogen production with MLD/ZLD
technologies offers several advantages:

e Optimization of water resources: Additional wa-
ter recovery: The use of innovative desalination
techniques such as FO in MLD/ZLD systems al-
lows for a maximum water recovery of 98%. This
means that most of the water used in the desa-
lination process can be reused, thus increasing
the efficiency of water resource utilization. This
water recovery can be used for agricultural, do-
mestic, or industrial applications, increasing ac-
cess to fresh water.

e Environmental and economic benefits: By in-
creasing the efficiency of the desalination pro-
cess, this approach helps reduce environmental
impacts, particularly by reducing the amount
of brine discharged into the environment. MLD
technologies ensure discharge treatment that
minimizes the ecological impact. The ability to
recover minerals such as magnesium, calcium,
and potassium from brine concentrates can pro-
vide an additional source of revenue and raw ma-
terials.

e  Social benefits: Providing fresh water for agri-
cultural and domestic uses through optimized
water recovery from desalination processes can
improve the social acceptability of the project,
particularly in areas where access to water is li-
mited.

Combining green hydrogen with advanced desalina-
tion technologies, particularly MLD/ZLD, presents a
synergistic approach, not only producing hydrogen

from a renewable energy source but also maximizing
the use of water resources. This model could become
a pillar of the energy transition, with a positive im-
pact on water optimization, cost reduction, and envi-
ronmental impact mitigation, while supporting local
economic and social development. Moreover, it is cru-
cial to conceive a uniform social and environmental
impact assessment framework adapted to local rea-
lities. This framework should include an analysis of
potential impacts on coastal ecosystems, the possibi-
lity to integrate MLD-ZLD in green hydrogen projects,
possibility to enable multi-use of water desalination
for domestic and agriculture use, and rigorous moni-
toring plans of long-term cumulative impacts. Such
an approach would help anticipate potential tensions
and promote the implementation of integrated desa-
lination projects, beneficial both for green hydrogen
production and for the needs of local communities.

(2) Secondly, it is suggested that, in case MLD or
ZLD associated with green hydrogen projects are not
technically and economically feasible, Mediterranean
countries develop plans to develop future seawater
desalination plants dedicated to domestic and agri-
culture use notably by using revenue gained through
green hydrogen projects or other financing sources.
Governmental plans could enhance social accepta-
bility if civil society is aware that future desalination
projects are not only dedicated to hydrogen develop-
ment.

f] Recommendations for strengthening the re-
gional framework and associated policies to
promote sustainable desalination activities in
the Mediterranean region

Reflecting the environmental and energy challenges
posed by desalination, 2 options seem considerable
to uphold the regional governance of the sector in
a sustainable development vision. (1) As a first op-
tion, consideration could be given to design a specific
protocol on desalination that harmonizes technical
norms as well as to standardize environmental and
socio-economic impact assessments (ESIAs) and en-
courages the reduction or even prohibition of brine
discharges wherever possible. The Mediterranean is
a semi-closed sea, and the environmental effects of
brine discharge are likely higher than in the Ocean
or open seas. That represents another key argument
inviting to reform the regional framework. Adopting
a new protocol, under the auspices of the Barcelona
Convention, could strengthen regional cooperation
and ensure a harmonized approach, notably by ma-
king mandatory:
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The assessment of the possibilities of integrating ad-
vanced technologies (ZLD, MLD, brine mining) to limit
brine discharges, particularly for desalination plants
supplying green hydrogen production.

The integration of renewable energy into all desalina-
tion projects as a condition of financing.

A multi-use approach integrating agricultural and
domestic needs into all types of desalination pro-
jects, particularly with regards to green hydrogen, or
at least, if a multi-use isn’t feasible, plan to develop
seawater desalination plants for agriculture and do-
mestic purposes and not only for green hydrogen.

A robust monitoring framework with long-term fol-
low-up requirements alongside transboundary im-
pact assessments, and cumulative impact assess-
ments.

Uniformized SEAs to identify suitable areas for "brine
mining”’.

The development of this hypothetical protocol never-
theless infers several considerations presented here
from the perspective of opportunity and risk analysis:

Opportunities for regional cooperation:

Creation of a common framework: A standardized
protocol would avoid regulatory fragmentation and
facilitate dialogue between States. It would allow, for
example, the development of a standard ESIA and
SEA template that all desalination plants would be
required to follow in a binding, rather than volunta-
ry, manner. It would harmonize standards of brine
discharges, ecological impact, monitoring indicators,
and prevent social tensions.

Strengthening governance: A mandatory ESIA would
limit environmental and social dumping and improve
the coordination of desalination and renewable en-
ergy projects, thereby reducing conflicts over water
and energy resources. It will be appropriate to grant
a greater role to competent regional organizations,
particularly in reviewing and disapproving national
ESIAs if minimum socio-economic and environmental
criteria aren’t met, in order to eliminate the risk of le-
gal polarity between countries of the North and Sou-
th and avert socio-environmental dumping. Binding
measures could only be considered when minimum
socio-environmental criteria are not met. Howe-
ver, it is important to define these criteria through
constructive dialogue and around a shared vision of
sustainable development.

Access to international financing: A harmonized
framework would give projects greater credibility with
institutions such as the World Bank, facilitating inter-
national financing and cross-border partnerships.
Following a standardized ESIA format could be a pre-
requisite for obtaining funding.

Risks of hindering cooperation:

Perception of a loss of sovereignty: Some countries
may perceive the obligation to follow similar ESIAs at
the regional level as external interference, hindering
their adherence. The heterogeneity of national so-
cio-economic situations makes a uniform approach
difficult. However, regional collaboration can be
strengthened by formulating subregional objectives
that reflect local realities and developing ESIAs in a
standardized and contextualized format in collabora-
tion with states and other stakeholders.

Bureaucracy and increased costs: Overly rigid or one-
rous requirements (e.g., ZLD, brine mining) could be
perceived as barriers to investment, slowing the de-
velopment of critical infrastructure. However, in an
era of technological breakthroughs, many extracted
minerals have market value. Regional incentives and
preliminary studies of desalination sites could proac-
tively identify suitable locations for brine mining. The
Sea4Value initiative is an example of good practice in
the Mediterranean.

Phased and flexible implementation can
address these risks through the following
measures:

Differentiated approach: Adapt requirements accor-
ding to the scale of the project (national rules for
small projects, harmonized regional framework for
large projects). Also, contextualized guidelines could
be helpful in the sense that the applicability of ESIA
and the definition of environmental quality threshold
should be considered regarding the level of develop-
ment and capacity of the countries.

Support mechanisms: Creation of a support fund to
finance ElAs in developing countries and a shared da-
tabase on environmental impacts and best practices.
Gradual and incentive-based implementation: A five
to ten-year transition with progressive incentives and
sanctions would allow for gradual adoption without
slowing investment.

Key role of regional organizations: UNEP/MAP and
other relevant institutions could support states in
implementing the protocol while supporting pilot pro-
jects that comply with the new standards.



Consequently, a Mediterranean protocol on desali-
nation could strengthen cooperation and ensure high
environmental standards. Flexible and phased imple-
mentation would help avoid rejection by some states.
Harmonizing EIAs would promote access to finance
and facilitate the transition to sustainable desalina-
tion integrated with renewable energies.

(2) A second option could be to strengthen UNEP/
MAP Guidelines rather than embarking on the len-
gthy process of creating a new binding protocol under
the Barcelona Convention. The proposed update of
UNEP guidelines means to introduce a standardized
ESIA template to be applied uniformly to desalination
projects across the Mediterranean. In this sense, the
ESIA would go beyond traditional environmental stu-
dies to include:

e An assessment of the multi-use potential of
seawater desalination, such as meeting domes-
tic needs, supporting agriculture, and supplying
green hydrogen production.

e A techno-economic study of incorporating ad-
vanced brine management solutions like Minimal
Liquid Discharge (MLD) and Zero Liquid Discharge
(ZLD) into major desalination projects—especial-
ly those linked to green hydrogen production.

e An assessment of transboundary potential ma-
rine pollution of seawater desalination facilities.

To encourage adoption of the revised guideline, mee-
ting this ESIA standard could be set as a condition for
receiving funding from international donors, regio-
nal capacity building initiatives, development banks,
and climate financing mechanisms for any desalina-
tion project or program. This path might initially be
more appealing to Mediterranean countries because
it avoids the political sensitivity and legal hurdles of
negotiating a new protocol. It could also be folded into
current frameworks relatively quickly, offering more
flexibility and a lower barrier to entry. That said, wit-
hout binding requirements—and without the backing
of financing programs, capacity-building initiatives,
and technical support to expand renewable energy
use and roll out MLD/ZLD—achieving truly sustai-
nable desalination across the region would remain
difficult. While a dedicated protocol (the first option)
would set clearer, enforceable standards, this second
option could work as a practical interim step—helping
to build consensus, trial a harmonized ESIA process,
and pave the way for a future legally binding Mediter-
ranean desalination protocol.

CONCLUSION

To conclude, this paper dealt with the legal, techni-
cal, economic, and socio-environmental aspects of
seawater desalination in the Mediterranean. It also
focused on its linkage to the green hydrogen sector,
developing the reflection on a "seawater desalina-
tion-green hydrogen-renewable energy” nexus. The
report has shown that while desalination is a strate-
gic solution to address water scarcity, it also poses
significant ecological risks, especially from brine dis-
posal. It is suggested to manage those risks through
coordinated governance, improved technology, and
stronger regional cooperation.

To strengthen regional governance of desalination
in the Mediterranean, especially regarding green
hydrogen projects, it is essential to take a varied,
phased, and integrated approach. A blanket ban on
brine discharges is not realistic or desirable in the
short term. Instead, obligations should be tiered,
with stricter requirements for large-scale projects
or those in sensitive areas, notably to protect Posido-
nia seagrass meadows and marine protected areas.
Green hydrogen projects should be made conditional
on the integration of brine-reduction or brine-valo-
rization technologies (MLD-ZLD), depending on eco-
nomic and environmental feasibility studies, and all
desalination projects should assess the potential for
brine mining and multi-use applications.

In this context, incorporating sustainable desalina-
tion projects into maritime spatial planning (MSP) is
crucial. MSP should identify, through a proactive ap-
proach, areas suitable for brine mining, guiding desa-
lination projects toward circular, low-discharge mo-
dels. SEA have a central role to play in this process:
they not only help locate sites with high brine-valo-
rization potential but also assess the feasibility of
multi-use facilities (such as hydrogen production, do-
mestic water use, irrigation, etc.), thereby increasing
both social acceptability and long-term sustainability.
To ensure regional consistency, it would be relevant
to articulate these requirements in a new Mediter-
ranean desalination protocol under the Barcelona
Convention. Such a protocol could include specific
provisions mandating technology transfer and the
systematic consideration of possible MLD/ZLD solu-
tions—especially for green hydrogen projects—while
also establishing harmonized standards on salinity
thresholds, discharge technologies, and other pa-
rameters as chemical contaminants. Additionally,
strengthening the regional framework seems essen-
tial to promote cumulative impact assessment and
transboundary environmental assessment.



Towards sustainable desalination in the Mediterranean

Another strategic pillar is the large-scale deve-
lopment of solar energy, particularly abundant in
Southern Mediterranean countries. This expansion
should not be tied exclusively to desalination pro-
jects, but should proceed in parallel through regio-
nal partnership agreements, aimed at decarbonizing
national grids, using surplus energy for export and
green hydrogen production, and enabling the growth
of high-environmental-performance desalination
units. Achieving this will require improved regional
cooperation, including the development of electrical
interconnections, to support an inclusive, circular and
sustainable development that preserves marine eco-
systems.

From another standpoint, further research should be
led to identify opportunities to foster multi-use ap-
proach notably to use desalinated water for irrigation
at a competitive price. Market entry of minerals ex-
tracted from brine should also be more evaluated to
address potential future barriers that might hamper
the scaling of MLD-ZLD approach. Other countries
are interested in harvesting brine mining to recover
valuable minerals and metals. In my opinion, coun-
tries should prioritize brine mining in semi-enclosed
seas like the Mediterranean and the Red Sea, where
desalination impacts are more concentrated than
in open oceans such as the Atlantic. Mediterranean
States should create regional trade arrangements
that grant preferential market access to minerals
recovered from Mediterranean “brine mining activi-
ties”, rather than “brine sourced” from different ma-
rine zones. Likewise, synergies between sodium bat-
tery storage and desalination powered by renewables
as well as techno-economic feasibility harvesting
Sodium Chloride from brine to use it as raw material
for Sodium battery is another interesting axis of re-
search. In this perspective, it is important to consider
the legal governance at regional level of desalination
that is supposed to reflect new technical, economic,
and socio-environmental factors that shifted since
Barcelona Convention elaboration.



CHAPTER L. THE ECONOMICS OF
DESALINATION AND SUSTAINABLE
DEVELOPMENT MODELS
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Although the desalination sector provides massive amounts of water, it entails significant eco-
nomic costs. The infrastructure and related operations are expensive and can place a financial
burden on Mediterranean municipalities. . In fact, the whole life cycle of desalination units is
expensive and highly sensitive to external economic factors such as fuel price fluctuations and
evolving technology costs.

Chapter Il Introduction

Both capital and operational expenditures are substantial, and if desalination systems are not
carefully designed, the resulting water prices may prove economically unsustainable. This eco-
nomic dimension is central to achieving sustainable desalination, as financial viability is a key
factor in the sector’s long-term resilience.

This chapter evaluates the economic feasibility of desalination, particularly when integrated with
other activity sectors such as agriculture. Concretely, it explores how synergies between de-
salination and agriculture can improve crop yields in water-scarce areas, potentially fostering
integrated development models that enhance overall economic viability.

From a public perspective, an important question arises: what is the willingness to pay for de-
salination activities? Understanding societal economic acceptance is essential for sustainable
development models. For many households, water bills are already a concern. Understanding
how people perceive the equity and usefulness of desalination is key to designing policies they
will support. The third article in this chapter investigates public perceptions of the sector’s ac-
ceptability in order to uncover the dynamics of trust and economic acceptance that determine the
success of desalination projects.

The final two articles take a broader, country-level approach, offering cross-national compari-
sons across 11 Mediterranean countries. Using econometric models that incorporate a range of
endogenous and exogenous variables, including demographic trends, national GDP, the share
of renewable energy, and carbon dioxide emissions, these studies provide valuable insights into
how national economic contexts shape desalination strategies and their role in sustainable wa-
ter management.
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ASSESSING THE ECONOMIC VIABILITY OF
DESALINATION IN SELECTED MEDITERRANEAN
COUNTRIES: HOW CAN IT CONTRIBUTE TO A
SUSTAINABLE FUTURE?
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Abstract

Desalination has become a critical solution to water scarcity in the Mediterranean region, driven
by climate variability, population growth, and economic demands. This study evaluates the eco-
nomic viability, environmental sustainability, and policy implications of desalination across 11
Mediterranean countries using panel data (2000-2025) and regression models (FE, RE, Pooled
OLS). Key findings reveal that population density and renewable energy adoption significantly
influence desalination capacity, while ocean health correlates negatively with reliance on desa-
lination. Countries like Israel and Algeria demonstrate strategic advancements in desalination
despite lower GDP, leveraging low energy costs and large-scale infrastructure. However, envi-
ronmental challenges, such as brine disposal and CO, emissions, persist. To improve sustaina-
bility, the research emphasizes the necessity of integrated policies that include marine conser-
vation, circular economy concepts, and renewable energy integration. According to the study’s
findings, desalination may be used to alleviate water scarcity while minimizing ecological trade-
offs when combined with renewable energy and appropriate environmental governance.



INTRODUCTION

Water is a vital resource, but one that is unevenly dis-
tributed and subject to increasing pressure, particu-
larly in arid and semi-arid regions such as the Medi-
terranean basin. This area, characterized by a climate
often marked by drought and high variability in preci-
pitation, is faced with an ever-increasing demand for
water due to the combined effect of population growth
and economic activity.

Today, seawater desalination is an essential response
to the growing challenges posed by the scarcity of
freshwater resources. However, this process, while
indispensable, raises major issues, notably the high
energy consumption of the installations and the envi-
ronmental impact of brine discharges.

Desalination presents a viable solution for addres-
sing water scarcity in Mediterranean countries, parti-
cularly through innovative technologies that enhance
sustainability. These countries can improve water se-
curity by integrating renewable energy sources and
advanced desalination methods while minimizing en-
vironmental impacts. The scarcity of freshwater re-
sources has made desalination an attractive solution
for many Mediterranean countries, offering a way to
produce potable water from seawater. However, de-
salination remains an energy-intensive process with
high operational costs and environmental impacts.
Determining whether desalination is economical-
ly viable and environmentally sustainable requires
carefully analyzing both short- and long-term effects,
especially considering the Mediterranean’s unique
climatic, economic, and environmental context.

Addressing acidification in the Mediterranean re-
quires an integrated approach that includes global
CO, mitigation efforts, regional environmental regu-
lations, and local conservation initiatives (Ali, E et
al., 2022). The Mediterranean countries collaborate
through institutional frameworks like the Barcelona
Convention and its related protocols to combat pol-
lution and acidification, focusing on reducing carbon
emissions and controlling nutrient loading for ins-
tance (UNEP/MAP, 2017).

In this chapter, we will test through regression mo-
dels (FE, RE and Pooled) on panel data of four periods
(2000, 2010, 2020 and 2025) for 11 selected countries
of the Mediterranean region, using six variables de-
pending on data availability and reflecting the region’s
demographic, economic and environmental challen-
ges.

Given the growing number of plants being installed
since 2020 in particular, we have dedicated the first
section, following an introduction, to a review of the
multidisciplinary literature that has attempted to eco-
nomically evaluate the seawater desalination process
in these different countries. The energy component
and financial feasibility of setting up and operating
these desalination plants are explained in the next
section. The methodology and proxies selected based
on data availability are examined in the fourth section.
The results are discussed in section five and policy
implications are identified in the last section.

Literature review

Previous research on desalination has primarily fo-
cused on technical and environmental aspects. For
example, (Ghaffour et al.,2013) highlight the tech-
nological advancements in desalination and their
implications for sustainability, while Bouzguenda et
al. (2019) discuss the environmental impacts, such
as greenhouse gas emissions and brine discharge.
Economically, desalination remains a debated topic
due to its high costs and energy requirements, as Ka-
ragiannis and Soldatos (2008) examined. Integrating
photovoltaic solar energy with seawater desalination
can reduce energy costs by 50% and overall water
production costs by 25%, making desalination eco-
nomically viable in Mediterranean semiarid regions
facing water scarcity challenges (Gémez et al.,2023).
In the same context, energy storage costs for desali-
nation are as low as 0.19 EUR/m3, with 75% of sites
not exceeding 0.23 EUR/m3 (Ganova, D. et al., 2019,
suggesting economic viability for large-scale Photo-
Voltaic powered Reverse Osmosis (PV-RO] desalina-
tion. Optimistic research highlights, by assessing the
financial feasibility of desalination using a feasibility
index (Gao L. et al., 2017), agree that countries, in-
cluding those in the Mediterranean, are likely to find
desalination increasingly viable by 2050 as production
costs decline and water prices rise. Mahmoudi et al.
(2023) review challenges such as high salinity in the
Mediterranean Sea and propose renewable-powered
desalination as a sustainable alternative.

From an Econometric view, a study of cost factors and
economic sustainability of desalination by Greenlee et
al. (2009) suggests that economies of scale can re-
duce costs in the long run. However, there needs to
be more research concerning the integration of desa-
lination within a circular economy framework, where
resources are recycled and reused, potentially lowe-
ring costs and environmental impact.
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The paper seeks to address this gap by applying eco-
nomic modelling and circular economy principles to
assess desalination in the Mediterranean context. The
example of Algeria can illustrate the policy of desali-
nation. In a study that examines the impact of water
subsidies and desalination on sustainable resource
management, the results indicate that while subsi-
dies help ensure water affordability and accessibility,
they often lead to over-extraction of groundwater and
inefficient water use (Boubou-bouziani, N., & Maliki,
S. B.,2014). Desalination, although a promising alter-
native, poses environmental concerns such as carbon
emissions and brine disposal (Maliki S.B et al.,2024).
The study suggests that aligning subsidy policies with
sustainability goals and investing in renewable en-
ergy-powered desalination could enhance resource
management and mitigate environmental impacts.
Studies have been conducted to assess the economic
feasibility of desalination in the Mediterranean area,
namely in nations like Greece, Cyprus, and Israel. A
Zero Liquid Discharge (ZLD) desalination system has
demonstrated encouraging outcomes, requiring just
20.23 kWh/m3 of energy and having a high recovery
rate of 99.19%. This technology is equivalent to deep-
well injection and land application options, and it is
at least 3.22 times less expensive than evaporation
ponds. Cyprus and Greece reveal differing degrees of
profitability in the profit from the distribution of desa-
linated water (Panagopoulos, A.,2022).

One important element in improving the desalination
facilities’ economic viability is the use of renewable
energy sources, like photovoltaic solar energy.
In Spain, saltwater desalination treatment facilities
powered by solar energy have reduced energy costs
by around 50% and final water production costs by
20-30%. In addition to cutting operating expenses,
this integration supports sustainable development
objectives (Martinez, G., & Martin, M.,2023). Com-
parably, solar-powered desalination in Portugal has
been demonstrated to lower unit production costs by
around 33%, making it a financially feasible alterna-
tive to the country’s present water tariffs (Apolinario,
R., & Castro, R.,2024).

The economic potential of these technologies is de-
monstrated by a comparison of ZLD and MLD sys-
tems in the Eastern Mediterranean. ZLD systems
are more profitable when both water and solid salt
are provided, although MLD systems need less both
money and energy. These systems have substantial
economic potential, support the circular economy,
and provide a useful substitute for underground wa-
ter sources (Panagopoulos, A., & Giannika, V., 2022).
One of the main concerns is the effect desalination
has on the environment, especially when it comes

to brine disposal. However, by creating mixed solid
salt and accessible freshwater, ZLD system improve-
ments reduced some of these effects. Compared to
more conventional disposal techniques like evapo-
ration ponds, these systems are far less expensive,
making them economically feasible. The profitability
of these systems is enhanced when both freshwater
and solid salt are sold (Panagopoulos, A.,2021). With
continuous research and development aimed at en-
hancing the technologies’ economic and environmen-
tal features, desalination in the Mediterranean area
has a promising future. To manage the water crisis
in sustainable ways, it is anticipated that the incor-
poration of renewable energy sources and improve-
ments in desalination techniques would be essential
(Ganora, D., et al., 2019). In conclusion, incorporating
renewable energy sources and using cutting-edge
desalination technology greatly improves the econo-
mic feasibility and sustainability of desalination in
Mediterranean countries. In addition to making desa-
lination economically viable, these initiatives support
more general environmental and sustainability objec-
tives.

The Mediterranean context: opportunity and
challenge

Seawater desalination capacities

Analyzing the statistics on seawater desalination in
the Mediterranean reveals major disparities between
countries. Spain has the largest total desalina-
tion capacity of 5,597,077 m3/d, followed by Algeria
(2,438,401 m3/d) and Israel (2,212,997 m?3/d). These
countries, which depend heavily on desalination to
meet their water needs, have developed important
infrastructures, as they suffer from many deficits, as
in the case of Algeria, which ranks 16th among the
most deficient countries in the world, with a per ca-
pita availability of less than 300 m3/year/inhabitant.
Egypt stands out for its high number of plants (647),
although its total capacity (2,563,987 m3/d] is close to
that of Israel, suggesting smaller plants. On the other
hand, France and lItaly have a significant number of
plants (67 and 241, respectively), but their total capa-
city is well below that of the most advanced desalina-
tion countries, as shown in Figure 1.
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Figure.1 Mean Capacity [m¥d] versus LogTotal Capacity [m%d)
Source: Authors’ calculation

The average capacity per plant shows Israel stands
apart as it uses large, modern, and effective plants
that average 34,578 m3/d per plant. Algeria and Mo-
rocco also have high average capacities (23,003 m3/d
and 18,116 m3/d per plant, respectively). On the other
hand, Greece (687 m3/d per plant) and Slovenia (694
m3/d per plant) have smaller systems and much less
use of desalination in total.

In the same way, a comparison based upon desali-
nation methods, shown in Figure 2, reveals signifi-
cant effects for some countries. Reverse Osmosis
(RO) is the leading method and has been adopted
by most of the countries in this report. Israel has a
truly remarkable installed capacity of 45,192.92 m3/
day which demonstrates and highlights the overall
technological pre-eminence of the country in this
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particular field of activity. The CLEAR dominance of
RO is also evident in Algeria (26,321 m3/day], Egypt
(3,845 m3/day), and Morocco (18,686 m3/day), where
it shows appeal for maximum cost efficiency in these
arid zones. Otherwise, thermal technologies reveal
a wider heterogeneity of use. Multi-Effect Desalina-
tion (MED) reveals significantly lower uptake in Alge-
ria (3,76857 m3/day) and Egypt (3,564 m3/day), which
were also limited and suitable only for specific tasks
requiring special technological specifications. The
Multi-Stage Flash (MSF]) still has uptake, but its exact
extent is less clear, except for Algeria (23,202 m3/day)
and Libya (18,835 m3/day), which are likely due to spe-
cific requests.
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Mean Capacity (m3/d) of RO and Thermal Technology (MED-MSF)
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Figure.2 Mean Capacity [m3/d) of RO and Thermal Technology (MED-MFS)
Source: Authors’ calculation

This technological distribution probably reflects the  Desalination and Energy
combined influence of several factors:

An analysis of the GDP of the countries studied sheds
light on the disparities in desalination development
and highlights the impact of production costs, parti-
cularly the price of electricity, on the economic viabi-
lity of this technology. Countries with high GDPs, such
as France ($2,782 billion), Italy ($2,010 billion), and
Spain ($1,500 billion), have considerable financial re-
sources, but their commitment to desalination varies.
Despite moderate electricity prices ($0.152/kWh),
Spain has developed a large desalination capacity of
3.44 million m3/d. France and ltaly, on the other hand,
although economically strong, have relatively modest
desalination capacities due to less reliance on this
technology and other sources of water supply.

1. The technological maturity and energy efficiency
of RO

2. Differential operating and maintenance costs

3. Geographical specificities and the quality of avai-
lable water resources

4. National policy orientations and technological in-
vestments.

The hegemony of RO suggests its optimal suitability
for majority needs, while the persistence of thermal
technologies in certain contexts indicates their rele-
vance for specific applications or specific local confi-
gurations. These differentiated technological choices
illustrate how water constraints are addressed diffe-
rently according to national or more local contexts.



. Electricity price for bu- GNI per capita GDP per capita, PPP (cur-
Number of plants sinesses ($/kWh) (current US$) rent international $)
516

Egypt 0,037 3840 18524,83
Spain 268 0,152 32940 53229,92
Greece 197 0,204 22320 41181,99
Turkey 76 0,117 11730 42326,16
Algeria 46 0,035 4950 16824,48
Italy 26 0,578 38610 57893,40
Cyprus 24 0,319 32960 57204,58
Israel 20 0,148 54280 53401,17
Tunisia 19 0,113 3850 14009,51
Lebanon 16 0,164 3730 12574,83
Libya 15 0,009 5940 13848,79
Malta 15 0,161 34500 63074,74
Morocco 14 0,106 3760 9842,88
France " 0,205 45440 58317,82
Palestine 9 0,148 4310 5950,02
Albania 1 0,131 7680 21259,79
Croatia 1 0,16 20590 45595,62
Syria 1 0,008 770 4650,06

Number of plants Vs Electricity price for businesses, GNI and GDP (2023)
Source : Authors’ calculation using Plan Bleu data and WDI for GNI and GDP, 2023

Table 1 shows the key factors in assessing the econo-
mic potential of large-scale desalination projects ta-
king in consideration the electricity costs. Countries
with low electricity prices, such as Libya ($0,009/
kWh), Syria ($0,008/kWh), Algeria ($0,035/kWh), and
Egypt ($0,037/kWh), may be better equipped to sus-
tain widespread desalination without passing signifi-
cant costs on to consumers.

The statistics reveal that countries with low electricity
costs, such as Algeria, Egypt, Libya and Syria, have a
relative advantage by establishing large-scale desali-
nation with little outlay to individual consumers, but
this comes with the caveat of significant state sub-
sidies, which raises urgent questions about budget
sustainability and environmental protection. Further-
more, the existence and geographic distribution of
power generation facilities limit the integration of de-
salination plant capacity into the national grid. Egypt
exemplifies a country with an extensive power gene-
ration system with 516 desalination plants installed,
which adds to a significant increase in the coastal
desalination capacity. Meanwhile, countries with little

energy infrastructure, such as Syria, Croatia, and Al-
bania, will find that operational ability is impacted to
a greater degree. Desalination has become an urgent
alternative to water deficit, increasingly exacerbated
by climate change, population growth, and economic
development. As an example, Israel’s position as the
global leader in desalination is not just attributed to
high costs of energy, but rather a mix of innovation
and the development level of income was crucial.

In contrast, Spain and Cyprus have also advanced si-
gnificant desalination efforts in economically strong
coastal tourism areas with an adequate GDP and
appropriate policies to absorb the electricity cost.
Countries in North Africa, including Algeria, Moroc-
co, and Tunisia, have expanded desalination capacity
in response to severe arid conditions and increasing
demand for potable water (population growth). Howe-
ver, their comparatively low gross national income
and moderate levels of purchasing power parity sug-
gest that sustaining these investments will likely re-
quire continual external support or structural reform
of existing subsidy regimes (Maliki, S. B. et al, 2024)
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METHODOLOGY AND VARIABLES

The econometric analysis will employ regression The Panel data analysis offers significant advantages
models to assess the determinants of desalination for this study, as it combines cross-sectional obser-
in eleven selected Mediterranean countries: Algeria, Vations [countries) with temporal dimensions (2000-
Egypt, Greece, Israel, Italy, Libya, Morocco, Palestine 2025). The three models employed—Pooled OLS,
Spain, Tunisia and Turkey with panel data of four pe- Fixed Effects (FE], and Random Effects (RE]—each

riods (2000,2010,2020 and 2025) using the R statisti- ~Serve distinct analytical purposes in understanding
cal package. desalination determinants:

DES = po+ p1 REu+ p2CO2i+ fp3 GDPu+ f: OHLi + psPOPDie + & o Fixed Effects (FE) models control for country-spe-
cific, time-invariant factors such as geographic

Where: constraints and institutional policies, which are
essential in the Mediterranean context where go-
* DESi: Installed desalination capacity (million cu- vernance and resource endowments vary greatly
bic meters per year, Mm3/y] for country i at time t. (Plan Bleu, 2024).
(dependent variable) e Random Effects (RE) models assume that unob-
e RE i: The percentage of a country’s or region’s served heterogeneity is uncorrelated with ex-
total energy consumption that comes from re- planatory variables, allowing for more efficient
newable sources estimation when this assumption holds. The
e CO02: Carbon dioxide emissions (total) excluding Hausman test was used to determine the ap-
LULUCF (% change from 1990) propriateness of RE versus FE models, following
e GDP it: Gross Domestic Product per capita (USD) econometric best practices (Papapetrou et al.,
for a country 2017).
e OHI i: the overall health of marine ecosystems, ¢ Pooled OLS serves as a baseline but does not ac-
typically on a scale from 0 to 100. for a country count for panel structure, highlighting the neces-
e POPD i: the number of people living per unit area, sity of FE/RE adjustments given the diversity in
typically expressed as persons per square kilo- energy_pollues and water scarcity levels across
meter for a country the region.

e  €iu: Error term capturing unobserved factors af-
fecting the desalination

N Y R

Several sources:
Amcham.org.eg
Planbleu.org

Desalination Capacity [Mma/y] Annual desalination ce:);;arc;?;irn Million cubic meters Middle East Institute
Palestinian Water Authority (PWA)
UNICEF

EU Blue Economy Observatory

Refers to the percentage of a country’s or region’s
total energy consumption that comes from renewable
sources such as solar, wind, hydro, biomass, and
geothermal energy.

This metric is crucial for understanding the transition
to sustainable energy systems.

Renewable Energy Share (%) World Development Indicators

Carbon dioxide (C02) emissions (total) excludin .
CO2 Total (tons) LULUCF (% change from 1990) Y World Development Indicators
is a key economic indicator that measures the average
economic output per person in a country, expressed
GDP per Capita (USD) in USD. World Development Indicators
It is calculated by dividing a country’s Gross Domestic
Product (GDP) by its population

is a metric used to assess the overall health of marine
ecosystems, typically on a scale from 0 to 100.
This index often incorporates various indicators such
as biodiversity, water quality, habitat condition, and
Ocean Health Index (OHI) the sustainability of human activities like fishing and Oceanhealthindex.org
pollution.
The global score is the average of the country scores,
weighted by the area of their Exclusive Economic Zone
(EEZ).

is a measure of the number of people living per unit
Population Density (people/km?) area, typically expressed as persons per square World Development Indicators

kilometer.

Variables and source of data



RESULTS, DISCUSSION AND POLI-
CY IMPLICATION

The correlation matrix analysis (Figure 3) of desalina-
tion drivers in the Mediterranean reveals that there
are several significant relationships. For desalination
capacity, the strong correlation it has with population
density indicates that the most relevant demogra-
phic factor driving desalination in the Mediterranean
is probably demographic pressure. Additionally, the
negative correlation between nominal desalination
capacity and the Ocean Health Index indicates that a
healthier marine ecosystem reduces reliance on de-
salination capacity.

The correlation matrix also identifies a moderate po-
sitive correlation between renewable energy use and
nominal desalination capacity, which suggests that
efforts to reduce the energy intensity of desalination
are being made. For numerical GDP per capita, cor-
relation with nominal desalination capacity was weak
enough not to determine a beneficial relationship,
which indicates that economic wealth is not the only
important factor in desalination investment.

CO, emissions had no beneficial correlation with
nominal desalination capacity. These findings will
contribute to more detailed regression analyses
where many different factors will be considered.

Correlation Matrix

DES cap 1,00
OHI = -0.38 [ 0.75
- 0.50
GDP_pc 047  0.04
-0.25
Pop_dens 0.03 0.19 -0.06 - 0.00
— —0.25
CO2 _power =027 012 0.17 -0.16
— —0.50
CO2_total -0.01 -0.12 0.35 -0.27 0.13 -0.75
RE_cons 0.08 013 -0.16 0.25 0.08 -0.29 -1.00
N O 2 X » o
o S)(bQ O\z\ Q 8 bQ)Q 0$® \O\(b C’OQ
O((/ S QOQ 7 OO(I’ Q C)Oq/ / Qg, y

Figure.3.1 Correlation Matrix
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Figure.3.2 Source: Authors’ calculation

The data visualization sections in Figure 4, Figure
5 and Figure 6 provides a multi-dimensional explo-
ration of environmental and infrastructural shifts
observed in the selected Mediterranean countries
between 2000 to estimated 2025, and complex re-
lationships between marine health, CO, emissions
trends, and water security efforts. Exploring CO,
emissions trends identifies impressive variation
across regions, as Spain’s decline in emissions after
2010 (European Environment Agency, 2022) starkly
contrasts Egypt, which appears to be increasing CO,
emissions. The increased emissions in Egypt appear
to be tightly correlated to rapid industrialization and
population growth (World Bank, 2021). North Afri-
can countries show relatively stable trends, with Li-
bya appearing to show significant declines due to the
impacts of civil war on its industrial activity (UNEP,
2016), while Turkey, facing a similar challenge of re-
conciling economic development with environmen-
tal commitments (OECD, 2021), reports significantly
high emissions. As an example of ecological dispari-

ties in marine ecosystems, Ocean Health Index data
was also included. The report found that Greece and
Israel remained relatively high in their OHI scores
(70-75) compared to Tunisia, whose OHI score drop-
ped alarmingly (75->65) with substantiated claims
of overfishing and coastal degradation (FAO, 2020).
Trends emerging from desalination capacity suggest
measures adopted in response to growing issues of
water scarcity, where Algeria reached peak capacity
of (900 Mm?3/y] as well as Israel, whose continual in-
vestments in increased capacity appear to reflect an
intentional strategy for arid climate adaptation (Jones
et al., 2018). Egypt has revealed a concurrent decline
in OHI score and drop in water desalination capacity,
suggesting an increased risk of trade-offs in resource
allocation and management. The anticipated stabili-
zation of emissions across most countries suggests
some degree of policy efficacy. However, the conti-
nued decrease of OHI in Tunisia and Libya suggests
fundamental governance issues in the stewardship of
marine resources (WWF, 2022).
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Ocean Health Index (OHI): Country-level Scores
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These linked trends demonstrate the pressing need
for integrated policy approaches that can achieve
emissions reductions, marine conservation strate-
gies, and improved water and sanitation infrastruc-
ture, as called for in a recent sustainability literature
review (IPCC, 2023; UNEP/MAP, 2022). The data li-
mitations (for example, Palestine’s inconsistent re-
porting and Morocco’s duplicate recording) highlight
larger questions of environmental data standards and
quality in the region (UNSD, 2022). Ultimately, this
emphasizes how stronger monitoring systems and
inter-governmental cooperation can help build evi-
dence-oriented environmental policies to reconcile
development with the region’s environmental vulne-
rabilities (and opportunities).

The findings (Table 3] from the fixed effects (FE), ran-
dom effects (RE), and pooled ordinary least squares
(OLS] models shed light on the influences that deter-
mine desalination capacity across countries.

Model selection followed established specification
tests: The F-test (Pooled OLS vs. FE), Breusch-Pa-
gan Lagrange Multiplier test (Pooled OLS vs. RE), and
Hausman test (FE vs. RE]. The higher explanatory
power of the FE model (adjusted R?2=0.661) compared
to RE (0.517) and Pooled OLS (0.554) indicates subs-
tantial country-specific heterogeneity in desalination
adoption that must be accounted for (Plan Bleu, 2024;
Papapetrou et al., 2017).

Population density is a significant predictor (p<0.01)
in all model specifications, especially in the FE model,
where the coefficient is highest (coefficient = 4.991). It
seems that as population density increases, countries
invest in desalination ,driven by ~ water demand that
arises from urbanization in densely populated areas.
The ocean health index (OCEAN) has a significant
negative relationship (p<0.01) in both RE and pooled
models (coefficients = -13), suggesting that countries
with healthier oceans rely less on desalination, pos-
sibly due to more freshwater available from alterna-
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tive sources, and/or legislation that mitigates water
stress. The adoption of renewable energy (R_ENER-
GY] has a significant positive relationship (coefficient
= 7.617, p<0.05) with desalination capacity in the FE
model, but not in the RE and pooled models. This sug-
gests that the link between renewable energy invest-
ments and desalination capacity may be particular to
selected countries based on policy alignment or tech-
nological capabilities.

GDP per capita has a weakly positive effect (coeffi-
cient = 0.0002, p<0.1) in the RE model and there is
no statistically significant association with CO, emis-
sions in any specification, which calls into question
the idea that higher emission countries are more Lli-
kely to adopt desalination as a climate change adap-
tation measure. The FE model has higher explana-
tory power (adjusted R%= 0.661) than the RE model
(adjusted R2 = 0.517) and pooled OLS (adjusted R? =
0.554), suggesting that ‘country level fixed effects’
account for unobserved heterogeneity in countries,
such as geographic features or long-term policies
that drive investment in desalination.

These results highlight the intricate relationship
between demographic impacts, environmental condi-
tions, and economic factors in promoting desalination,
as well as the necessity to account for ‘country fixed
effects’ in analyses of cross-national infrastructure
development. Furthermore, the results carry broader
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policy implications, particularly in rapidly urbanizing
countries that face water scarcity challenges, where
integrated planning of desalination infrastructure
with coordinated development of renewable energy
systems and marine area conservation could result
in capacity, efficiency and sustainability benefits for
water resources.

While the panel data analysis delivers important pre-
liminary insights, the limited scale of the dataset (11
different countries observed at for income points) ine-
vitably reduces the robustness of the statistical evi-
dence. As a result, these findings should be treated as
indicative trends, rather than conclusive outcomes,
since small-N studies are especially influenced by
outliers or events specific to a particular country. The
important aspect, however, across this sample is that
the findings converge on a significant policy message
that seawater desalination is an urgent and critical
response for most of the countries studied, where in-
creasing water scarcity has already begun to impact
economic resilience, energy security, and sustainable
development. This highlights the role of desalination
as not only a technical adaptation, but as a core as-
pect of national and regional projects for long-term
resource management. To boost the current evidence
base, future studies would benefit from broadening
the time and spatial coverage or supplementing with
plant-level data for a stronger and more nuanced ba-
sis for policy decisions.
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CONCLUSION

The water constraint situation in the Mediterranean
requires a variety of approaches for desalination that
balance social, environmental, and economic factors.
According to the results, the three main pillars of sus-
tainable desalination are demographic-aware plan-
ning, circular brine management, and the integration
of renewable energy. While technological develop-
ments such as ZLD and RO make efficiency a reality,
we also have to consider policy alignment.

Desalination of seawater is not just a technical so-
lution to water scarcity; it is a strategic node in the
informal energy-development-environment office.
Its legitimacy and sustainability depend on electricity
costs, economic capability, and institutional/technical
infrastructure. Countries on the south and east sides
of the Mediterranean must align their short-term ac-
cess goals with energy efficiency, cost reform, and cli-
mate resilience policies, especially as water and elec-
tricity demand is expected to rise due to the increase
in population growth and climate change.

At this stage, Mediterranean countries need to imple-

ment some strategies to guarantee water resources

without compromising ecological resilience by prio-
ritizing sustainability first. They can achieve these
goals by :

e Encourage regional collaboration to standar-
dize data reporting and exchange best practices
(IPCC, 2023).

e Electricity pricing structures and their impact on
operational costs.

e Economic capacity to invest in infrastructure and
absorb water tariffs.

e Geopolitical and environmental contexts, inclu-
ding access to the sea, energy reserves, and ex-
posure to climate shocks.

e Brine management solutions such as Zero Liquid
Discharge (ZLD) systems, which have shown pro-
mise in reducing environmental impacts while
remaining economically viable (Panagopoulos,
2022; Chari et al., 2025).

Taking into account the integration of multiple spatial
and temporal dimensions implies that policy makers
need to start viewing desalination through a sys-
tems-based lens rather than a singular cost-benefit
analysis lens. The successes of desalination sche-
mes in the Mediterranean region show that an inter-
connectedness of policy to integrate values and poli-
cies from energy, environment, urban development,
and water sectors is crucial.
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Abstract

This paper analyzes the economic, environmental, and social impacts of water desalination in
Algeria, a key national strategy to address water scarcity exacerbated by population growth and
climate change. In alignment with the themes outlined in the call for papers, the study assesses
the benefits and challenges of desalination concerning social equity, economic feasibility, and
environmental sustainability. The research employs a qualitative analysis of case studies and
empirical data on Algeria’s desalination infrastructure to formulate sustainable policy recom-
mendations that support water resource conservation and climate resilience.

The paper examines technological advancements and the integration of renewable energy to
enhance the sustainability of desalination while addressing key challenges such as high opera-
tional costs, energy dependence, and environmental concerns related to brine discharge. Addi-
tionally, it investigates public willingness to pay for desalinated water and societal perceptions
of its acceptability to uncover trust dynamics. By identifying long-term solutions to reinforce
Algeria’s water security, optimize resource utilization, and develop climate-adaptive strategies,
this study contributes to global discussions on water accessibility and sustainable development
in arid and drought-prone regions.
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INTRODUCTION

Global population growth, industrial development, ir-
rigation, and improved quality of life have led to an
increasing demand for potable water as an essential
resource for human survival and well-being. Howe-
ver, access to this resource remains highly unequal
worldwide. While some countries benefit from more
than 3,000 m? of water per capita per year, others face
water stress, with availability falling below 1,700 m3
per year per capita. In some extreme cases, these
numbers can even fall below 500 m? in per year, re-
sulting in a significant shortage (Fiorenza, G., et al.,
2003). Seawater desalination has gradually emerged
as a key response to the growing need for freshwater
supply, especially with the unavailability of traditional
resources i.e., surface and groundwater, in various
parts of the world.

Located in the heart of the Mediterranean, Algeria
is particularly vulnerable to the effects of climate
change. Low precipitation levels and rising tempera-
tures in the region have exacerbated challenges re-
lated to water supply. Consequently, Algeria is clas-
sified as a state struggling with permanent water
scarcity (several literature studies on water manage-
ment under arid climate conditions have pointed this
out, e.g. Kerfouf, A, et al. 2010). These challenges are
further compounded by rapid population growth and
rapid expansion of industry and higher demands for
water for agriculture. In response, Algerian authori-
ties have explored alternative solutions to ensure a
sustainable and secure potable water supply. Among
these, seawater desalination has emerged as a pre-
ferred option, as it is independent of climatic varia-
tions.

The most widely adopted technique, reverse osmo-
sis, operates under high pressure, typically between
55 and 80 bar (800-1,200 psi), to filter dissolved
salts (Greenlee et al., 2009). This leads to high ener-
gy consumption, generally ranging from 3 to 6 kWh
per cubic meter of freshwater produced (Ghaffour et
al.,, 2013; Jones et al., 2019). These energy demands
translate into operational costs that can vary between
$0.50 and $1.50 per cubic meter, depending on plant
efficiency, feedwater salinity, and local energy prices
(Karagiannis & Soldatos, 2008; Ghaffour et al., 2013).
Despite a gradual decline in production costs due to
technological advancements and economies of scale,
reverse osmosis desalination still requires substan-
tial capital investment, with large-scale plants of-
ten costing between $500 million and $1 billion USD
(Mezher et al., 2011; World Bank, 2004). This burden
is compounded in Algeria by the fact that the majo-
rity of energy used in desalination is derived from
non-renewable fossil fuels, raising concerns about
long-term sustainability and environmental impact
(Mezher et al., 2011; El-Kassar et al., 2020).

Desalination plants face a significant environmental
challenge beyond financial concerns: the generation
and discharge of brine, a highly concentrated by-pro-
duct at the end of the desalination process. This brine
contains a variety of chemicals, including antiscalants
and residual cleaning agents, and is often up to twice
as salty as seawater, posing a serious threat to ma-
rine ecosystems if released untreated. When impro-
perly managed, brine discharges can elevate salinity
and temperature levels in coastal waters, affecting
marine biodiversity and damaging benthic habitats.
To mitigate these effects, the design and placement of
outfall areas, the locations where brine is discharged
into the sea are critical. Strategically positioned out-
falls with diffuser systems help enhance dilution and
dispersion, minimizing localized salinity spikes and
ecological harm. Important design considerations in-
clude the depth, hydrodynamic conditions, and proxi-
mity to sensitive coastal zones, as poor placement can
exacerbate environmental degradation (Lattemann &
Hopner, 2008; Jones et al., 2019).

Poor disposal practices can greatly damage marine
plants and animals, alter ecological systems, and af-
fect other water quality. Brine discharges have a di-
rect impact on fish populations, coral reefs and aqua-
tic diversity so itis crucial to manage brine discharges
properly so that desalination practices can be sus-
tained over a long time. Some recent studies posit
that there is a need to optimize brine management
practices to limit the hazards caused by their volume
(Isari et al., 2020).

In this context, Algeria has developed an ambitious
plan to increase its desalination capacity, in light of
a growing water scarcity and to diversify sources of
freshwater (Kerfouf et al,, 2010). Although desa-
lination represents a crucial pathway forward for
addressing freshwater shortages, it poses profound
challenges for sustainability. The basic challenge is in
finding an equilibrium between the economic, social
and environmental trade-offs of the technology and
the effective management of the resource (water] in
the long term.

This research aims to evaluate the socio-economic as
well as environmental impact caused by desalinating
seawater in Algeria. More specifically, we want to as-
sess if and how this technology can be used sustai-
nably, both in terms of scale and efficiency. This in-
cludes examining measurable indicators such as the
number and geographic distribution of desalination
plants, the volume of desalinated water produced, the
percentage of the population served, and the share
of desalinated water in the total national supply. We
will also explore the social implications, particular-
ly regarding access to potable water for vulnerable
and underserved populations, and evaluate the envi-
ronmental challenges, with a specific focus on brine
discharge management and marine ecosystem im-
pacts. The central research axis driving this study is:



Socio-economic and environmental impacts
of seawater desalination in Algeria

To address this issue, our research is structured into
several sections. We begin with a methodology sec-
tion, which outlines the modeling framework used to
project future water demand, desalination infrastruc-
ture needs, and brine discharge volumes, as well as
the design of a household survey assessing social ac-
ceptability. This is followed by a literature review that
examines global and national insights into desalina-
tion technologies, environmental impacts, and eco-
nomic considerations. Next, we analyze water avai-
lability in Algeria, offering context for the country’s
strategic shift toward desalination. We then examine
water management policies, distinguishing between
supply-side and demand-side approaches. This is
followed by an overview of desalination in Algeria,
detailing the national program, technologies em-
ployed, and cost structure. The subsequent sections
present projections to 2100 and assess public per-
ception based on field survey data. Finally, the paper
concludes with key challenges and policy recommen-
dations to guide sustainable water management.

RESEARCH METHODOLOGY

This research adopts a mixed-methods approach, in-
tegrating both qualitative and quantitative analyses to
assess the economic, environmental, and social im-
pacts of water desalination in Algeria. The methodo-
logical framework includes three core components:
(1) literature review and institutional data collec-
tion, (2) prospective modeling for forecasting water
demand and environmental implications, and (3) a
household survey to evaluate public perception and
social acceptability.

Literature and Data Collection

The first stage involved an extensive literature review,
drawing from peer-reviewed academic publications,
government reports, and international databases
(e.g., World Bank, UNEP, GWI, Plan Bleu, and FAQ).
This review provided contextual understanding and
enabled the identification of key variables related to
desalination costs, energy use, brine discharge, and
social equity concerns.

Empirical data were collected on the following as-
pects:

e The number and capacity of existing desalination
plants in Algeria

e QOperational and capital expenditure (OPEX and
CAPEX)

e Energy consumption rates by desalination tech-
nology

e National statistics on water availability and popu-
lation growth (ONS, 2022)

e Forecast scenarios from international references
for comparative analysis

Modeling Water Demand and Environmental
Impact (2024-2100)

To project Algeria’s future water needs and related
environmental pressures, a prospective model was
developed based on exponential population growth
and a fixed national water availability scenario (12 bil-
lion m3/year). The model included the following com-
ponents:

e Population Projections were estimated using an ex-
ponential growth formula:

P, = Po(1 +1)"
(2024),

where: Po = 46.5 million
r=2% and n is the number of years.

e Water Availability Per Capita was calculated by:

12 billion m3
1= P,

e Water Deficit was calculated using:
B, = P, X 500 m3 and water Deficit = B, — 12 Billion m3

e Desalination Infrastructure Needs: The number of
desalination plants needed was estimated assu-
ming each plant produces 200,000 m?%/day:

Deficits

Number of Pants = 200,000 X 365

e Brine Discharge volumes were estimated by as-
suming a simplified discharge ratio of 1.5 liters of
brine per 1 liter of freshwater produced:

Dischargest = Production X 1,5

While this assumption is a useful simplification, brine-
to-water ratios in practice vary depending on seasonal
demand and technology used.

The forecasts were generated for three key reference
years: 2025, 2050, and 2100. A combined table of pro-
jected population, per capita water availability, total wa-
ter deficit, number of required desalination plants, and
expected brine discharge is included to consolidate the
modeling results.
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Household Survey Design and Analysis

To evaluate the social acceptability and public percep-
tion of desalinated water, a structured household sur-
vey was conducted in Western Algeria, particularly in
Tlemcen province. The survey targeted 200 randomly
selected households, representing diverse socio-eco-
nomic groups.

The questionnaire consisted of 30 questions that
were grouped into five major thematic areas. These
included household habits regarding water consump-
tion, perceptions of the quality of desalinated water,
and respondents’ willingness to pay for improved
service. It also explored the degree of confidence in
desalination technologies and the level of support for
public desalination policies. This thematic structure
enabled a comprehensive understanding of both be-
havioral and attitudinal dimensions related to water
use and acceptance of desalination.

Responses were analyzed using Sphinx software.
These survey insights were then triangulated with the
technical and economic analysis to produce a com-
prehensive understanding of desalination’s feasibility
and societal reception in Algeria.

LITERATURE REVIEW

In areas like Algeria where freshwater supplies are
scarce, seawater desalination has emerged as a cru-
cial remedy for water stress. Two primary techno-
logies are widely employed: membrane processes,
such as reverse osmosis (RO), which operate on
electrical energy, and thermal procedures, including
Multi-Stage Flash (MSF) and Multi-Effect Distillation
(MED), which require thermal energy from sources
like fossil fuels, solar, or nuclear power (Al-Kara-
ghouli & Kazmerski, 2013). In Algeria, reverse osmo-
sis dominates, accounting for approximately 85-90%
of total desalination capacity, while thermal techno-
logies (mostly MSF and MED) make up the remaining
10-15%, primarily in older or government-run instal-
lations (GWI, 2023; UNEP, 2021).

In recent years, the country has started exploring
more sustainable options by integrating renewable
energy sources, such as solar thermal, photovoltaic,
and wind, into desalination operations to reduce re-
liance on fossil fuels and mitigate environmental im-
pacts.

However, desalination presents significant environ-
mental challenges. The discharge of concentrated
brine and the chemicals used in the pre-treatment
of installations can severely impact marine ecosys-
tems. Al-Karaghouli, A., and Kazmerski, L. L. (2013)

highlight that the salinity of discharges from reverse
osmosis plants is approximately twice that of seawa-
ter, while discharges from thermal processes have
a salinity about 15% higher, with temperatures 5 to
10°C above the marine environment. This increase
in temperature reduces dissolved oxygen concen-
tration, which in turn affects aquatic biodiversity. In
addition to these thermal variations, salinity gradient
increases disturb seawater stratification and create
a brine plume that is denser than the surrounding
seawater. As this plume sinks towards the benthic
zone, it affects exposed marine species by altering
the local environment. Elimelech, M., and Phillip, W.
A. (2011) also emphasized the environmental conse-
quences of thermoelectric processes, which gene-
rate significant greenhouse gas emissions. According
to their estimates, modern reverse osmosis facili-
ties consume between 3 and 4 kWh/m3 of produced
drinkable water, resulting in emissions of 1.4 to 1.8 kg
of CO, per m3. Additionally, the use of chemicals for
membrane pre-treatment and cleaning exacerbates
marine pollution.

From an economic perspective, the cost of desali-
nation depends on several factors, including initial
investment, type of energy used, water quality, and
labor costs. Lasseur, E., et al., (2009), in his study on
desalination in the Arabian Peninsula, demonstrates
that the choice of technology is heavily influenced by a
country’s energy resources. For example, Gulf coun-
tries favor MSF processes (Multi-Stage Flash distil-
lation) due to their abundant fossil fuel resources,
despite their high energy costs. Conversely, reverse
osmosis is more energy-efficient but requires a hi-
gher initial investment. The analysis by Zhou, Y. and
Tol, R, S., (2005) indicates a significant reduction in
desalination costs over the decades. The unit cost of
the MSF process dropped from $9/m3 in 1960 to $1/
m3in 2001, while for reverse osmosis, it declined from
$5/m3in 1970 to $1/m3in 2001. The integration of re-
newable energies into desalination appears to be a
promising solution for reducing the carbon footprint
of this technology. Zhou, X., et al. (2018) studied the
costs of solar desalination and concluded that this
method remains relatively expensive due to the high
price of solar collectors. However, they anticipate that
future technological developments and lower solar
panel production prices will make this option more
competitive.

Water and energy subsidies are critical to the sus-
tainable future of desalination. In the paper «Water
Subsidies, Desalination and Sustainable Resource
Management: Lessons from Algeria,» Maliki S.B et
al. (2024) assessed how subsidy policies apply to the
development of desalination. They included recent re-
gulations and trends in energy consumption in Algeria



as a part of their analysis and were able to determine
the relevance of energy subsidies for desalination,
especially in a country where natural gas production
is an essential component of its economy.

Their results suggest that if water and energy sub-
sidies were reduced, desalination costs could poten-
tially be out of reach for a considerable share of the
population, representing a significant governance
problem. They conclude with the important message
that desalination can provide access to potable wa-
ter; however, any associated cost increases from the
costs would lead to serious social implications, pri-
marily affecting the most vulnerable households.

Nonetheless, desalination provides a necessary
source of potable water in Algeria, where as many as
nearly 15 million people either currently depend on
it or will shortly (World Bank, 2021). This technolo-
gy not only alleviates tensions related to water shor-
tages but also reduces waterborne diseases through
stricter water quality control (Lattemann & Hapner,
2008). It also helps curb internal migrations driven by
drought, which particularly affect rural areas (Mezher
etal., 2011).

® Industry (TDS<10ppm)

@ Municipalities as drinking water (TDS 10ppm~<1000ppm)

Irrigation (TDS<1000ppm)

Tourist facilities as drinking water (TDS 10ppm-<1000ppm)

Power station (TDS<10ppm)
@ Military purposes (TDS<1000ppm)

Figure.1 Distribution of Desalinated Water by Sector in Algeria
Source: Desaldata, adapted from Plan Bleu Observatory (2023)

Furthermore, desalination stimulates multiple eco-
nomic sectors, including agriculture, industry, and
tourism. According to Desaldata (2023), the largest
share of desalinated water in Algeria is allocated to
municipalities as drinking water (around 60%), fol-
lowed by industry (approximately 30%) and power
stations (about 10%). This distribution underscores
the role of desalination in supporting both human
consumption and industrial productivity. Water-in-
tensive sectors such as petrochemicals and agri-food
benefit from a stable supply, strengthening their com-
petitiveness (Karagiannis & Soldatos, 2008). By ensu-
ring reliable water access, desalination also fosters
foreign investments and tourism development (World
Bank, 2021). A notable example is the Fouka complex,
which has created hundreds of jobs in the construc-
tion and operation of the plant (Ministry of Water Re-
sources, 2022).

From an environmental perspective, although desa-
lination poses challenges related to brine discharge
and energy consumption, it helps reduce pressure
on groundwater reserves and dams, which are of-
ten overexploited. This technology thus contributes
to the preservation of wetlands and aquatic ecosys-
tems, which play a key role in water regulation and
biodiversity (Lattemann, S., & Hopner, T., 2008). Final-
ly, desalination is perceived as a climate adaptation
solution, ensuring a stable and climate-independent
water source, a crucial issue for Algeria amid increa-
sing drought periods (World Bank, 2021).
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WATER AVAILABILITY IN ALGERIA

The water availability in Algeria exists within restric-
ted boundaries due to the uneven geographical distri-
bution of water resources across its territory. Surveys
position Algeria as the 16th most water-scarce nation
globally. The country is divided into five main hydro-
graphic basins: Oranie-Chott Chergui, Cheliff-Zahrez,
Algerois-Hodna-Soummam, Constantinois-Sey-
bousse-Mellegue, and the Sahara basin, which in-
clude a total of 19 watersheds aligned mostly north to
south (see Figure 2).

These basins differ significantly in terms of precipita-
tion, water infrastructure, and population density. The
Oranie-Chott Chergui and Cheliff-Zahrez basins, lo-

cated in the semi-arid west and center, are among the
most vulnerable due to low rainfall and high demand.
The Algerois-Hodna-Soummam basin, covering the
populous central coastal region including Algiers,
faces severe pressure from urban consumption and
pollution. The Constantinois-Seybousse-Mellegue
basin in the east is relatively better supplied, though
still under seasonal stress. The Sahara basin, cove-
ring over 80% of Algeria’s surface, holds vast fossil
aquifers but has extremely limited renewable water
resources.

Since independence, Algeria’s water availability per
capita has steadily declined from 1,500 m?3/year in
1962 to just 397 m? today and is projected to reach
only 220 m3 by 2050, well below the 500 m?3 threshold
for absolute water scarcity.

CHEUFF
ZAHREZ
ORANIE
CHOTT
CHERGUI
SAHARA

Figure.2 Representation of the Five Hydrographic Basins in Algeria
Source: Algerian Ministry of Water Resources

Algeria’s total renewable water availability is esti-
mated at around 18 billion m3 per year, far below the
Mediterranean average. According to FAO data, the
per capita renewable water availability in Algeria is
below 500 m3/year, while countries like France or Italy
exceed 2,000 m3/year, placing Algeria in the extreme
water stress category compared to many Mediter-
ranean nations.

These limited resources are also unevenly distributed
across regions. The northern part, which represents
only 7% of the national territory, receives around 12.5
billion m3/year, with 10 billion m3? coming from sur-
face water and 2.5 billion m3 from renewable ground-

water. In contrast, the Saharan regions, including the
High Plateaus and Saharan basins, account for about
5.5 billion m3/year, of which 0.5 billion m3 comes from
surface water and 5 billion m3 from fossil aquifers.
These fossil aquifers are a major but non-renewable
source, posing critical challenges for sustainable wa-
ter management. To better understand the spatial
disparity of water resources, a map-based represen-
tation could be added to highlight the distribution of
surface and groundwater resources across the five
hydrographic basins, complementing the existing pie
charts and enabling a clearer geographic understan-
ding of regional water potential and stress.
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Figure.3 Distribution of Surface and Groundwater Resources Across different Hy-
drographic Basins
Source: Algerian Ministry of Water Resources

The water resources in the nation follow a major
uneven pattern of distribution. Eastern Algerian ba-
sins represented by Constantinois Seybous Mellegue,
along with Algérois Hodna Soummam, control about
70% of the national surface water resources. Other
parts of Algeria remain restricted from accessing
their fundamental water resource supply. Groundwa-
ter resources of the Algérois Hodna Soummam basin
exceed those of the western Chellif Zahres basin by
more than double the amounts.

These inequalities in water resource distribution,
combined with a continuous decline in water avai-
lability, necessitate rigorous and sustainable mana-
gement. The effective solution to Algeria’s growing
water scarcity problems will require alternative ac-

B Oranic Chott Chergui

B Algérais Hodna Soummam
W Constantinois Seybous
Mellegue

Chliff Zahres

W Sahara

tions, including seawater desalination combined with
optimized irrigation distribution and conscious water
usage promotion among citizens.

WATER MANAGEMENT POLICY IN
ALGERIA

Algeria’s water policy is structured around two main
strategic pillars: the first focuses on hydraulic in-
frastructure development, while the second empha-
sizes resource optimization and conservation. These
approaches align with Supply-Side Management and
Demand-Side Management, respectively, as men-
tioned in Table 1.

“ Supply-Side Management Demand-Side Management

Objective

Building dams, reservoirs, desa-
lination plants, and wastewater
treatment

Strategy

Large financial investments, pu-
blic-private partnerships, national
water programs

Governance Measures

Main Programs
Investment Focus

Challenges

Increase water availability through
infrastructure development

Regional water transfer programs,
desalination, wastewater recycling

Hydraulic infrastructure, desalina-
tion plants, boreholes, reservoirs

Financial dependency, regional
disparities in access

Optimize water use and reduce
waste

Awareness programs, tariff reforms,
rationing, water meter installation

Public education, progressive tariffs,
monitoring consumption

Water conservation awareness, edu-
cational campaigns, rationing

Consumer behavior change, cost
recovery

Public behavior change, intermittent
distribution

Supply-Side Management and Demand-Side Management

Source: Author’s elaboration
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Supply-Side Management

Public authorities introduced a supply-driven policy to
addressissues such as population growth, rising living
standards, and decreasing rainfall, particularly after
the 2001 drought. This approach involved substantial
financial investment in hydraulic infrastructure, in-
cluding new dams, hillside reservoirs, boreholes, and
desalination plants. Water transfer programs at the
regional level aim to equalize access across different
areas, focusing on agricultural zones as part of the
national food security plan.

Investments in the Water Sector

The government has made significant financial in-
vestments in hydraulic facilities, allocating 2,297 bil-
lion Algerian dinars (about 23 billion euros) between
1999 and 2009. Investments continued at similar le-
vels in the subsequent decade, resulting in the mo-
dernization of dams, reservoirs, desalination plants,
and wastewater treatment stations.

594
490,3
196
167,6 178 184
144,3
121,4 116,3
76

28,5
[
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure.4 Annual Investments in Algeria’s Water Sector (1999 - 2009)
Source: Algerian Ministry of Water Resources

Demand-Side Management

The Water Law of 2005 emphasizes the rational ma-
nagement of water resources and aims to reduce
waste. Several measures have been putin place to op-
timize consumption and encourage responsible use:

e Awareness Programs: The Hydraulic Basin Agen-
cies (Agences de Bassins Hydrauliques - ABH)
have been promoting water conservation through
education, including a «Water Class» module
introduced in school curricula and media cam-
paigns.

e Tariff Reforms: A progressive pricing system
was introduced to align water costs with actual
consumption. This system aimed to improve cost
recovery and reduce waste.

e Water Rationing: In areas facing chronic scarcity,
intermittent water distribution has been used as
a mechanism to regulate demand and ensure mi-
nimum access.

e Water Meter Installation: The widespread instal-
lation of water meters allows for better tracking
of household and industrial consumption, leading
to more accurate billing and reducing unmoni-
tored losses.

STATUS OF DESALINATION
ALGERIA

Desalination Program in Algeria

Desalination projects in Algeria date back to the early
1980s, with the establishment of the first desalination
units along the coast (Skikda and Arzew) to meet the
water needs of industrial zones. However, it was not
until 2003 that favorable conditions allowed for the
launch of several large-scale projects under the su-
pervision of the Ministry of Water Resources (MWR)].

The Algerian desalination sector contains 25 seawa-
ter desalination plants (SWDPs), yet the country plans
to construct 11 new plants under its complementa-
ry program launched in 2022. According to Lahcene
Bada CEO of Algerian Energy Company, Algerian de-
salination facilities have secured the leading position
among all African seawater desalination establish-
ments. Algerian President Abdelmadjid Tebboune
reaffirmed in December 2024 that the new desalina-
tion facilities would begin operation in February 2025
to ensure a reliable drinking water supply.
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Figure.5 Evolution of Water Desalination Production Capacity (1995-2022)
Source: Author’s computation

The desalinated water output of Algeria reaches 2.1
million m3 daily through its 14 operational desalina-
tion plants installed along the coastal regions. The
national production capacity of desalinated water is
projected to reach 3.6 million m3 per day after every
project under the complementary presidential pro-
gram has been constructed. Each new plant built un-
der this program will have a daily capacity of 300,000
m3. The predicted total addition brought by water sup-
ply will generate 1.5 million m?3 daily.

The country now deeply recognizes water resources
as vital components for maintaining stability together
with both security and socio-economic development.
The substantial investments in desalination in-
frastructure help Algeria both eliminate climate-de-
pendent water supply risks and establish full control
over its water resources. The nation’s autonomy de-
pends heavily on this water independence factor.

The government has allocated large financial re-
sources to the desalination industry because of re-
servoir water depletion which resulted in complete
dry-ups of facilities like Bakhadda reservoir in Tiaret
during the summer of 2024.
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Figure.6 Spatial Distribution of the Main Desalination Plants in Algeria
Source: https://algeriepart.com/wp

Development of Desalination Technologies

Desalination, particularly through reverse osmo-
sis (RO), is essential for Algeria’'s water supply, es-
pecially in drought-prone regions. RO technology,
which uses high pressure to push seawater through
semi-permeable membranes, is favored for its ener-
gy efficiency and cost-effectiveness, despite its high
energy demands. It now accounts for 80% of global
desalination facilities. While thermal distillation re-
mains an option, RO is more resource-efficient and
economically viable.

Ongoing research is integrating renewable energy
sources, like solar and wind power, to reduce reliance
on fossil fuels and minimize environmental impacts.
The advancement of RO membranes and energy reco-
very systems has made desalination more accessible
and affordable. However, ecological concerns, parti-
cularly brine disposal, remain a challenge, necessita-
ting sustainable management practice.

 ED (Electrodialysis)

@ MED {Multi-effect Distillation)
# MSF{Multi-stage Flash)

w COther / Unknewn

o RO {Reverse Osmosis)

Figure.7 Distribution of Desalination Technologies in Algeria
Source: Authors’ calculations based on Plan Bleu Observatory data (DesalData
Database, GWI group]




The Costs of Water Desalination in Algeria

Water desalination initiatives throughout Algeria
maintain a critical position because they solve wa-
ter shortages together with their expanding drinking
water requirements. The data released by Plan Bleu
(2024) shows a substantial rise in desalination capital
expenditures (CAPEX] throughout Algeria due to an
anticipated 96.31% yearly increase from 2018 through
2027. The government maintains its firm dedication to
developing robust desalination facilities as indicated
by current trends.

However, operating expenditures (OPEX) remain a
major challenge due to high energy consumption
and maintenance costs. Reports indicate that OPEX
reaches $134/m3 for plants utilizing seawater re-
verse osmosis (SWRO) and $145/m3 for those using
multi-effect distillation (MED). The following graph il-
lustrates this evolution in investments and operating
costs, highlighting the scale of resources allocated to
support desalination in Algeria.
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Figure.8 Expenditure Variation in CAPEX and OPEX in Algerian Desalination Plants
Source: Authors’ calculations based on Plan Bleu Observatory data (DesalData
Database, GWI group)

Regarding the cost of desalinated water, estimates for
Algeria vary depending on the technology used:

e Seawater Reverse Osmosis (SWR0J: $0.84/m3
e Multi-Effect Distillation (MED): $1.15/m?

These costs remain relatively competitive compared
to other Mediterranean countries. For instance, in
Spain, the cost of SWRO desalinated water ranges
from $0.90 to $1.50/m?3, depending on plant size
and energy pricing. In Tunisia, due to smaller-scale
operations and less energy-efficient infrastructure,
SWRO costs are typically between $1.05 and $1.30/m3
(Plan Bleu, 2022; GWI, 2023).

Algeria’s capital expenditure (CAPEX] for desalination
plants is estimated at $1,000 to $1,200 per m?¥/day of
installed capacity, while operating expenditure (OPEX)
reaches approximately $134/m3 for SWRO and $145/

m3 for MED. In comparison, Spain’s CAPEX for mo-
dern SWRO facilities averages around $1,200/m3/day,
and OPEX ranges from $0.50 to $0.70/m3, depending
on the use of energy recovery technologies and plant
efficiency.

To enhance long-term sustainability, Algeria needs to
modernize its infrastructure and integrate renewable
energy sources to reduce fossil fuel dependency and
lower production costs. Between 2000 and 2020, the
average cost of desalination in Algeria declined by
approximately $0.10/m3 every five years, reflecting
progress in technology, energy strategy, and public
policy.
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Figure.9 Evolution of Desalination Costs (2000 - 2025]
Source: Authors’ calculations based on Plan Bleu data

It is observed that CAPEX tends to decrease with
technological innovation, whereas OPEX remains a
major challenge. Thermal processes (distillation] are
particularly affected, with operational costs decrea-
sing slightly from $2.5/m3 in 2000 to $2.0/m3 in 2025,
yet remaining higher than SWRO costs.

Several interrelated factors influence desalination
costs:

e Salinity and quality of feedwater

e Plant capacity / technology / maintenance

e Energy use and labor costs

e Regulatory, political, and  environmental
constraints

Given the high energy costs associated with desali-
nation, Algeria is exploring sustainable alternatives.
The integration of renewable energy appears to be
a promising solution for reducing reliance on fossil
fuels and minimizing long-term costs. Studies, such
as those by Zhang, Y et al. (2018), suggest that so-
lar-powered desalination could become more compe-
titive in the coming years, despite high initial invest-
ment costs related to solar panels and energy storage
infrastructure.

Water Cost (USD/m3)

Average 0.739925
Median 0.735
Standard Deviation 0.097576574
Range 0.34
Minimum 0.56
Maximum 0.9
Number of Samples 8

Desalination Costs Based on a Sample of Eight
Desalination Plants
Source: Authors’ calculations based on Plan Bleu data



The expansion of desalination capacity in Algeria
not only responds to the growing water demand but
also benefits from gradual cost reductions driven
by technological advancements (Ghaffour, N., et al.,
2013). These innovations make desalinated water
more competitive compared to other water sources.
However, the high energy consumption of desalina-
tion plants remains a significant obstacle, directly im-
pacting the final cost of water.

The adoption of sustainable energy sources will be
essential to ensuring the economic and environmen-
tal viability of desalination in Algeria in the long term.

PROJECTIONS OF WATER DEMAND
AND WASTE FOR 2100 IN ALGERIA

This section presents the projected outcomes derived
from the modeling framework detailed in the metho-
dology. The projections illustrate the increasing pres-
sure on Algeria’s water resources due to population
growth and highlight the scale of investment required
in desalination infrastructure and brine management
by 2100.

Population Growth, Decline in Water Availabi-
lity and Water Deficit

According to the exponential growth model, Algeria’s
population is projected to reach 68 million by 2050
and 143 million by 2100, a threefold increase from
the current population. Given a constant national
freshwater availability of 12 billion m3/year, this po-
pulation growth will lead to a sharp decline in water
availability per capita:

Year Projected Water Availability
Population (m3/capita/year)
260

Average 49 million

Median 68 million 176
Standard -
Deviation 143 million 83

Projected Population and Water Availability in Algeria
(2025-2100)
Source: Author’s elaboration

This trend places Algeria well below the 500 m3/year
threshold for absolute water scarcity, as defined by
the World Health Organization.

To maintain a minimum of 500 m?3 per person annual-

ly, the estimated water demand will significantly ex-
ceed the fixed supply. The resulting deficits are:

Projected Water Deficit (Billion m3)

2025 11
2050 22
2100 59

Projected Water Deficit in Algeria (2025-2100)
Source: Author’s elaboration

These Tables underline a widening gap between sup-
ply and demand, which calls for urgent water mana-
gement interventions.

Desalination Infrastructure Requirements and
Brine Discharge Projections

To bridge the projected water deficits, Algeria would
require substantial increases in desalination capa-
city. Based on a standard daily output of 200,000 m?3
per plant, the following additional desalination plants
would be required:

Projected Water Deficit (Billion m?)

2025 - 52
2050 - 82
2100 - 185

TABLE 5
Projected Plants Needed in Algeria (2025-2100)
Source: Author’s elaboration

This implies a nearly fourfold expansion in infrastruc-
ture over the next 75 years, particularly along the
coastal regions where seawater access is feasible.

As desalination output rises, so will the volume of
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brine discharged into the marine environment. Assu-
ming an average brine-to-freshwater ratio of 1.5, the
expected annual brine volumes are as follows:

Year Brine Discharge
(Billion m3/year)

2025 17
2050 33
2100 90

TABLE 6
Projected Brine Discharge in Algeria (2025-2100)

Source: Author’s elaboration ) )
The ecological implications of these discharges will

depend on brine management practices and the im-
plementation of mitigation technologies.

These projections reinforce the urgency of sustai-
nable planning. Algeria faces an intensifying water
crisis that cannot be addressed solely through tradi-
tional supply-side solutions. Expanding desalination
capacity, optimizing water use, and integrating re-
newable energy will be essential for long-term water
security. In parallel, environmental policies must be
strengthened to prevent the degradation of marine
ecosystems due to brine discharge.

ASSESSMENT OF HOUSEHOLDS’
SOCIAL ACCEPTABILITY IN ALGE-
RIA

To complement the technical and environmental ana-
lysis, a field survey was conducted to assess public
perception and social acceptability of seawater desali-
nation in Algeria. The survey targeted 200 households
in the Tlemcen region, chosen for its increasing re-
liance on desalinated water. This section presents
the main results of the survey and offers insights into
users’ acceptance, concerns, and expectations regar-
ding desalinated water.

Water Consumption and Quality of Desalinated
Water

The survey results show diverse patterns of desali-
nated water consumption behavior among respon-
dents. Specifically, 46% of respondents reported using
desalinated water, 32% had never tried it, and 22%
were unaware of the source of their water consump-
tion. The selection of drinking water origins showed-

different choices among the respondents. Bottled
water stood as the leading choice for water among in-
terviewees because 46% of survey participants chose
it over tap water and other sources that amounted to
26%. The main methods of drinking water acquisition
included wells at 24% consumption and wells as the
main source at 4%.

Have you ever consumed desalinated water?

Do know
[Z2%)

Yas
(46%)

Pourcentage

Figure.10 Behavioral Determinants of Household Use of Desalinated Water
Source: Author’s elaboration

Respondents expressed varying opinions regarding
the quality of desalinated water. The findings indicate
that 10% rated it as very poor, while 24% considered
it poor. The majority, 54%, described the quality as
average, while 10% assessed it as good and only 2%
considered it excellent. When asked to compare de-
salinated water to groundwater or water from dams,
28% believed it was inferior, while 18% judged it to
be of better quality. These mixed responses suggest
a general skepticism or limited confidence in the
consistency of desalinated water quality, potentially
shaped by regional differences or past experiences.



On a scale from 1 to 5, how would you rate the quality of tap water?

Figure.11 Quality of Desalinated Water
Source: Author’s elaboration

Household Confidence and Willingness
to Pay

Survey participants display very different levels of
confidence when it comes to desalinated water qua-
lity. Safety and quality perceptions regarding desa-
linated water are confident for 28% of respondents,
while 42% show uncertainty, and the remaining 30%
keep an impartial stance. A large population of 86
percent shows interest in paying higher costs for
enhanced tap water standards; however, 14 percent
reject any increase in prices. A significant portion of
30% respondents find an offer of less than 30 DZD per
m3 acceptable to improve water quality. In compari-
son, 44% bargain between 30 and 50 DZD, 16% agree
on prices between 50 and 80 DZD, and 4% are comfor-
table with prices over 80 DZD.

What price would you be willing to pay for 1m? of higher-quality tap water?

Less than 30 DZD 34%

More than B0 DZD

o L] 10} 18 a

Do you trust the quality of desalinated water?

Figure.12 Trust in Water Services and Financial Willingness
Source: Author’s elaboration

Have you noticed a diffy d water and water from other sources

(groundwater, dam)?

fes, positve

Switching from Bottled Water to Desalinated
Water

This study analyzed how better quality desalinated
water would impact the demand for bottled water.
Survey participants showed that 60% would replace
their bottled water purchases with desalinated water
if its quality could be enhanced, but 22% were unde-
cided. In comparison, 18% would continue using bott-
led water in any case. A wide range of expenditures
on bottled water exists among the study participants
per month. Among respondents surveyed about their
monthly bottled water expenditures, approximately
33% invest between 1,000 and 2,000 DA, followed by
21% who allocate 500 to 1,000 DZD, and 19% who
spend less than 500 DZD. In contrast, 27% spend
more than 2,000 DZD.

How much do you spend on average per month on bottled water?

More than 2000 DZD

27%) 1000 - 2000 DZD

500 - 1000 DZD
21%)

id i d water were

d to be of good quality,

would you stop buying bottled water?

Figure.13 Behavioral Determinants of Household Use of Desalinated Water
Source: Author’s elaboration
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Perception of Technology and Support for De-
salination Policy

Public perception of desalination as a solution to wa-
ter concerns was evaluated through a survey. Desali-
nation proves suitable according to an overwhelming
majority 86% though 8% disapprove of using this me-
thod. The majority of people surveyed, 86% advocate
for increased governmental financing of desalination
projects, since 2% oppose additional investment.

In your opinion, is desalination a good solution to

address water shortages in Algeria?

Yes
a5

Do you think the government should invest more in desalination?

N
| dont know _
1

Figure.14 Community Attitudes Toward Desalination Technology and Policy
Source: Author’s elaboration

The respondents find the prices for tap water to be
satisfactory, with 82% considering them appropriate,
while 8% see them too high and 10% believe they are
insufficient. The research findings enable govern-
ment officials to understand public water expecta-
tions, which direct their water resource management
choices in Algeria.

CHALLENGES AND RECOMMENDA-
TIONS

Discharge of brine from desalination presents signi-
ficant environmental and cost obstacles to the de-
velopment of desalination as a potential solution to
extreme water shortages in dry areas. To increase the
use of desalination as a climate adaptation strategy,
we must utilize renewable power sources (e.qg., solar,
wind) to alleviate costs and lower carbon emissions.

Secondly, we need to enact stringent environmental
regulations, including environmental assessments.
Also, we must integrate water-use efficiency systems
and minimize water losses in our water manage-
ment policies. An effort to expand inland desalina-
tion, accompanied by efficient water transport sys-
tems, along with a closer integration with wastewater
treatment, could afford some dilution of waste brine.
Alternatively, the potential reuse of brine waste as
commodity chemicals or in aquaculture would be
of additional benefit. Importantly, we should priori-
tize our research and development efforts on these
technologies to benchmark, lower cost, and further
clarify water quality and thus safety issues. Imple-
menting best practices that align with biophysical site
selection for discharge (columnar water depth and
high current) can help mitigate environmental costs.
Assistance programs for financing are necessary to
ensure operational costs are affordable and to reduce
equity issues.

The pricing of water itself can change (and often does)
to reflect the values placed on the infrastructure nee-
ded for these services. Expanding potable water ca-
pabilities through desalination for domestic use in
water-limited areas is crucial for meeting the future
needs of the global population. By improving commu-
nity consumer confidence in tap water services, we
can challenge the bottled water sector.

As a practical recommendation, we advise:

1. The pilot projects in Algeria, which connect so-
lar power to desalination, for example, the so-
lar-powered desalination plant in Hassi R'Mel,
demonstrate how reducing fossil fuel consump-
tion can contribute to sustainable desalination
processes. With additional renewable energy
input, operational costs and carbon emissions
would be reduced.

2. There is an urgent need for the Algerian govern-
ment to enhance regulation and enforcement
of new and existing desalination plants, thereby
protecting coastal environments in their proxi-
mity.

3. Start using best practices, such as brine mixing
with treated wastewater or using brine for salt
extraction, to minimize harm to marine ecosys-
tems.

4. Expanding initiatives of public surveys around
water quality will build trust in desalinated water.

5. Introducing a tiered pricing system linked to wa-
ter quality improvements, aligned with public wil-
lingness to pay (as found in surveys), can finance
better treatment without social backlash.



CONCLUSION

The strategic adaptation of water management in
Algeria must extend over the long term because the
country faces challenges from reduced resources and
population growth that threaten drinking water sus-
tainability and accessibility. Water stress, together
with shortages, has affected Algeria for multiple de-
cades due to its restricted water resources across the
country. The high cost and energy usage of seawater
desalination offer a necessary solution to satisfy ex-
panding water demands within coastal settlements
as well as metropolises.

The solution poses several challenges. The process of
desalination leads to concentrated brine production
that presents substantial environmental harm to ma-
rine life, for instance, in cases of unregulated brine
disposal. High expenses from desalination projects
extend through capital investment costs, together
with operating energy costs, thus making the sustai-
nable implementation of this technology challenging.
Multiple actions need to be implemented to resolve
existing challenges. Adopting solar and wind power
as renewable energy sources for desalination plants
allows for a reduction in carbon emissions and
creates a more eco-friendly process. Environmen-
tal regulations require expansion with strict impact
assessments to follow before new facilities receive
construction authorization. Implementing efficient
water management systems and techniques to reduce
leaks through dilution methods for brine discharges
will help mitigate the negative impact of this techno-

logy.

The government of Algeria provides significant fun-
ding for building water infrastructure through its
investments. The water pricing system requires mo-
dification to ensure fair and efficient access to wa-
ter distribution. The introduction of support systems
should lower desalinated water costs for broad sec-
tions of users while promoting better water usage
habits.

While seawater desalination represents an effective
solution to Algeria’s water shortages, the adoption of
an integrated approach that combines technological
innovation, rigorous resource management, and sus-
tainable financing strategies will resolve the problem
sustainably. Research and innovation in desalination,
water resource management, and pricing policies
are the principal axes to secure a future where eve-
ry citizen has access to quality drinking water while
preserving the environment and optimizing available
resources.
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CAN DESALINATED WATER DRIVE AGRICULTU-
RAL GROWTH IN ALGERIA? A FEASIBILITY
STUDY FOR ECONOMIC AND SUSTAINABLE
DEVELOPMENT
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Abstract

Algeria faces severe water scarcity, constraining agricultural productivity and food security. While
desalinated water currently supports urban needs, it has not been leveraged for agriculture, pri-
marily due to economic and logistical challenges. This study explores the potential for desalination
to enhance agricultural resilience, addressing regional water challenges and supporting Algeria’s
progress toward SDG targets. The aim of this study is to evaluate the feasibility and economic, so-
cial and environmental implications of using desalinated water in Algerian agriculture through a
Computable General Equilibrium (CGE) model, calibrated with an Environmentally Extended Social
Accounting Matrix (EE-SAM) derived from an updated 2023 Input-Output Table.

Three scenarios are explored: (1) status quo with desalinated water restricted to urban uses; (2)
reallocation of existing desalinated supply to agriculture; and (3) expansion of desalination capacity
to meet new agricultural demand. Results show that agricultural integration boosts total output,
labor income, and rural employment, supporting SDGs related to hunger, water use efficiency, and
climate resilience. However, increased brine discharge and energy demand highlight environmen-
tal trade-offs. These insights inform the design of integrated water-agriculture strategies in arid
economies. Keywords: desalinated water, Agriculture, water scarcity, Computable General Equili-
brium model, SDGs, Algeria.



INTRODUCTION

Statement of research

Water scarcity is one of the most pressing challenges
facing Algeria, particularly in the agricultural sector,
which accounts for 64% of total water withdrawals
and employs nearly 11% of the labor force (FAO,
2023; World Bank, 2022). Agriculture remains a cor-
nerstone of rural livelihoods and food security, but it
is increasingly strained by climate variability, ground-
water overuse, and population pressures. Algeria’s
renewable internal freshwater resources have drop-
ped to less than 300 m?® per capita per year, far below
the water scarcity threshold of 500 m3 (World Bank,
2022). These structural constraints have led to decli-
ning agricultural productivity and increased vulnera-
bility in rural areas, threatening both national food
resilience and socio-economic stability.

At the same time, Algeria has invested significantly in
desalination infrastructure, positioning itself as one of
the leading countries in the Mediterranean in terms of
desalination capacity. By the end of 2024, the country
plans to produce 3.7 million cubic meters of desali-
nated water per day, meeting 42% of its population’s
needs (Reuters; 2024). These plants, primarily de-
signed to meet urban and industrial water demands,
produce millions of cubic meters of freshwater an-
nually. However, despite the proven capability of de-
salination to address water scarcity, its potential to
support agriculture, a sector that accounts for the
majority of water consumption, remains unexplored.

The barriers to desalinated water use in agriculture
are multifaceted. Economic constraints, including the
high costs of production and energy requirements,
pose significant challenges. Logistical issues, such
as the transportation of desalinated water to inland
agricultural areas, further complicate its application
(Martinez-Alvarez et al., 2019). Moreover, environ-
mental concerns, including high energy consumption,
potential climate change impacts, and brine disposal,
raise concerns about its alignment with sustainable
development goals (SDGs) (Sewilam & Nasr, 2017;
Zolghadr-Asli et al., 2023). In addition, from a tech-
nical standpoint, desalinated water is often deficient
in essential ions like magnesium (Mg20) and calcium
(Ca20), which are critical for crop development, parti-
cularly vegetables and fruiting plants (Shaffer et al.,
2012). This mismatch requires costly post-treatment
or blending with mineral-rich water sources to meet
agricultural standards. These cumulative challenges
have left a critical gap in research and policy regar-
ding the feasibility and sustainability of desalinated
water for agricultural use. These challenges have
left a critical gap in research and policy regarding the
feasibility and sustainability of desalinated water for
agricultural use in Algeria.

This study seeks to address this gap by exploring
whether desalinated water can be a viable solution
to enhance agricultural productivity and resilience
in Algeria. Drawing on successful international exa-
mples, such as Spain, where desalination has sup-
ported agricultural development, this research
evaluates the economic, environmental, and social
impacts of integrating desalinated water into Alge-
ria’s agricultural sector. Using advanced analytical
tools, including Social Accounting Matrices (SAM] and
static Computable General Equilibrium (CGE) model-
ling, this study provides a comprehensive framework
for assessing the feasibility of desalinated water in
agriculture and offers evidence-based recommenda-
tions for sustainable water management. By addres-
sing the intersection of water scarcity, agricultural
sustainability, and economic resilience, this research
contributes to the broader discourse on sustainable
development in water-scarce regions.

Literature review

The use of desalinated water in agriculture is a mul-
tifaceted issue that requires a comprehensive as-
sessment to address the interrelated challenges of
climate, water, energy, and food security. The cli-
mate-water-energy-food (CWEF) nexus has been
proposed as a framework to evaluate the potential
and challenges of desalination for irrigation, empha-
sizing the need to consider social, economic, and en-
vironmental factors holistically (Zolghadr-Asli et al.,
2023). This approach is particularly relevant for un-
derstanding the trade-offs and synergies associated
with desalination, such as balancing water resource
availability with energy consumption and agricultural
productivity.

A complementary framework is the Water-Ener-
gy-Food (WEF) nexus, which focuses on optimizing
resource use to achieve water and food security while
maintaining energy sustainability. Several studies
highlight that desalination—especially when powered
by renewable energy—can contribute to sustainable
water supply systems for agriculture, but its feasi-
bility depends on local economic and environmental
conditions (Abdelzaher et al., 2023; Drouiche et al.,
2022; Mostefaoui et al., 2024). These findings empha-
size the need for context-specific assessments that
consider the full life-cycle impacts of desalination,
including brine disposal and carbon intensity.

To measure agricultural sustainability, the Sustai-
nable Accounting Matrix (SAM] offers a quantitative
framework for assessing national performance indi-
cators. By revealing trade-offs and synergies across
economic, environmental, and social dimensions, this
tool provides valuable insights into the sustainability
of agricultural practices, including irrigation strate-
gies involving desalinated water (Zhang, Zhao, et al.,
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2021). The matrix highlights critical areas where im-
provements in one dimension (e.g., agricultural pro-
ductivity) may come at the expense of another (e.g.,
environmental footprint), emphasizing the impor-
tance of balanced policy design.

For developing countries, the Social Accounting Ma-
trix (SAM] has proven to be an effective tool for eva-
luating the economic impacts of policy interventions,
particularly in the agri-food sector. A notable exa-
mple is the Kenya SAM 2014, which demonstrated the
primary sector’s capacity to generate value-added
production and employment, especially for rural
households engaged in semi-subsistence agricultu-
re (MainarOCausapé et al., 2020; Zhang, Yao, et al.,
2021). By capturing the interlinkages between sec-
tors, households, and external factors, SAMs provide
a robust foundation for assessing the economic feasi-
bility and broader impacts of integrating desalinated
water into agriculture.

Together, these frameworks the CWEF' nexus, the
Sustainable Agriculture Matrix, and the Social Ac-
counting Matrix offer complementary approaches to
evaluate the sustainability and feasibility of agricultu-
ral practices involving desalinated water (Zhang, Yao,
et al., 2021). They enable comprehensive analyses of
the economic, environmental, and social dimensions
of desalination, supporting evidence-based policy de-
sign for sustainable agriculture. This study builds on
these frameworks to explore the potential of desali-
nated water in Algeria’s agricultural sector, addres-
sing the unique challenges posed by water scarcity,
energy demands, and socio-economic development.

Despite growing interest in desalinated water as a
solution for water-scarce regions, there are signifi-
cant methodological gaps in assessing its feasibility
and sustainability for agricultural use, particularly in
Algeria and other mediterranean countries, where
desalination is not yet applied in agriculture. Existing
research often lacks integrated economic-environ-
mental models capable of simultaneously assessing
financial feasibility, energy demands, and environ-
mental impacts, such as emissions. Additionally, and
to the best of our knowledge, this study is the first to
explore SAM and CGE modelling in this context. Fur-
thermore, the research aligns with Algeria’s commit-
ments to the Sustainable Development Goals (SDGs),
particularly those focused on clean water access (SDG
6), climate action (SDG 13), and sustainable agricultu-

re (SDG 2) which provides a foundation for developing
integrated water management strategies that ba-
lance economic, environmental, and social goals.

METHODOLOGY

This study combines a Social Accounting Matrix
(SAM)? framework with a static Computable General
Equilibrium (CGE) model® to evaluate the potential
and feasibility of using desalinated water in Algerian
agriculture. Given Algeria’s current reliance on de-
salinated water exclusively for urban and industrial
purposes, the analysis explores hypothetical scena-
rios in which desalinated water is allocated to agri-
culture. This approach is designed to assess potential
economic, environmental, and social impacts under
Sustainable Development Goal (SDG) criteria using a
static CGE model.

This methodology is well suited regarding its ability
to:

e Provide detailed assessment of the economy-wide
impact of introducing the desalinated water into
agriculture.

e |llustrate how different sectors [(e.g., desalina-
tion, agriculture, energy) and institutions (e.g.,
households, government) interact and adjust to
the policy change.

e Evaluate the economic feasibility of desalinated
water use by analyzing impacts on GDP, income
distribution, and sectoral outputs.

e ltallows for alignment with SDG goals by integra-
ting economic, environmental, and social dimen-
sions (e.g., food security, energy use, emissions).

The figure 01 below illustrates the methodology em-
ployed in this study to assess the feasibility and sus-
tainability of using desalinated water in agriculture.

1 The Climate-Water-Energy-Food ([CWEF) Nexus is an integrated approach that examines the interconnections between climate

change, water resources, energy production, and food security.

2 A Social Accounting Matrix (SAM] is an economic tool that provides a comprehensive snapshot of all transactions within an economy
during a specific period, usually one year. It captures the flow of income and expenditures among different sectors, institutions, and

factors of production. (Capausé et al.; 2018)

3 A static Computable General Equilibrium (CGE) model is an economic modeling framework used to analyze how an economy reacts
to changes, such as new policies or external shocks, at a single point in time. It simulates the economy by capturing the interactions
between producers, consumers, government, and international trade, based on microeconomic principles and input data like a Social

Accounting Matrix (SAM). (Cassar et al., 2024)



Methodology steps
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BASELINE SAM IMPLEMENTATION OF SCENARIO
CONSTRUCTION SDGS DEVELOPMENT: CGE MODELLING
Introducing

Establishing the
current state of the
economy

Aligning SAM with
the sustainable
development goals

Figure.1 Methodology steps
Source: by the author’s

Algeria Input-Output table (I0T) 2023

The 10_T structure

The Input-Output Table (I0T) for Algeria was updated
from the most recently available version (2015) ((GWS),
2023) to the year 2023 using a structured approach
combining national accounts, macroeconomic aggre-
gates (GDP, consumption, investment, trade), secto-
ral production and employment data, and specialized
statistics on desalination capacity, costs, and output
from Plan Bleu observatory. The update preserved
the structure of the original I0T while integrating a
new sector—desalination—reflecting its contribution
to water supply for municipal and industrial uses.

Desalinared water
into agriculture
under hypothetical
scenarios

Analyzing Economy
wide impacts using
the modified SAM
model

Updating the 10T

In order to update the Algerian Input-Output table to
2023, this paper adopted a hybrid method combining
the RAS technique” (Polenske, 1997; Wang et al., 2015)
with macroeconomic extrapolation based on available
national accounts and international datasets.

4 The RAS technique is a widely used matrix-balancing method that adjusts an initial input-output matrix to match updated row and
column totals, while preserving the internal structure as much as possible. It is named after the three components involved: row

adjustments (R), column adjustments [A], and scaling factors (S).
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“ Methodology Metric (Unit of Measurement)

Compound annual growth rate GDP by activity (ONS,World

il 0,
Sectoral Output (CAGR) Bank) Billion DZD (or % growth/year)
Final Demand (HH/Gov)  Scaled from 2015 proportions UN National Accounts, CEIC Billion DZD
Investment Proxy: 10% of gross output LRSI R T Billion DZD or % of output
observatory
Imports and exports Sector mapping and reconci- UN COMTRADE (2023), Natio- Billion DZD / USD
liation nal Accounts

Plan Bleu Observatory
database (2023), DesalData
database from GWI, Author’s
calculations

Volume x unit cost (converted to
Desalination Output DZD); inputs based on technical
shares

m3/day and DZD/m?3

Effective tariff application per UN COMTRADE, Algerian

. - ; - 0 .
Import Duties input (e.g., chemicals, equip Tariff Book % rate on import value
ment)
. Inflation adjusted; exchange
Price/Currency Update rate = 135 DZD/USD World Bank WDI, CEIC, ONS Index (base year), DZD/USD

Balancing (RAS method) Proportional scaling to enforce  Author’s model; UN SNA me-

Total Use = Total Resources thods; Lahr & Mesnard (2004)
TABLE 1

Steps of updating the Algeria IOT table 2023
Source: by the authors

Dimensionless (ratios)

Building an Environmental Extended Social Ac-
counting Matrix (EE-SAM)

The EE-SAM structure

The SAM represents the backbone to assess the 2023 to include institutional accounts, factor pay-

macrt_)economic and environmental implications of ments, and environmental extensions and maintains
desalinated water use across sectors. The EE-SAM  the structure of the 19 sectors organized into four

built for this study is an extension to the updated 10 main economic groups.

Agriculture Agriculture, forestry, fishing
Manufacture Hydrocarbon industry, Iron and steels, Chemicals, Food industry, Desalination (em-
(industry) bedded)®
Construction Construction materials, building, petroleum services...
Services Water and energy, Public Works, Business Services, Transport, Government Services
Environment® Brine discharge, Energy consumption, CO2 emissions

Sectoral Grouping Used in the Algerian Input-Output Table and Environmental Extension (2023)
Source: by the authors

5 Although the Desalination sector is embedded in the Manufacturing group in the current I0T and SAM, the model tracks its outputs,
inputs, and environmental flows separately. This allows the simulation of reallocation policies (e.g., from urban to agricultural use)
and captures their macroeconomic and environmental implications.

6 These indicators are not monetary transactions but are structurally linked to the production sectors, enabling the model to assess
the environmental trade-offs of policy changes. This allows for the analysis of sustainability dimensions — such as emissions inten-
sity or water-related externalities — without distorting the economic accounting balances of the SAM. However, certain qualitative
environmental externalities—such as marine ecosystem disturbance, cumulative toxicity, or operational noise—are not captured wit-
hin the accounting framework. These effects are highly site-specific and are better addressed through complementary environmental
assessments or physical models rather than monetary flow analysis.



This integrated EE-SAM structure provides a
robust base for policy dialogue on sustainable
water governance, green growth, and food-ener-
gy-water security in Algeria.
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Figure.2 Conceptual Framework for the Relation Between Desalinated Water, Agri-

culture, and Sustainable Development in Algeria
Source: by the authors

Figure (2] illustrates a conceptual framework
using a Social Accounting Matrix (SAM) approach
to analyze the potential integration of desali-
nated water into Algerian agriculture. It shows
the interactions between key sectors (agricultu-
re, water supply, energy, industry, households,
government, foreign trade, and the environment)
within the context of economic, environmental,
and social sustainability. The diagram reflects
the study’s focus on how desalinated water could

enhance agricultural productivity, support food
security, and contribute to Algeria’s progress
toward Sustainable Development Goals (SDGs),
particularly SDG 2 (Zero Hunger), SDG 6 (Clean
Water and Sanitation], and SDG 13 (Climate Ac-
tion). The framework also captures economic
flows, energy usage, emissions, and the role of
government policies and foreign trade in this
process.
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Scenarios for Policy Simulation

Three policy scenarios are built into the model and
summarized in table (03):

m Water Use Configuration Policy Focus Expected implications

Desalinated water allocated to
urban needs only

Scenariol
(Baseline scenario)

Desalinated water reallocated

Scenario 2 .
to agriculture
Increased desalination capacity
Scenario 3 with 10% allocated to agricul-

ture

Scenarios for Policy Simulation
Source: by the authors

The baseline scenario represents Algeria’s cur-
rent economic structure, where desalinated wa-
ter is allocated solely to urban and industrial
sectors, with no flows to agriculture. This SAM
captures existing economic flows and resource
allocations across key sectors, including agricul-
ture, desalination, energy, households, and go-
vernment. While this setup ensures short-term
service stability, it limits the agricultural sector’s
ability to overcome water constraints, making
it vulnerable to climate variability and reducing
its contribution to food security and rural liveli-
hoods. The baseline serves as a reference point
to assess the trade-offs and opportunities pre-
sented by alternative water allocation strategies.
The second scenario aims to evaluate how de-
salinated water affects agricultural output, fac-
tor income, water productivity and environment
pressure where it assumes that a 10% of desa-
linated water produced will be reallocated from
service-oriented services towards agriculture.
This reallocation is translated in the SAM by
adjusting the intermediate consumption vector
of the agricultural sector to include desalina-
tion-based water inputs. This scenario is expec-
ted to improve agricultural output and employ-
ment, while potentially reducing service-sector
gains — reflecting a trade-off in resource use.

Limited economic transforma-
tion; agriculture remains wa-
ter-constrained; no improvement in
food production or jobs.

Baseline — current
use case

Output and job gains in agriculture
through improved irrigation; minor
trade-offs in urban service sectors;
neutral total supply; no added envi-
ronmental pressure

Alternative — food
security and water
resilience

Stronger agricultural and manufac-

turing growth; enhanced rural em-

ployment; environmental pressures
increase.

Forward-looking
expansion for agri-
food systems

These effects are quantified in the results sec-
tion that follows.

The third scenario introduces a forward-looking
strategy by assuming that Algeria increases its
total desalination capacity, and that 10% of this
new capacity is allocated exclusively to agricul-
ture. This additional supply is incorporated in
the SAM as an increase in both the desalination
sector’'s output and agriculture’s intermediate
consumption. Unlike Scenario 2, this configura-
tion avoids reallocation from urban needs, the-
reby bypassing any trade-offs. It is expected to
generate stronger gains in agricultural output,
employment, and overall GDP, while increasing
energy use and brine discharge — impacts that
are analyzed in detail in the following section.
This scenario also aligns with Algeria’s national
water strategy, which aims to expand desalina-
tion production to 3.7 million m3/day as part of
long-term water security efforts (Reuters, 2024).
By dedicating a portion of this expansion to agri-
culture, the country could support climate-resi-
lient food systems while reducing pressure on
groundwater and surface sources. The rationale
for this expansion is reinforced by increasing
environmental pressures: indicators from Plan
Bleu's Mediterranean Observatory show a rise



in consecutive dry days, soil moisture depletion,
and water stress levels under the RCP4.5 cli-
mate pathway. By dedicating a portion of this ex-
pansion to agriculture, the country could support
climate-resilient food systems while reducing
pressure on groundwater and surface sources.

CGE model structure and equations:

Using the 10T and SAM, a static small open eco-
nomy CGE model is employed to analyze the eco-
nomy-wide impacts of desalinated water in agri-
culture. This static CGE model, which relies on a
single-period snapshot, simulates the economic
and sustainability effects of introducing desali-
nated water into agricultural production without
requiring time-series data especially in light of
limited historical data in the field.

The CGE model is structured using a system of
equations, inspired by standard general equili-
brium frameworks. (Dellink et al., 2020; Hosoe
et al., 2010; Lofgren et al., 2002) incorporating
nested production, Armington trade, and insti-
tutional behavior(Fullerton & Ta, 2019; Ji et al.,
2022).

Production Function (Cobb-Douglas):

o 1—ﬂi

Where:

* Qiis the output of sector i
e Aiis atotal factor productivity term,
e Liand Kiare labor and capital inputs,

aiis the labor share in value-added. Each sector
i produces output Qi using labor Li and capital K.
The share parameters o reflect sector-specific
labor intensity. This function assumes constant
returns to scale and unit elasticity of substitution
(Cobb-Douglas).

The Cobb-Douglas production function is applied
to all sectors included in the model, but special
focus is placed on three water-relevant sectors:
(1) agriculture (as the receiving sector of desali-
nated water), (2) desalination (embedded within
the manufacturing group), and (3] public water
distribution (included in the services group). The
function captures capital-labor interactions,
while the desalinated water input enters as part
of the intermediate demand vector in the SAM,

not directly in the value-added component. This
allows us to model desalinated water’s effect
on output and employment in agriculture, while
preserving the standard structure of CGE pro-
duction functions.

Factor Demand:
Firms minimize production costs:
Ci=w - Li+r-Ki
Where:
Ciis total cost of production in sector |,
w is the wage rate,

ris the return to capital,
Li,Ki are input demands for labor and capital.

Given wage w and return to capital r, factor de-
mand derives from cost minimization subject to
the production function.

Household Income:

v, =Swl +1+TR

Where:

e Yhuis total household income,

e wiLiis laborincome,

e s capital income (profits),

o IR is transfers from government, firms, or

the rest of the world.

Total household income Yu comes from labor in-
come, capital profits , and transfers TR.

This equation captures how income changes
for households, particularly rural ones, as agri-
cultural activity expands due to improved water
availability.

Household Consumption
(Linear Expenditure System):

C,=B-Y,
Where:
e Ciis household demand for good |,

e Biis the marginal budget share,
* Yuis household income.
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Households allocate income among goods based
on marginal budget shares Bi. As households expe-
rience income changes from sectoral shifts (notably
agriculture), this equation reflects how demand for
goods and services adjusts accordingly. The Linear
Expenditure System (LES) captures essential and
marginal spending patterns. In this model, desa-
linated water is treated as a regular consumption
good within the LES framework, particularly for
urban households. Its demand is thus governed by
a marginal budget share Bi\beta_iBi, reflecting its
increasing role in meeting basic water needs under
scarcity conditions.

Trade (Armington Assumption)’:

Q? = (BiMi_p + (1 . Si)Di_p)

Where:
D

. Qi is total domestic demand for good i,

e M and Di are imports and domestically
sourced goods,

o Biisthe Armington share parameter,

e pis the substitution parameter between im-
ports and domestic goods.

D
Domestic demand Qi is a CES aggregate of im-
ports Mi and domestic goods D;, allowing imper-
fect substitution (Armington, 1969).

Market Clearing:
Qi=Ci+li+Gi+Ei-M;
Where:

e Qiis total output of good i,

e Cili,Gi are household, investment, and govern-
ment demand,

e FEiis exports, and Miis imports.

Total output is absorbed by household consumption,
investment, government demand, exports Ei, and net
imports.

Environmental Satellite Equation®

To account for desalination-related environmen-
tal flows without altering market equilibrium, an
environmental satellite identity is included in the
model. Total generation is calculated as a func-
tion of sectoral output:

E. = IE:YU: Q,

L

Where:

e Exis the total quantity of environmental output k
(e.g., brine, emissions),

e Yikis the environmental coefficient for sector i,

e Qiis sectoral output.

where Yik is the sector-specific emission or re-
source-use coefficient (e.g., m3 of brine per unit of
output, CO2 emissions), and Qi is total output from
sector i. This formulation allows the model to quan-
tify environmental trade-offs associated with produc-
tion and policy scenarios, without introducing fee-
dback loops into prices or decisions. The approach
is consistent with established CGE-ENV modeling
practices (Bohringer & Rutherford, 2008; Burniaux &
Truong, 2002; Lofgren et al., 2002).

Model Calibration and Closure Assump-
tions.

The model is calibrated’ to the 2023 Environ-
mentally Extended Social Accounting Matrix
(EE-SAM) of Algeria, developed for this study.
This SAM incorporates desalination as a distinct
production activity and quantifies environmental
flows such as brine discharge and energy use.
Calibration follows the standard static CGE ap-
proach, where initial equilibrium values are
taken from the SAM, and behavioral parameters
are set based on literature and regional proxies.
The closure rules adopt an investment-driven
macroeconomic closure, where investment is
savings-driven, government savings are fixed,
and the trade balance is endogenous. Labor is
segmented by sector with fixed nominal wages,

7 The Armington specification models the imperfect substitution between domestic and imported goods. It is particularly relevant in
this study to assess how increased domestic agricultural production, made possible by desalinated water, can reduce reliance on food

imports.

8 This satellite equation links sectoral output to environmental outcomes, such as brine generation or energy-related emissions. It
enables tracking of desalination’s environmental impacts under each scenario without feeding back into behavioral or price decisions,

in line with standard CGE-ENV frameworks.

9 The CGE model is calibrated using the 2023 Environmentally Extended SAM (EE-SAM], which provides a complete snapshot of the
Algerian economy, including production, factor payments, institutional income, and trade flows. All share parameters (e.g., cost
shares, budget shares, trade substitution parameters) are directly derived from the SAM using zero-profit and market-clearing
conditions. The Cobb-Douglas production function implies unitary elasticity of substitution between labor and capital, and the Linear
Expenditure System (LES) uses average budget shares to determine marginal shares. For the Armington CES function, elasticity of
substitution values are drawn from literature benchmarks and finally Environmental coefficients are based on technical data from

Plan Bleu, GWI, and relevant engineering studies.



allowing employment levels to adjust. Capital is
fully employed and mobile across sectors.

A table summarizing all parameters and elasti-
cities is provided in Annex Table AT which also
includes sector-specific production coefficients
used in the CGE calibration.

Finally, after the calibration process, The CGE
model runs baseline versus scenario compari-
sons, where policy shocks introduce desalinated
water into agriculture, enabling analysis of its
effects on GDP, household income, and secto-
ral outputs. SDG-aligned impacts are tracked
across key dimensions: economic viability (SDG
8), environmental sustainability (SDG 6 and SDG
13), and social benefits (SDG 2 and SDG 12).

RESULTS

This section presents the key findings derived from
an environmental extended CGE model which has
been calibrated using standard elasticities and clo-
sure rules based on Algeria’s 2023 Social Accounting
Matrix. The key elasticity values, sectoral coefficients,
and closure assumptions are summarized in the an-
nex covering key sectors such as agriculture, desali-
nation, manufacturing, and services. This calibration
ensures internal consistency in the SAM and sup-

ports scenario-based simulations with comparative
insights.

Three scenarios are examined: the baseline (Scena-
rio 1), where desalinated water is used exclusively for
urban and service-related needs, and an alternative
(Scenario 2) and and a dedicated-use case (Scena-
rio 3), where future desalination units are assumed
to serve agriculture entirely. The results focus on
changes in sectoral output, value-added, household
income, and environmental pressures such as brine
discharge and energy use. These findings provide
early insights into the economic and sustainability
trade-offs associated with alternative water alloca-
tion strategies. The results focus on changes in sec-
toral output, value-added, household income, and en-
vironmental pressures such as brine discharge and
energy use. These findings provide early insights into
the economic and sustainability trade-offs associated
with alternative water allocation strategies.

Scenario-Based Impacts on Output, Income,
and Environmental Pressure

This section examines the impact of desalina-
tion on the key indicators : sectoral output, va-
lue-added, labor income and environmental
pressure through both scenarios. Results are
summarized in table (04) and figure (03).

I T T T

Agriculture Output 50.10 B DZD

Manufacturing Output 19.91 B DZD

Total Output 70.95 B DZD

Value Added (GDP 40.58 B DZD

Proxy)

Labor Income 28.93 B DZD
Brine Generated 50,000 m?3
Energy Consumption 1.6 GWh

C02 Emission

864 tons CO,

53.02 B DZD 55.63 B DZD
21.90 B DZD 19.91 B DZD
74.93 B DZD 74.03 B DZD
42.77 B DZD 43.33 B DZD
30.41 B DZD 30.98 B DZD
55,000 m? 65,000 m?
1.76 GWh 2.08 GWh

950.4 tons CO, 1,123.2 tons CO,

Comparison of key economic and environmental indicators under current and reallocated desalination use (Sce-

narios 1and 2).
Source: Author’s simulation based on 2023 EE-SAM
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Figure.3 Sectoral and environmental Effects of Water Reallocation
Source: Author’s simulation based on 2023 EE-SAM

Note: The values presented in Table (04) repre-
sent annual aggregate outcomes based on a sta-
tic CGE simulation calibrated to Algeria’s 2023
economy. All output, value-added, and income
figures are expressed in billion Algerian dinars
(B DZD), at basic prices, and reflect a one-year
impact resulting from reallocation or expansion
of desalinated water use under each scenario.
These are not projections over time but rather
comparative static results that help assess the
immediate economic and environmental effects
of alternative desalination integration strategies.
The environmental indicators—brine discharge,
energy consumption, and CO, emissions—are
annualized estimates linked to desalination out-
put as defined in each scenario’s assumptions.

The simulation results summarized in Table (04)
and Figure (03) offer a comparative overview of
the sectoral and environmental impacts of alter-
native desalinated water allocation strategies.
Moving from exclusive urban use (Scenario 1) to
agriculturalintegration (Scenarios 2 and 3)— first
through reallocation, then through additional
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production. These figures reveal evolving trade-
offs between economic gains and environmental
pressures. In particular, the coupling of desali-
nation with agricultural use accentuates sustai-
nability concerns related to brine discharge and
energy intensity. These dynamics are further ex-
plored as follows:

Sectoral Output and Value Added

Comparing across the three scenarios, the real-
location and expansion of desalinated water re-
veal differentiated sectoral gains. Moving from
Scenario 1 to Scenario 2, where a portion of ur-
ban desalinated water is diverted to agriculture,
results in a 2.92 billion DZD increase in agricul-
tural output and a 1.99 billion DZD increase in
manufacturing output, totaling 3.98 billion DZD
in national production. This reallocation signifi-
cantly boosts value-added by 2.19 billion DZD,
with agriculture contributing the lion’s share due
to its stronger domestic input linkages and labor
intensity.



Transitioning from Scenario 2 to Scenario 3, where
an additional 10% desalination capacity is introduced
exclusively for agriculture, leads to further gains in
agriculture (2.61 billion DZD in output] while ma-
nufacturing output remains stable. Total output in-
creases by +2.60 billion DZD, and value-added rises
by +0.56 billion DZD, reflecting diminishing returns in
manufacturing but continued high multipliers in agri-
culture.

Overall, the results show that incremental invest-
ment in desalination targeted at agriculture (Sce-
nario 3) produces more sustainable and inclusive
economic benefits than merely reallocating existing
supplies (Scenario 2). These gains are particularly
pronounced in value-added and labor income, rein-
forcing agriculture’s strategic role in promoting rural
employment and water-efficient growth under Alge-
ria’s resource constraints.

Desalination’s Role and Trade-0Offs

Desalination is increasingly central to Algeria’s wa-
ter security strategy, especially as groundwater
sources become depleted and surface water availa-
bility fluctuates due to climate variability. However,
the modelled scenarios reveal diverging implications.
In Scenario 2, reallocating part of the existing desa-
linated water to agriculture offers economic gains
but may unintentionally heighten vulnerability in the
urban sector, which is already under-supplied. Ac-
cording to recent government reports, Algeria’s cur-
rent desalination capacity (around 2.5 million m3/day)
does not fully meet the growing domestic and urban
water demand (Ministry of Water Resources, 2023).
Redirecting this limited resource to agriculture could
therefore worsen household and service-sector water
stress, particularly during summer peaks.

In contrast, Scenario 3 assumes additional produc-
tion which is earmarked solely for agricultural use,
thus avoiding direct competition with urban sup-
ply. However, the strategy is not without cost: brine
discharge increases by 10,000 m3, and energy use —
primarily from fossil sources — intensifies, raising
sustainability concerns. The environmental trade-offs
of desalination are well-documented: brine toxicity to
marine life, risks of cumulative pollution, and signifi-
cant carbon emissions if powered by non-renewable
energy (Jones et al., 2019; UNEP, 2020). These im-
pacts are magnified when desalination is scaled up
without integrated environmental safeguards.

Overall, the results suggest that reallocation without
production expansion (Scenario 2) may be economi-
cally attractive but socially and politically risky, while
capacity expansion (Scenario 3) presents environ-

mental challenges that must be addressed through
green energy investments, improved brine manage-
ment, and regulatory oversight. Policymakers must
therefore consider not only the sectoral benefits but
also the system-wide trade-offs, ensuring that desa-
lination supports both food security and urban resi-
lience without undermining ecological sustainability.

Income Distribution and Labor Effects

The model reveals that reallocation of desalinated
water has measurable implications for labor markets
and household income. Between Scenario 1 and Sce-
nario 2, labor income rises by 1.48 billion DZD, driven
largely by the expansion of the agriculture sector,
which is more labor-intensive and domestically em-
bedded. In Scenario 3, where desalination capacity is
increased rather than reallocated, labor income rises
further by 0.87 billion DZD, confirming that additional
water supply generates incremental employment wi-
thout compromising urban needs.

Agriculture plays a pivotal redistributive role in Alge-
ria’s economy, especially in rural areas where un-
deremployment remains high. The shift of water re-
sources toward this sector thus contributes to both
output and equity goals, especially as most of the
labor gains accrue to low- and medium-skilled rural
workers. This is consistent with findings from similar
CGE-based studies in water-scarce countries (Calza-
dilla et al., 2010).

However, the labor effects in the manufacturing sec-
tor — where desalination is currently housed — are
modest due to its higher capital intensity. In Scenario
2, some of the gains in agricultural labor income are
offset by a plateau in manufacturing wages, reflec-
ting the resource competition. In Scenario 3, where
no sector sacrifices existing allocations, the income
gains are additive, and both agriculture and manufac-
turing contribute to overall wage growth.

The simulations thus suggest that targeted desa-
lination expansion for agriculture can be a pro-
poor strategy, enhancing rural employment and
household welfare. Yet, these benefits are conditio-
nal on ensuring that urban supply remains secure
and that the expansion is accompanied by environ-
mental safeguards to maintain long-term sustaina-
bility.

Environmental impact

The environmental implications of reallocating or
expanding desalinated water use are critical, par-
ticularly for a water-scarce and energy-dependent
country like Algeria. The model incorporates two key
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environmental indicators: brine discharge and energy
consumption, both of which intensify with increased
desalination activity.

In Scenario 2, where a portion of existing desalinated
water is reallocated from urban to agricultural use,
brine discharge increases from 50,000 m? to 55,000
m3 per day, and electricity use rises by 5,000 MWh/
year, resulting in approximately 3,800 additional tons
of CO, emissions annually, based on an emission fac-
tor of 0.76 tons CO,/MWh (IEA, 2022).

In Scenario 3, where desalination capacity is ex-
panded and 10% of the new output is directed to agri-
culture, brine generation increases further to 65,000
m?3/day, energy use climbs to 115,000 MWh/year, and
associated CO, emissions are estimated at 87,400
tons annually. This configuration avoids competition
with urban water needs but significantly increases
Algeria’s desalination-related carbon footprint.

Beyond these quantifiable impacts, several non-mo-
deled externalities deserve attention. These include
noise from high-pressure pumps, disturbance of na-
tural water intake systems, and long-term coastal and
subsurface salinization, particularly when discharge
and intake are not adequately regulated (Gude, 2016;
UN Environment, 2020). While these externalities
are not explicitly captured in the Environmentally
Extended Social Accounting Matrix (EE-SAM], they
are crucial for holistic impact assessment and should
be addressed in future research.

In conclusion, desalination can enable economic di-
versification and climate-resilient agriculture, but
its environmental footprint increases substantially
with scale and intensity. Scenario 3, while yielding
stronger economic outcomes, underlines the need
for parallel investments in brine management tech-
nologies, renewable energy integration, and coastal
ecosystem monitoring, in alignment with Algeria’s
National Water Strategy (Ministry of Water Resources
and Security, 2023).

Institutional distribution of income

This section explores how the reallocation of desali-
nated water to agriculture affects the distribution of
income and value-added across institutional agents:
households, firms, and government. The analysis
draws from the factor payment structure and insti-
tutional flows in the Environmentally Extended Social
Accounting Matrix (EE-SAM), capturing both direct
and indirect effects.

st | st | soros | somed | perprves

Labor income in agriculture,

Households 28.93 B DZD 30.41 B DZD 31.28 B DZD )
services
ETRI 9.81 B DZD 10.28 B DZD 10858 Dzp  Ccepital '”CO’::S;O”" Il
T 4.62 B DZD 4.75 B DZD 4.88 B DZD Production & VAT growth

Income and Redistribution Summary
Source: Author’s simulation based on 2023 EE-SAM

Note: Estimates derived using institutional shares from EE-SAM sectoral value-added and factor income allocations.
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Figure.4 Institutional distribution of income
Source: Author’s simulation based on 2023 EE-SAM

Table (05) and the associated figure present a
breakdown of how income is distributed among major
institutional agents — households, firms, and the go-
vernment — under the three desalination reallocation
scenarios. This decomposition sheds light on the so-
cio-economic spillovers of shifting desalinated water
from exclusive urban use to agriculture.

Households see the largest gains, with income rising
from 28.93 B DZD in Scenario 1t0 30.98 B DZD in Sce-
nario 3. This reflects higher labor demand in agricul-
ture, especially under expanded water access. Firms
benefit from increased capital income, growing from
9.81 B DZD to 10.48 B DZD, due to greater industrial
and desalination activity, particularly in Scenario 2.
Government revenue also improves, reaching 4.88 B
DZD in Scenario 3, supported by growth in output and
tax-related flows.

Overall, Scenario 3 delivers the most inclusive bene-
fits, marked by the strongest gains in household inco-
me due to labor-intensive agricultural expansion and
modest yet positive fiscal improvements driven by

Firms
Institution

Income Redistribution by Institution Across Scenarios

Scenario 1
I Scenario 2
HEEl Scenario 3

Government

broader production and VAT growth. However, these
socioeconomic gains are accompanied by notable en-
vironmental costs, including a 30% increase in brine
discharge, higher energy consumption, and elevated
CO, emissions, underscoring the need for integrated
safeguards and sustainable planning.

Sectoral Multipliers and Linkage Effects

This study uses Leontief'® output multipliers derived
from the updated 2023 Input-Output Table to assess
the strength of inter-sectoral linkages in the Algerian
economy. By comparing multipliers across agricul-
ture, manufacturing [including desalination], ser-
vices, and construction, the analysis highlights which
sectors offer the greatest economy-wide returns on
resource allocation. These findings are particular-
ly relevant for understanding the systemic impact of
reallocating desalinated water, and for identifying po-
licy priorities that support inclusive and sustainable
growth.

10 The Leontief output multiplier measures the total increase in economy-wide output resulting from a one-unit increase in final de-
mand for a given sector. It captures both direct and indirect production effects through inter-industry linkages, based on the inverse
of the input-output coefficient matrix. In CGE modeling, it is often used as a diagnostic tool to assess sectoral backward linkages and
to identify which sectors are most effective at stimulating broader economic activity.

Source: Miller, R.E., & Blair, P.D. (2009). Input-Output Analysis: Foundations and Extensions (2nd ed.). Cambridge University Press.
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Sectoral Output Multipliers (Leontief)
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Figure.5 Sectoral output multipliers ( leontief]
Source: Author’s simulation based on 2023 EE-SAM

Figure (06) presents the sectoral output multipliers
based on the 2023 Algerian Input-Output Table. The
manufacturing sector registers the highest multi-
plier (1.88), followed by agriculture (1.63). These va-
lues indicate that a 1 DZD increase in final demand
generates 1.88 DZD in total output for manufacturing
and 1.63 DZD for agriculture. The strong multiplier in
manufacturing is partly driven by the inclusion of the
desalination sector, which is capital- and energy-in-
tensive and involves upstream linkages with energy,
infrastructure, and service sectors. This relationship
explains the observed increase in manufacturing out-
put in Scenarios 2 and 3, as water reallocation and
capacity expansion necessitate higher desalination
activity. The growth in desalination thus indirectly
amplifies manufacturing sector output through in-
vestment and operational flows.

On the agricultural side, the high multiplier reflects
robust linkages with local supply chains such as ferti-
lizers, labor, transport, and agri-services. The results
imply that redirecting or expanding desalinated water
supply for agriculture (especially in Scenario 3) can
yield substantial economy-wide benefits, supporting
job creation, rural development, and food security wi-
thout compromising industrial gains. These findings
underscore the complementary, rather than compe-
ting, nature of strategic water allocation.

DISCUSSION AND POLICY IMPLICA-
TIONS

The results from the CGE-consistent simulations in-
dicate that reallocating a portion of desalinated water
from urban to agricultural use leads to notable eco-
nomic and social benefits, with manageable environ-
mental trade-offs. Table (06) summarizes the main
results.



Water Allocation Logic

Economic Output

Value Added (GDP
Proxy)

Labor Income

Manufacturing Impact

Environmental Impact

Distributional Effects

Infrastructure Stress

Policy Feasibility

Desalinated water used

exclusively for urban and

service sectors

Baseline

Lowest value added

Lower job creation and
income impact

Stable (reference point)

Lowest brine and emis-
sions levels

Urban households bene-
fit more

No trade-offs

Politically feasible but

Partial reallocation from urban

use to agriculture

Moderate increase due to

gains

Improved value added from

agriculture

Increased employment in
agriculture

Moderate gains due to desali-

nation input

Higher brine and CO, due to

increased desalination use

Improved income for rural/

agricultural households

Urban supply reduced - poten-
tial stress if demand increases

Trade-offs may be controver-

Scenario 1: Scenario 2: Scenario 3:
Urban-only Use Reallocation to Agriculture | Expanded Capacity for Agriculture

Additional desalinated water (10%) al-
located to agriculture without reducing
urban supply

agriculture and manufacturing Stronger gains, especially in agriculture

Highest value added across sectors
Highest employment and income
effects

Output unchanged; more gains shift to
agriculture

Highest brine, energy consumption and
emissions due to new capacity
Broad-based household gains

Avoids stress on urban systems but
raises environmental risks

Aligns with Algeria’s national strategy
(Reuters, 2024); feasible with adequate

economically limited

Sustainability Trade- Water security priori-
offs tized

Best Fit [Time Horizon) Short-term fix

Results Summary
Source: Source: by the authors

The results of the CGE simulations highlight the com-
plex balance between economic growth, social inclu-
sion, and environmental sustainability when realloca-
ting or expanding desalinated water use in Algeria.
Economically, Scenario 3 delivers the strongest per-
formance, increasing total output and value added
more significantly than Scenarios 1 and 2. This is due
to its design as a no-compromise solution: it expands
desalination capacity without diverting water from
urban uses, allowing the agricultural sector to grow
without penalizing others. Scenario 2, though more
modest, still yields notable GDP and labor income
gains through internal reallocation. Scenario 1, re-
flecting the current status quo, maintains macroeco-
nomic stability but underutilizes water as a lever for
economic transformation.

From a social perspective, Scenario 3 also offers the
most inclusive benefits. By channeling water to agri-
culture — a labor-intensive sector — it generates the
highest increase in labor income and rural employ-
ment. This supports SDG 8.5 (inclusive growth and
employment) and SDG 10.1 (income growth for the

Economic-environmental ten-
sion due to diversion

Medium-term productivity shift

L safeguards

of environmental externalities

culture and food security

bottom 40%). Scenario 2 also boosts employment but
raises concerns about potential water stress for ur-
ban areas, especially since Algeria’s current desali-
nated supply does not fully meet municipal demand.
Scenario 1 shows limited contribution to job creation,
reflecting the capital- and energy-intensive structure
of current desalination systems.

Environmentally, however, Scenario 3 presents the
highest trade-offs. Brine discharge increases by 30%
compared to Scenario 1, and energy use also rises si-
gnificantly. While the CGE model integrates some of
these effects through the environmentally extended
SAM — including brine volume and energy consump-
tion — several other externalities are not internalized.
These include the ecological impacts of marine wa-
ter intake, cumulative effects on coastal ecosystems,
noise pollution from high-pressure pumps, and the
economic burden of distribution infrastructure (Plan
Bleu, 2024). This underlines the need for additional
environmental modeling or ex-ante impact assess-
ments to guide policy.

Balanced gains but requires mitigation

Long-term strategy for resilient agri-
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In terms of SDG alignment, Scenario 3 supports:

e SDG 2.3: Enhancing agricultural productivity and
incomes.

e SDG 6.4: Improving water-use efficiency through
strategic reallocation.

e SDG 13.2: Strengthening climate resilience in wa-
ter and agriculture.

e SDG 8.5: Boosting inclusive and sustainable em-
ployment.

However, it may risk undermining SDG 12 (sustai-
nable production) and SDG 14.1 (marine pollution)
unless environmental safeguards and renewable en-
ergy sources are integrated into desalination expan-
sion efforts (Abdelbaki et al., 2024).

The Spanish experience provides useful insights. In
arid regions such as Murcia and Almeria, Spain has
used desalination to stabilize agricultural output
under water stress. However, studies have flagged
challenges, including energy dependency, high unit
costs, and marine ecosystem risks due to brine dis-
posal (Martin-Gorriz et al., 2020; Pérez & Martin-Gor-
riz, 2021). Spain has partially mitigated these effects
by subsidizing desalinated water, introducing brine
management protocols, and linking desalination to
renewable energy projects — strategies Algeria could
consider as it scales up.

In conclusion, no single scenario offers a perfect so-
lution:

e Scenario 1 is low-risk but misses development
opportunities.

e Scenario 2 is realistic but may exacerbate urban
stress.

e Scenario 3 is transformative, economically and
socially, but requires serious attention to environ-
mental costs and technical feasibility.

This complexity reinforces the need for phased imple-
mentation, multi-criteria planning, and policy inte-
gration across water, energy, and agriculture sectors.
Desalinated water can be a pillar of Algeria’s food se-
curity strategy, but only if paired with technological
innovation and robust environmental governance.

Policy implication:

To guide Algeria’s transition toward a more resilient,
inclusive, and sustainable water-agriculture system,
the following recommendations are proposed. They
are structured around four strategic dimensions —
economic, environmental, social, and cross-cutting
governance — and directly informed by the results of
the CGE simulations.

Economic Dimension

e Establish a Targeted Subsidy Scheme for Agricul-
tural Desalinated Water Use :

Given the high production and distribution costs of
desalinated water, the government should consider
smart subsidy mechanisms to make its agricultural
use financially viable — especially in regions with
high economic return per cubic meter of water. These
schemes should be conditional, performance-based,
and informed by cost-benefit analyses comparing de-
salination to alternatives like treated wastewater.

e Prioritize Investment in Inland Water Conveyance
Infrastructure

Transporting desalinated water from coastal plants
to inland agricultural zones (notably Tlemcen and
Mascara) requires robust pipeline and pumping in-
frastructure. Prioritizing such investments, possibly
through public-private partnerships [PPPs), is critical
to scaling Scenario 3 in a financially and logistically
feasible manner.

Environmental Dimension

e Mandate Environmental Impact Assessments
(EIA) Prior to Scaling Desalination Projects

Before any scale-up of desalination for agricultural
use, comprehensive EIAs should be conducted — ac-
counting not only for brine discharge but also for ma-
rine water intake effects, energy use, and cumulative
ecosystem impacts. This aligns with best practices
observed in Spain’s coastal regions (Martin-Gorriz et
al., 2020).

e Promote Renewable-Powered Desalination Faci-
lities

To limit the carbon footprint and energy intensity of
desalination (particularly under Scenario 3], Alge-
ria should invest in hybrid desalination technologies
powered by solar or wind energy. This would reduce
dependence on fossil fuels and support SDG 7.2 and
13.2.

e Develop and Enforce Brine Management Proto-
cols

Clear environmental regulations for brine disposal
must be introduced and enforced, including loca-
tion-specific thresholds and treatment technologies
to protect marine ecosystems from salinity and tem-
perature shocks (Pérez & Martin-Gorriz, 2021).



Social Dimension
e Design Inclusive Agricultural Support Programs

Redirected water flows to agriculture (Scenario 2
and 3] generate significant employment, particular-
ly in rural areas. The government should leverage
this opportunity by developing support programs for
smallholder farmers, including microcredit schemes,
affordable drip irrigation technologies, and targeted
training.

Cross-Cutting Recommendations

¢ Institutionalize the Use of CGE and Integrated
Modelling in Water Policy

To ensure evidence-based planning, Algerian institu-
tions should adopt Computable General Equilibrium
(CGE) models extended with environmental accounts
as standard tools for evaluating water policies. These
models allow simulation of economic, social, and
ecological trade-offs, offering valuable foresight for
scaling desalination while managing environmental
risks and distributional impacts.

e Develop a National Roadmap for Strategic Water
Allocation

Algeria needs a long-term roadmap that integrates
desalination, wastewater reuse, and groundwater
sustainability under a unified framework. This road-
map should prioritize regions and sectors based on
water productivity, economic spillovers, and SDG
contributions.

CONCLUSION

This study employed a Computable General Equi-
librium (CGE) model based on an Environmentally
Extended Social Accounting Matrix (EE-SAM] to eva-
luate the economic, social, and environmental im-
plications of reallocating and expanding desalinated
water use in Algeria. Three distinct scenarios were
analyzed, reflecting the current state (Scenario 1),
internal reallocation to agriculture (Scenario 2], and
expanded production for multi-sectoral use (Scenario
3).

The findings confirm that desalinated water can be
a powerful lever for economic transformation when
integrated into agriculture — a sector with high em-
ployment intensity and domestic linkages. Scenario 3
consistently demonstrates the highest economic and
social returns, while Scenario 2 offers a pragmatic
compromise that leverages existing capacity with mo-

derate gains. Scenario 1, while stable, reveals the un-
derutilization of desalinated water as a development
instrument.

However, these benefits are not without costs. Sce-
nario 3, in particular, generates significant environ-
mental pressures, including higher brine discharge
and energy consumption. These trade-offs highlight
the urgent need for environmental safeguards and
integrated planning frameworks that span the water-
energy-agriculture nexus.

From a policy perspective, no single scenario is uni-
versally optimal across time horizons:

e Scenario 1 is best suited for short-term stability,
maintaining service continuity while preparing
reforms.

e Scenario 2 aligns with a medium-term transition,
optimizing current infrastructure while gradually
expanding agricultural capacity.

e Scenario 3 is a long-term development strate-
gy, unlocking transformative gains but requiring
substantial investment, governance, and environ-
mental risk mitigation.

Ultimately, the pathway forward should not rely on a
singular solution, but on a phased, adaptive approach
that balances growth, equity, and sustainability. Cou-
pling desalination with strategic agricultural use
supported by renewable energy, inclusive policy, and
robust environmental monitoring — can serve as a
cornerstone of Algeria’s food security and climate re-
silience strategy, in line with SDGs 2, 6, 8, 13, and 14.

Limitations and Future Research

This study provides a macroeconomic and environ-
mental assessment of desalination scenarios using a
CGE model, but it does not capture all technological
and ecological nuances. Key limitations include the
exclusion of detailed plant-level technologies, spa-
tial variability in environmental impacts (e.g., marine
ecosystems, noise), and the economic cost of water
distribution infrastructure (Plan Bleu, 2024). Beha-
vioral responses and institutional constraints are also
abstracted.

Future research should incorporate spatial and tech-
nical differentiation, as well as micro-level dynamics,
to better inform investment and policy design.
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CHAPTER IIl. REGULATORY ASPECTS
AND PUBLIC POLICY RELATED TO
WATER MANAGEMENT

© Image generated by OpenAl

Chapter lll Introduction

Regulatory frameworks are central to achieving sustainability in unconventional water activities.
These should be adapted to sector specificities with a holistic water management vision, applicable
from national to local scales.

This chapter analyzes how the desalination sector aligns with Mediterranean regulatory
frameworks, with particular focus on synergies and gaps within spatial planning regulations. The
analysis focuses on Algeria as a case study, examining the extent to which desalination is inte-
grated into Algerian water resource management legislation. The first paper provides a wider com-
parative analysis with global regulatory frameworks, particularly the Barcelona Convention and
its eight Protocols on Integrated Coastal Zone Management. It proposes tailored operational re-
commendations to optimize sustainable deployment and operation of desalination facilities within
Algeria’s national water management framework.

The second paper adopts a more quantitative approach, analyzing potential impacts on water ma-
nagement when unconventional water resources such as desalination and wastewater treatment
are integrated at provincial scales. This study examines how Algerian water management systems
might be transformed by 2050, considering water stress, demographic patterns, and hydrological
changes, thereby identifying strategic opportunities for more efficient national water resource ma-
nagement.

These complementary studies bridge the gap between regulatory theory and practical implemen-
tation, providing both the institutional framework and the quantitative projections needed for evi-
dence-based water policy decisions. Together, they demonstrate how solid regulatory foundations
can facilitate the strategic integration of unconventional water resources into national water ma-
nagement systems.
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Abstract

This paper provides a comprehensive analysis of the governance mechanisms and regulatory
frameworks surrounding seawater desalination in Algeria, within the broader context of coastal
territorial development.

Faced with increasing water demand driven by urbanization, industrialization, and climate
change, Algeria has heavily invested in non-conventional resources. Since 1995, the National
Water Plan has prioritized seawater desalination to alleviate pressure on conventional sources
and ensure reliable water supply to coastal cities. The current National Water Strategy aims to
expand desalination capacity to 3 million m3/day by 2030.

However, the paper argues that the proliferation of desalination plants may create a false sense
of water security. While desalination offers immediate relief, it is energy-intensive, costly, and
has limited operational lifespans. Moreover, its expansion could accelerate coastal urbanization,
increasing water demand and pressure on fragile ecosystems.

The study aims to critically examine the territorial coherence of seawater desalination plants
(SWDPs) by assessing their alignment with:

i) local potable water needs, in light of available conventional resources and municipal demand;
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ii) the national coastal development strategy, considering spatial planning and sustainable de-
velopment goals;

i) principles of Integrated Coastal Zone Management (ICZM), as defined in Protocol 8 of the
Barcelona Convention.

The methodology combines:

i) a spatial analysis of existing and planned SWDPs along the Algerian coast, integrating geo-lo-
cation, production capacity, technology, and commissioning dates;

ii) a qualitative assessment of territorial coherence based on three criteria:

1. Potable water demand vs. supply: SWDPs should be located where water demand exceeds
the availability of conventional resources.

2. Coastal development strategy: SWDP deployment should align with land-use planning and
promote energy-efficient, sustainable growth.

3. Barcelona Convention principles: Projects should support climate adaptation and environ-
mental protection, in line with ICZM.

The analysis reveals that the deployment of seawater desalination plants in Algeria follows a
territorial logic aligned with regional water deficits, particularly in the western coastal wilayas.
However, their long-term contribution to water security remains constrained by environmental
impacts, limited cross-sectoral coordination, and fragmented spatial planning.

The study underscores the need to reposition desalination within a broader, more integrated
vision—by reinforcing anticipatory governance, integrating SWDPs into territorial planning ins-
truments, and enhancing environmental monitoring to ensure alignment with sustainable deve-
lopment and ICZM principles.

Recommendations provide actionable guidance to improve governance and regulatory cohe-
rence, supporting governmental agencies, policymakers, and international organizations such
as Plan Bleu in advancing more sustainable, climate-resilient coastal management.

Keywords: Algeria, Integrated Coastal Zone Management, Seawater desalination plant, Territo-
rial balance and sustainability, Water security



INTRODUCTION

Hydrological context in Algeria

This The geography of Algeria is characterized by si-
gnificant variations in topography, climate, and aqui-
fer reserves. As shown in Fig. 1, these factors divide
the territory into three bioclimatic zones with differing
agricultural potential: Mediterranean, semi-arid, and
arid. Population and economic activities concentrate
mainly in the northern and especially eastern regions,
where conditions are more favorable.

The country’s main water resources are located in the
four northern hydrographic basins, but decline mar-
kedly from east to west (Fig. 2). Fig. 3 shows an ave-
rage one-third reduction in per capita water alloca-
tion (m3/capita/day) for the 2020-2030 period. Algeria
faces a structural hydrological deficit, most acute in
the western regions. The water stress index rose from
126% in 2015 to 138% (FAO & UN-Water, 2024).

Water potential and availability in northern hydrographic basins (after the
Ministry of Water Resources)

1200

@ Availaibility in 2000 (m3/inhab/year)

# Availaibility in 2020-2030 (m3/inhab/year)

Figure.1 Water availability within Algeria northern hydrographic regions (ANRH, 2004)
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A predominantly arid climate, a north-south gradient
in water resource distribution, and growing anthro-
pogenic pressure restrict annual availability to 420 m?3
per capita—well below the water scarcity (1,000 m3)
and water stress (500 m?3) thresholds (MRESH, 2020).
This situation is mainly driven by demographic growth
(=2%/year), which increases water demand. The ex-
ploitation index, at 56% (MRESH, 2020), signals a fo-
reseeable decline in per capita availability by 2030.
Despite 98% average connectivity to the potable water
network, only about 50% of actual needs are met, pla-
cing Algeria among countries experiencing extreme
water stress (World Resources Institute, 2025).

The progressive depletion of renewable resources is
aggravated by a nearly 100 km northward shift of the
isohyet line. Climate projections indicate a 5-13% drop
in precipitation and a temperature rise of 0.6-1.1°C by
2020 (Kara & Arif, 2009). This dynamic creates a dual
challenge of rising demand and diminishing supply.
According to SNAT 2030 diagnostic reports, Algeria is
undergoing rapid urbanization (75%) alongside steady
population growth (ONS, 2018).

To address this, the National Spatial Planning Sche-
me 2030 (SNAT) outlines strategic infrastructure ini-
tiatives: inter-basin transfers from the north to the
High Plains, exploitation of the deep Albien aquifer for
southern areas, and increasing reliance on seawater
desalination to meet coastal water needs (Law 10-
02, June 29, 2010). The National Water Strategy aims
to scale up desalination to 3 million m3/day by 2030
(MRESH, 2020).

Increasing pressures on water resources and
strategy for dealing with water deficit in the
coastal zone

In the context of seawater desalination, the study is
geographically anchored in the coastal zone, where
such infrastructure is inherently situated due to proxi-
mity to marine resources and its strategic relevance
for territorial development.

Algeria’s 2,148 km-long coastal zone includes 3,929
km?2 of land and 27,998 km?2 of marine area, with coas-
tal plains, forests, wetlands, cultural heritage sites,
islands, and the territorial sea. It hosts around 71
protected areas of ecological value. Characterized by
rocky and sandy shores, this fragile zone is under in-
tense pressure from urbanization and natural hazards
like erosion and marine flooding (Mezouar, 2022).

The Coastal Action Plan for Algiers, Oran, and Annaba
promotes sustainable urban growth, integrated wa-
ter and solid waste management, and the protection
of natural and cultural heritage (Ministry of Environ-

ment, 2025). The delineation of coastal zones—span-
ning 3 to 5 km—aims to control urbanization and
prevent further degradation of ecosystems and ma-
rine biodiversity.

Natural conditions show a west-to-east gradient in
rainfall, from ~400 mm in the west to ~900 mm in
the east (Ministry of Water Resources). Despite this,
a rainfall deficit of 20-25% in the west and 10-15%
in the east persists (Ministry of Environment & GIZ,
2019). In light of a projected coastal population of 15.5
million in 2020 (ONS), annual water needs were esti-
mated at 6525 Hm3, exceeding the availability in many
sub-basins. Water stress and drought levels are hi-
ghest in the west, moderate in the center, and lower
in the east.

Coastal wilayas face growing governance, land-use,
and climate change challenges (Ministry of Environ-
ment, 2015). The SNAT 2030 recommends redistribu-
ting the population inland, establishing marine parks,
and scaling up non-conventional water resources,
including seawater desalination, which, though cost-
ly, has become strategic for drinking water supply in
coastal cities.

These pressures contribute to the fragmentation of
agricultural land and increased ecosystem fragility.
While demographic growth persisted until 2008, it
has since slowed down, though remains high in urban
hubs like Oran, Algiers, Skikda, and Annaba (ONS,
2015; Ministry of Environment & GIZ, 2019).

The National Spatial Planning Scheme highlights
the dual issues of water depletion and unsustainable
urbanization, fueling rural-to-urban migration and
unchecked coastal expansion. According to the Na-
tional Coastal Authority (CNL, 2017), further envi-
ronmental threats stem from unregulated tourism,
deficient waste management, and the discharge of
untreated wastewater, undermining the long-term
resilience of coastal systems.

Desalination as a strategic response

In response to escalating water demand—projected to
reach nearly 200 million m3/year by 2030 (MRESH)—
Algeria’s water policy has historically prioritized
structural interventions and large-scale hydraulic
infrastructure. However, this supply-driven approach
has proven suboptimal in addressing needs in po-
table water supply, sanitation, and irrigation, despite
significant financial investments. Water use efficien-
cy, currently 61.7%, is expected to reach 75% by 2030
(Benblidia, 2011).

The current strategy shifts focus to institutional re-
form, climate adaptation, and enhanced resource



mobilization, particularly through non-conventional
sources. Among them, seawater desalination has
emerged as a strategic solution, especially for coas-
tal cities in water-stressed western regions. The go-
vernment plans to expand desalination infrastructure
along the coastline, distributing desalinated water
over 100-150 km, with a goal to meet 50% of national
water demand by 2030 (MRESH, 2020).

According to MRESH and Plan Bleu, approxima-
tely 48 desalination plants (SWDPs) are operational
as synthesized on Table 1'". Most are located in the
western hydrographic regions (Oranie-Chott Chergui
and Chelif-Zahrez), where water availability is lowest.
These plants, predominantly medium-sized, produce
10-200 MGD and supply municipalities with potable
and ultra-pure water in line with WHO TDS stan-
dards. Their physical footprint, production capacity,
and distribution distance—which can extend up to 150
km—significantly affect cost, depending on terrain,
infrastructure, technology, and demand levels (UNDP,
2020).

While desalination addresses water scarcity, it ge-
nerates environmental externalities impacting ma-
rine and terrestrial ecosystems and altering coastal
morphology. Algeria’s coastline is already affected by
erosion, subsidence, and sea level rise—projected at
20 cm by 2030—leading to shoreline retreat and in-
creased saltwater intrusion, especially due to overex-
ploitation of coastal aquifers (Ministry of Environment
& GIZ, 2019; Lakehal, 2023).

As shown on Fig.2. most SWDPs are found in the west
(70%), within the two hydrographic regions of Ora-
nie-Chott Chergui and Chelif-Zahrez), where water
availability is the lowest, compared to 20% in the cen-
tral region and 10% in the eastern region (Lakehal,
2023). However, a great number of existing SWDPs be-
nefit Algiers, the capital city. According to their online
dates, they were also the first to be built. However, a
detailed analysis may reveal variability in their service
timelines depending on plant size and maintenance
quality. Their service lifespan is estimated at 25 years,
but variation depends on plant size and maintenance
quality. Beyond this period, new infrastructure will be
needed unless less environmentally impactful alter-
natives are implemented.

The National Water Strategy targets a desalination
capacity of 3 million m3/day by 2030 to secure ur-
ban water supply, reduce pressure on groundwater,
and enhance rainwater harvesting and wastewater
reuse. As of 2025, desalinated water will meet up to
42% of demand in five coastal wilayas (Oran, Tipa-
za, Boumerdes, Béjaia, El Tarf], with several nearly

completed plants each producing 300,000 m3/day. A
complementary program includes six mega-projects
totaling 1.8 million m3/day. Desalination is thus fra-
med as a strategic, long-term solution, with future
plants planned to be powered 30-40% by solar en-
ergy. Overall, production is projected to increase by
46.6% between 2025 and 2030 (from 3.75 to 5.5 mil-
lion m3/day)'2.

Issue, main objective, specific objectives

Despite the growing body of literature on desalination,
most research remains centered on technical dimen-
sions—such as process optimization, infrastructure
design, and energy efficiency—and environmental
impacts, particularly saline discharges and marine
ecosystem degradation (Williams, 2022). These stu-
dies aim to improve desalination performance, mate-
rials, and cost-effectiveness. However, they often lack
an integrated, long-term perspective that combines
socio-economic, environmental, and territorial va-
riables.

Crucial factors such as demographic trends (popula-
tion growth and spatial distribution], climate-related
pressures (declining precipitation, sea level rise),
the geographic optimization of plant locations, the
adaptation of production capacities, and the lifespan
extension of infrastructure are rarely addressed in a
cross-sectoral and spatialized manner. Yet, desalina-
tion infrastructure deployment must be assessed not
only through technical and resource-based lenses but
also in relation to urbanization patterns, territorial
coherence, and the principles of Integrated Coastal
Zone Management (ICZM).

This paper posits that the integration of desalination
plants into Algeria’s coastal zones must be framed
within a territorial planning paradigm that safeguards
sensitive coastal ecosystems, biodiversity hotspots,
and areas vulnerable to climate change. Moreover,
plant development and operation must align with the
Barcelona Convention and its protocols—particularly
Protocol 8 on ICZM—ensuring that urban growth and
economic development do not undermine natural re-
source conservation or ecosystem resilience.

An important hypothesis explored in this study is that
the proliferation of desalination plants may generate a
false sense of water security. While these infrastruc-
tures offer essential relief in water-stressed areas,
their energy intensity, finite lifespans, and cost-bene-
fit uncertainties raise concerns about long-term eco-
nomic, environmental, and social viability, especially
in the context of coastal demographic pressures. Fur-
thermore, increased desalination capacity may unin-

11 This figure only accounts for desalination plants currently in operation and is likely to rise, as additional facilities either are under

construction or scheduled for implementation in the near future

12 Bada L. (2025, 06 janvier), LAlgérie est un acteur majeur dans lindustrie du dessalement d’eau de mer, El-Watan, p.2. Interview by

lddir N.
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tentionally encourage coastal urban expansion, exa-
cerbating water demand and further stressing fragile
ecosystems.

Accordingly, this paper aims to provide a critical ter-
ritorial analysis of Algeria’s seawater desalination
plant (SWDP) network by evaluating its alignment
with three key dimensions:

1. Local potable water needs, based on the availa-
bility of conventional water resources in coastal
watersheds and the per capita demand of reci-
pient municipalities;

2. The coastal development strategy, through the
lens of spatial planning regulations within sustai-
nable development and climate change adapta-
tion frameworks;

3. The principles of Integrated Coastal Zone Mana-
gement (ICZM), as outlined in Protocol 8 of the
Barcelona Convention.

METHODOLOGY

Analytical approach

The analytical approach adopted in this study com-
bines a literature review, a case study analysis, and
a spatial assessment to evaluate the territorial cohe-
rence of seawater desalination plants (SWDPs) in
Algeria.

The literature review encompasses scholarly and
technical works on desalination technologies, inte-
grated water resources management, climate change
impacts on water availability, and territorial dynamics
of coastal zones. It also incorporates Algerian strate-
gic, regulatory, and executive planning documents
with a 2030 horizon, along with international commit-
ments, notably the Barcelona Convention and the Me-
diterranean Strategy for Sustainable Development.

Empirical data collection focuses on four coastal mu-
nicipalities—Tlemcen, Oran, Algiers, and Skikda—
selected for their significant number of desalination
units (respectively 4, 9, 13, and é), their hydro-climatic
diversity, and their varying urban growth trajectories.
These municipalities serve as demonstrative case
studies representative of Algeria’s western, central,
and eastern coastal regions. Complementary insights
are drawn from informal interviews with stakeholders
and public discourses, while cartographic data sup-
port the spatial analysis of SWDP distribution, urban
proximity, and associated environmental impacts.

The analysis consists of:

1. Aspatial assessment of existing SWDPs, integra-
ting geo-location, production capacities, techno-
logies, commissioning dates, and cartographic
representation (see Table 4).

2. A qualitative territorial coherence analysis, based
on three interrelated criteria:

i) Per capita drinking water requirements: This di-
mension cross-references the daily production capa-
city of SWDPs with national standards for per capita
drinking water needs (see Table 5), calculated for the
2020 population and 2030 projections. The availability
of conventional water resources at the coastal water-
shed level serves as a key qualitative indicator, given
that SWDPs are designed to supply areas with water
deficits.

ii) Alignment with the national coastal protection and
valorization strategy: This criterion assesses whether
SWDP distribution supports national sustainable de-
velopment goals and coastal zone regulations, parti-
cularly by enhancing water security, optimizing energy
use, and respecting land-use planning frameworks.
The qualitative indicators used include energy acces-
sibility and land-use compatibility.

iiil Compliance with international ICZM principles:
This analysis examines the spatial distribution of
SWDPs against the principles of Integrated Coastal
Zone Management (ICZM) as defined in Protocol 8
of the Barcelona Convention. The key criterion is the
alignment of SWDP deployment with environmental
protection, climate change adaptation, and mitigation
objectives.

Conceptual frameworks

This study is grounded in a three-pillar conceptual
framework that integrates the notions of water se-
curity, Integrated Coastal Zone Management (ICZM],
and the geography of seawater desalination plants
(SWDPs). Together, these interrelated dimensions
provide a comprehensive lens for assessing the terri-
torial sustainability of Algeria’s desalination strategy
and its consistency with international commitments,
notably the Barcelona Convention and its protocols.

- Water Security®®: The concept of water security is
operationalized through ten key criteria: availability,
accessibility, quality, affordability, reliability and conti-
nuity, risk management, governance, and institutional
capacity. Each criterion is scored on a 10-point scale,
and the national water security score is derived from

13 The UN-Water defines water security as being “the capacity of a population to safeguard sustainable access to adequate quantities
of acceptable quality water for sustaining livelihoods, human well-being, and socioeconomic development, for ensuring protection
against waterborne pollution and water related disasters, and for preserving ecosystems in a climate of peace and political stability”
(UN-Water, 2023). Two main assessment approaches have been proceeded: i) Multi-criteria analysis based on quantitative indica-
tors (e.g. m3 of water per capita/year, frequency of supply interruptions, % of population with access to improved water sources) and
qualitative indicators le.g. perception of water quality, stakeholder satisfaction) and ii) Risk-Based Assessment using risk matrices,
scenario modeling, or hydrological modeling to evaluate exposure, vulnerability, and adaptive capacity to water-related risks. (UNU-

INWEH (2013).



the aggregate. Based on this score, a country is clas-
sified as critical, insecure, moderately secure, or se-
cure (UN-Water, 2023). This scoring system facilitates
a multidimensional assessment of Algeria’s water
policy context.

- Integrated Coastal Zone Management (ICZM]: ICZM
promotes cross-sectoral coordination and long-term
spatial planning to address the cumulative impacts
of human activities, climate variability, and sea-level
rise. It emphasizes the preservation of coastal biodi-
versity, natural resources, and livelihoods through in-
tegrated governance mechanisms that reconcile eco-
logical integrity with socio-economic development.

- Geography of Seawater Desalination Plants
(SWDPs): The spatial deployment of SWDPs involves
complex site selection processes that must balance
technical, environmental, economic, and social di-
mensions (UNDP, 2020). These are categorized into
four main groups:

1. Technical feasibility: Proximity to the coastline
(preferably within 1 km), land availability and
constructability, and energy access.

2. Environmental considerations: Avoidance of sen-

sitive or protected zones and hazard-prone areas
(e.g., erosion, flooding, steep terrain).

3. Economic factors: Land cost and legal status, as
well as transport distance to the target service
area, with the goal of minimizing infrastructure
and distribution costs.

4. Socio-economic aspects: Community accep-
tance, expected local benefits, and potential for
conflict mitigation.

In accordance with international norms, each SWDP
project must be accompanied by an Environmental
Impact Assessment (EIA) to evaluate potential effects
and mitigation strategies (UN-Water, 2020).

Governance framework related to the coastal
zone management

The Ministry of Environment and Quality of Life is the
main body responsible for coastal zone management,
assisted by other ministries (Fig. 3). A key regulatory
institution, the National Coastal Council (CNL), was
created in 2004 (Decree No. 04-113). Its mission is to
implement protective and restorative measures, sup-
port local authorities, and promote public awareness

(Art. 3).

of Algiers © alanphillips
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GOVERNANCE FRAMEWORK
RELATED TO COASTAL ZONE
MANAGEMENT
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Figure.2 Governance framework of coastal zone management

The steering committee, composed of ministry re-
presentatives and environmental associations, holds
consultative authority over programs (Art. 7 and 8).

The CNL is the only body responsible for developing
and implementing the national coastal strategy, fra-
med by Law No. 2002-02 and its executive decrees,
currently under revision'. This legal framework pro-
motes sustainable development, prevention, and pre-
caution (Art. 3], aligning with land use and environ-
mental strategies’.

Local authorities must limit urban sprawl, enforce
non-aedificandi zones, and encourage relocation
of polluting industries [Art. 4). The coastal zone en-
compasses a broad area, including islands, islets,
coastal plains, wetlands, and sites of natural, cultu-
ral, or historical interest (Art. 7), imposing significant
constraints on SWDPs siting and requiring compliance
with integrated coastal zone management principles.
Executive decrees detail land-use planning: preser-
vation of natural balances (Art. 10], prohibition of ac-
tivities in protected areas (Art. 11), urban expansion
rules (Art. 12), siting of industries (Art. 15], and public
infrastructure (Art. 16), with exceptions for strategic
projects like SWDPs (Table 7).

The key planning instrument is the Coastal Mas-
ter Plan, aligned with the National Spatial Develop-
ment Master Plan. Though under revision, its core
principles are reflected in the National Strategy for
Integrated Coastal Zone Management 2030, which

emphasizes monitoring, climate resilience, and inte-
gration with strategies on the blue economy, desali-
nation, and tourism.

Decree No. 22-221 (2022) restricts tourism develop-
ment on agricultural, forested, or protected lands
(Art. 3). Decree No. 09-114 (2009) defines the Coas-
tal Development Plan (CDP) as a tool aligned with hi-
gher-level plans, including technical diagnostics and
management rules (Art. 2). So far, few wilayas have
adopted a CDP—Algiers (2005), possibly Oran'é, and
Béjaia'” (2024). Further analysis of the Coastal Master
Plan (PAC) may clarify how SWDPs are spatially in-
tegrated and their environmental impacts addressed.

Governance framework related to the seawa-
ter desalination regulation

The Ministry of Water Resources is the main institu-
tion involved in seawater desalination, with subsidiary
involvement from other ministries as shown in Fig.
4. A specific regulatory body, the National Agency for
Water Desalination (NAWD), was recently established
(Executive Decree No. 23-103 of March 7, 2023). Its
mission is to enhance national water production ca-
pacities to ensure long-term water security, ensure
compliance with technical standards and regulations
for desalination infrastructure, and coordinate with
relevant institutions, notably in scientific research
and industry (Chapter 2, Article 5).

13 For more information about the implementation of this law, see: Kacemi M. 2008. La Loi de protection et de valorisation du littoral
en Algerie : Un cadre juridique ambitieux toujours en attente. Le cas du péle industriel d’Arzew (Oran - Algérie), Proceedings of the
international pluridisciplinary conference «The littoral : challenge, dialogue, action» - Lille, France, 16-18 january 2008, 11p.

15 This information is confirmed by both the CNL and the department responsible of the coastal zone in the Ministry of Environment

and quality of life.

16 Kacemi (2011) refers to the document without supplying a corresponding bibliographic reference.
17 Décret exécutif n® 24-222 du 2 juillet 2024 portant adoption du plan d'aménagement cotier de la wilaya de Bejaya.
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Figure.3 Governance framework of desalinated water in Algeria

The NAWD is the first and only body responsible for
developing and locally implementing the national de-
salination strategy. Its governing board, composed of
representatives from key ministries (land use plan-
ning, energy, industry, environment, agriculture,
health), holds decision-making authority for interna-
tional cooperation and partnerships (Art.3 and 12).

Desalinated water use is governed by a concession
regime (Executive Decree No. 11-220 of June 12,
2011), with applications submitted to the Ministry of
Water Resources or the Wilaya Governor, depending
on whether the project serves public utility or private
purposes (Art.3). Applications must include geogra-
phical and technical details of the SWDP, cartogra-
phy, and a Master Plan (1/500) (Art.4). Once accepted,
the application is completed with an environmental
impact assessment and implementation schedule
(Art.7). Approval is formalized by a Ministry or Wilaya
order specifying the site, production volume, use, and
concession duration (Art.8-9). For public utility pro-
jects, the land is granted through a concession agree-
ment and a specific executive decree (Annex, Chap.1,
Art.1-5).

The concessionaire is responsible for construction,
operation, maintenance, environmental measures,
water quality checks, and liability for damages (An-
nex, Art.7, 12, 18). For example, Executive Decree No.
22-262 of July 6, 2022, regarding the Ain el-Karma
SWDP (Wilaya of Oran), classified as public utility,

-Maintenance

allocates 74,402 m? for a capacity of 300,000 m3/day
(Art.2), including supporting infrastructure (Art.3),
with compensation provided by the Public Treasury in
case of expropriation (Art.4).

RESULTS

Case studies analysis

Municipality of Tlemcen [Wilaya of Tlemcen)

General context: The wilaya of Tlemcen (9017,69
km2] is located in the far west of Algeria, 34° 53" 24"
Nand 1°19 12" W. It has eight from fifty-three (08/53)
coastal municipalities. The vocation of the wilaya is
therefore mainly agricultural, somehow industrial,
and touristic with regard to its significant cultural and
natural heritage. The local climate is typically Medi-
terranean to semi-arid, defined by an average rainfall
rate ranging from 200 to 500mm/year. In 2019, the
population was 1 101 383 inhabitants Referring to the
population growth rate of 2,05% , it is expected to be
approximately 1,376,834 inhabitants in 2030 (accor-
ding to the Wilaya of Tlemcen, 2025).

Local water availabilities: Local water availabilities
are 209 Hm3. The wilaya is supplied by surface re-
sources captured from surrounding mountains and
hills, in addition to groundwater extracted from do-
zens well fields. The drinking water per capita alloca-
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tion is 200 l/inhab/day in urban areas and 170 l/inhab/
day in rural areas with a connection rate to the water
supply network of 97% (according to the wilaya web-
site).

Water supply from SWDP: As shown on Table 8, three
among eight (3/8) coastal municipalities are supplied
with drinking water from SWDP. The two first SWDPs
sized M produce 5000 m3/d. They were built in 2003
and 2004 within the municipality of Ghazaouet, which
is an important commercial and fishing port. Simi-
larly, the municipality of Souk Tleta and the muni-
cipality of Honaine are supplied with drinking water
(TDS 10ppm -<1000ppm) from two SWDP sized XL
each, dating from 2010 and 2012 and producing 199
849 m3/d and 200 000 m3/d respectively. Souk Tle-
ta is rather farming based, while Honaine is a fishing
port and touristic seaside resort. Assuming a 25-year
operational lifespan, Ghazaouet may continue to be
supplied with desalinated water up to 2029, Souk
Tleta and Honaine up to 2035 and 2037respectively.
Namely, drinking water could be secured a couple
of years more, whereas the population will continue
growing at an average rate of 2,05% per year.
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Analysis of the Tlemcen case study: As an exa-
mple, according to the per capita national standards,
drinking water total allocation for 6872 inhabitants
living in Honaine in 2020, would have been 1 099,520
m?3/day. At that time, the SDWP, producing 200 000 m3/
day, could theoretically have covered almost all local
drinking water needs. In 2030, the percentage would
remain the same despite the population increase
(8418 inhab). The situation would be quite different in
Souk Tleta hosting 3 516 in 2020, 4 302 by 2030. The
per capita drinking water allocation is now 85 l/inhab/
day in Souk Tleta. The XL SWDP, which appears to be
able to cover the whole theoretical drinking water de-
mand, will likely continue to do so up to 2035. As for
Ghazaouet, the per capita drinking water allocation is
now160 l/inhab/day. The percentage covered by desa-
linated water, which is now around 73% in Ghazaouet,
will halt in 2029. An alternative should be found in
2030 and over.

i Réseau hydrographigue
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Figure.4 SWDP in coastal municipalities- Wilaya of Tlemcen (completed by the author

using the base map of www.decoupageadministratifalgerie.com)
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Referring to the Master Plan for Tourism develop-
ment in Algeria, the wilaya of Tlemcen is intensifying
and diversifying its tourism products and multi-form
services, with seaside being predominant, notably
through high-standard tourist villages and seven Tou-
rism Expansion Zones (SDAT, 2025). Furthermore,
in 2019, there were around 48 housing programs,
planned or in construction’. The urbanized area re-
presented around 48% of the wilaya total surface re-
sulting in 122 inhab/km2 (according to the Wilaya's
official website). The wilaya is now classified as a
low-density urban area (based on typical classifica-
tions derived from urban studies and density analyses,
notably those inspired by UN-Habitat frameworks).
That would explain the call for investment in various
economic sectors, including tourism (ref. Carte ter-
ritoriale des opportunités d’investissements dans la
wilaya de Tlemcen).

The municipality of Oran (Wilaya of Oran)

General context: The wilaya of Oran (1838,53 km2) is
located in the west of Algeria, 35° 42" N and 0° 38’
W. It has 14 from 26 coastal municipalities encom-
passing twenty protected areas, including marines. It
is a hub for exchange, commerce, and tourism, with
regard to its significant transport infrastructure (port,
airport, rail and road network]. The local climate is
typically Mediterranean, whereas the average rainfall
rate on average 450 mm/year defines a semi-arid cli-
mate (Sahabi, 2012).

Kieiml o

b

In 2019, the population was 2 118 603 inhabitants.
Referring to the population growth rate 3,18% , it is
expected to be approximately 2,989,512 inhabitants in
2030".

Local water availabilities: Regarding the low local
water resources, the wilaya is primarily supplied with
water from the Chelif (110 million m3/year approxi-
mately) distant of 175 km and other dams providing
781,35 Hm3 as a total volume of surface water trans-
ferred, in addition to groundwater extracted from
1143 wells and desalination plants since 2002 (Bel-
lal et al, 2015). The daily dotation is on average 170 |/
inhab/day with a connection rate to the water supply
network of 98%.

Water supply from SWDP: As shown on Table 9, two
out of fourteen (02/14) coastal municipalities are sup-
plied with drinking water from SWDP. The first SWDP
was built in 2000 in the port municipality of Arzew, a
major petrochemical complex benefiting from seven
(07) SWDPs. Three out of seven supply the municipa-
lity with drinking water, while four produce ultra-pure
water for industrial purposes. The municipality of
Arzew is supplied with drinking water from three
SDWP sized S, M and XL, with a total production ca-
pacity of 90 858 m3/d. The municipality of Bethioua
is supplied with drinking water by SWDP sized M.
Bethioua producing 5000 m3/d.
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Figure.5 SWDP in coastal municipalities- Wilaya of Oran [a}mpleted by the author using

the base map of www.decoupageadministratifalgerie.com

18 The Urban Development Master Plan of the coastal municipalities could provide insights into the current situation and planned
projects (housing, public facilities, and infrastructure) within coastal areas. Unfortunately, this document could not be consulted for

the purposes of this article.
19 After the website of the wilaya: https://wilayaoran.dz/
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Analysis of the Oran case study: Assuming a 25-year
operational lifespan, Arzew and Bethioua could conti-
nue to be supplied with desalinated water for a few
more years. The population is expected to grow at
an average annual rate of 3,18%, while the existing
SWDPs are projected to cease producing drinking wa-
ter between 2027 (earliest) and 2035 (latest). As an
example, according to the national per capita stan-
dards - in this case 180l/inhab/d - , the total daily
drinking water allocation for the 108 319 inhabitants
of Arzew in 2020, would have been 19 497 m3/day. At
that time, the three SDWP, could ideally have met the
total need, as well as by 2030, despite the population
growth (estimated at 117 509 inhabitants) and the re-
duction to two SWDP. The situation is quite similar
in Bethioua, which had around 22 226 inhabitants in
2020 and is projected to reach 30 449 by 2030. Based
on the per capita drinking water allocation - in this
case 160 l/inhab/day -, the total daily drinking water
needs amount to 4 001 m3/d in 2020 and 5 481 m3/d
in 2030. The existing SWDP, which currently appears
able to meet the entire theoretical demand, is likely
to continue doing so until 2028. Beyond that date, an
alternative solution will be required.

Referring to the Master Plan for Tourism develop-
ment in Algeria, Oran remains attractive while it is a
metropolitan strategic hub gathering four wilayates,
Oran, Mostaganem, Sidi Bel-Abbas and Tlemcen
(SNAT, 2030). It is also planned to further develop tou-
rism through a high standing tourist village notably
(SDAT, 2025). The urbanized area represented around
88% of the wilaya total surface with 1152 inhab/km2
in 2019 (according to the wilaya website). However
fragmented and unequally developed as main re-
sidential, commercial and industrial areas concen-
trated in Oran and Arzew municipalities. The Urban
master plan plans to remedy the situation by crea-
ting new housing and seaside touristic sites whereas
the urban diagnosis reveals a damaged coastal area,
exposed to the risks of high erosion and soil salinity
(ANIREF, 2013). There is also a delineated preserva-
tion marine ecosystem around Oran which the Urban
Master Plan recommended to protect through a rigo-
rous implementation of the current regulations (Law
n° 2002-02 dated 05/02/2002 related to the protection
of the coastal area and associated executive decrees).
The wilaya is classified as having medium population
density (Based on typical classifications derived from
urban studies and density analyses, notably those ins-
pired by UN-Habitat frameworks). It is seeking invest-
ment in various economic sectors, including agricul-
ture, industry and tourism (according to the website
of Agence Algérienne de Promotion de llInvestisse-
ment, consulted on April 2025). Since the future clo-
sely depends on the present, it is worth mentioning a
2011 study that highlighted the lasting environmental

impacts of the Ghazaouet industrial zone, involved in
petrochemical activities (Kacemi, 2011). The author
also raised the ineffectiveness of the Coastal Land-
use Plan (Plan d’Aménagement Cétier], which despite
identifying several sensitive natural areas of ecologi-
cal interest, has not been able to prevent continued
urbanization along the coast.

The municipality of Algiers (Wilaya of Algiers)

General context: The wilaya of Algiers (1190 km?2)
is located in the central region of Algeria, 36° 42" N
and 3° 13" E . It has 18 from 57 coastal municipali-
ties. It is the state capital port-city and is therefore
mainly dedicated to services, tourism in addition to
being somehow agricultural and industrial. The local
climate is typically Mediterranean, defined by an ave-
rage rainfall rate ranging from 670 to 800 mm/year. In
2020, the population was 3 309 896 inhabitants.

Local water availability: Local water availability is
261 Hm3. The wilaya is supplied by surface resources
and groundwater captured and extracted within coas-
tal watersheds beyond its administrative bounda-
ries. The daily dotation is on average150 l/inhab/day.
It ranges from 100 to 180 l/inhab/d according to the
number of inhabitants per municipality based on a
connection rate to the water supply network of 98%
(Ministry of Water Resources).

Water supply from SWDP: As shown on Table 1023,
six out of eighteen (06/18) coastal municipalities are
supplied with drinking water from SWDP. Assuming
a 25-year operational lifespan, the Wilaya of Algiers’
municipalities can continue to be supplied with desa-
linated water up to 2017 (earliest) and 2033 (latest),
except that the municipality of Staouali wishes SWDP
has been built more recently (in 2021). Drawing from
existing SWDPs, drinking water could be secured a
couple of years more, whereas the population will
continue growing at an average rate of 1,6% per year.
Analysis of the Algiers case study: As an example, the
first SWDP sized M, was built in 2002 in the munici-
pality of Ain Benian, an important seaside touristic
place. Ain Benian is supplied with drinking water from
two SWDPs sized M with a combined production ca-
pacity of 3 700 m3/d. As the population is expected to
grow at an average annual rate of 1,6% and the natio-
nal per capita standards - in this case 180 l/inhab/d -,
the total daily drinking water allocation for the 75 739
inhabitants of Ain Benian in 2020, would have been 13
633 m¥/d, around 15 955m3/d in 2030 (estimated pop=
88 764 inhab). At that time, the two SDWPs, could
ideally have met around 27% need, 23% by 2030, with
regard to the population growth.
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Figure.6 SWDP in coastal municipalities- Wilaya of Algiers (completed by the author using

the base map of www.decoupageadministratifalgerie.com,

Similarly, the total daily drinking water allocation for
94 685 inhabitants living in the municipality of Re-
ghaia in 2020, would have been 17 043,3 m3/day. At
that time, ideally, the SDWP, producing 10 000 m3/
day, could have covered almost 59%. By 2030, this
percentage would drop to approximately 50%, given
the population growth. It is worth noticing that this
percentage is an approximation, as the per capita al-
location is a theoretical volume, quite different - and
even higher- from the real consumption one. Accor-
ding to the Ministry, the satisfaction of water demand
is closer to 50%.

The municipalities of Borj el-Kifan and Staouali could
ideally meetaround 15% and nearly 79% of their needs
in 2020, 14% and 67 % respectively by 2030. The muni-
cipality of Hamma appears to be an exception, as the
SWDP produces 200 000 m3/d for 75 206 inhabitants,
with a total water allocation of 13 537 m3/d in 2020,
and for a projected population of 88 130 inhabitants
in 2030, with a total water allocation of 15 863 m3/d.
In this case, it is important to note that the XL-SWDP
located in Hamma, actually supplies several other
municipalities within the Wilaya of Algiers. While it
appears to be able to meet the municipality itself, at
least up to 2033, the needs of neighboring districts
and/or municipalities should also be considered. For
instance, the municipalities surrounding Hamma are
among the most densely populated in the wilaya.

Referring to the Master Plan for Tourism development
in Algeria, the wilaya of Algiers is also intensifying and
diversifying its tourism products and multi form ser-
vices, with seaside tourism being the predominant,
particularly through the development of high standing
tourist villages (SDAT, 2025). The wilaya of Algiers, like
the wilaya of Oran, remains attractive, while it is an
expanding metropolitan strategic hub encompassing
four wilayates, Algiers, Tipaza, Blida and Boumerdes
(SNAT, 2030). Additionally, several housing programs
are either planned or currently under construction
within the wilaya of Algiers. The urbanized area re-
presented approximately 80% of the wilaya total sur-
face, resulting in a population density of 2759 inhab/
km2 (website of the wilaya). Consequently, the wilaya
is classified as a high-density urban area (Based on
typical classifications derived from urban studies and
density analyses, notably those inspired by UN-Habi-
tat frameworks). As a capital-city, the wilaya is un-
dergoing a number development projects, in addition
to many others planned under the framework of the
new Urban Master Plan. In particular, the housing
program is continuing in order in response to the high
demand, alas, often at the expense of the fertile lands
of the famous Mitidja plain.
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The Algiers Master Plan also includes provisions for
the protection of the coastal area, along with its spe-
cific marine and coastal ecosystems, hydrosystems,
biodiversity and wetlands (Ministére de lenvironne-
ment, 2006). At the same time, it aims to reconnect
the city with the sea through prominent waterfront
development projects. The law governing coastal
area protection is being reviewed, likely due to that
emblematic project and the planned seaside tourism
zones, be it public or private. A key issue arises: how
does the city intend to reconcile ecological and envi-
ronmental requirements with this prestigious politi-
cal and socio-economic vision, while providing water
for all uses? Information regarding the planned or
under-construction stations would have allowed us to
address the question, at least partially. Unfortunately,
it has not been communicated so far.

The municipality of Skikda (Wilaya of Skikda)

General context: The wilaya of Skikda (4137,68 km2)
is located in the far east of Algeria, 36° 450 N and 6°
490 600 E. It has eight from fifty-three (08/53) coas-
tal municipalities. The vocation of the wilaya is main-
ly tourism and industry, specifically in the chemical
and petrochemical sectors. The local climate is hu-
mid to sub-humid, typically Mediterranean, and de-
fined by an average rainfall rate ranging from 1000 to
1500mm/year. It is actually among the wilayate with

the highest annual rainfall in Algeria. In 2020, the po-
pulation was 1 095 666 inhabitants Referring to the
population growth rate 1,22%, it is expected to be ap-
proximately 1 295 000 inhabitants by 2030.

Local water availability: According to the national
standards - in this case 180 l/hab/d - drinking wa-
ter total allocation for 202 567 inhabitants living in
the municipality of Skikda in 2020, would have been
36 462, 06 m3/day. At that time, the SDWPs with a
combined production capacity of 119 000m3/day, may
have covered almost all local needs in drinking water.
In 2030, the percentage would remain the same des-
pite the population increase (228 682 inhab).

Water supply from SWDP: As shown on Table 1124,
only the municipality of Skikda, the chief-town of
the wilaya, is supplied with drinking water from the
SWDP. Assuming a 25-year operational lifespan, it
can continue to be supplied with desalinated water
until 2028 (earliest) and 2033 (latest), while the indus-
trial areas would continue being supplied from SWDP
until 2033-2035, as they were built more recently (in
2005 and 2007 respectively). Yet, drinking water could
be secured a couple of years more, whereas the po-
pulation will continue growing at an average rate of
1,22% per year.
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Analysis of the Skikda case study: Referring to the
Master Plan for Tourism development in Algeria,
Skikda remains attractive. It is intensifying and exten-
ding the port zone while developing petrochemical,
biotechnology, mechanics and metallurgy (SNAT,
2030). Within that new growing hub, seaside tourism
is being developed through high standing tourist vil-
lages notably (SDAT, 2025). Furthermore, several
housing programs are planned or under construction
in order to answer an increasing demand. The urba-
nized area represented around 78,5% of the wilaya
total surface resulting in 280 inhab/km2 (according to
the wilaya website). Yet, the wilaya is classified as a
medium to low-density urban area (Based on typical
classifications derived from urban studies and den-
sity analyses, notably those inspired by UN-Habitat
frameworks). It is calling for investment in various
economic sectors, including tourism, agriculture, and
the transformation industry (materials, agri-food,
steelmaking, textiles, etc.).

DISCUSSION

Geography of SWDPs, Water Availability, and
Demand

The spatial distribution of SWDPs in Algeria follows
a territorial logic that aligns with regional water de-
ficits. These facilities are concentrated along the
coastline, particularly in the western regions, where
freshwater resources are acutely limited. For ins-
tance, based on available data, the wilaya of Tlemcen
records an annual water availability of only 152 m3 per
capita. Similarly, the wilaya of Oran is experiencing a
sharp reduction in water availability—298 m3 per ca-
pita per year—due to declining precipitation, overex-
ploitation of aquifers, and pollution. These figures fall
well below the international water stress threshold of
1,000 m3 per capita per year. Even in Algiers, often
prioritized in water supply efforts, the figure reaches
only 78.85 m3 per capita per year. The wilaya of Skikda
stands as an exception, with an availability of 1,293 m3
per capita per year.

These conditions highlight the growing reliance on
non-conventional water resources despite their si-
gnificant environmental impacts at local and regio-
nal scales (Le Quesne and al, 2024). In this context,
seawater desalination emerges as a response to both
structural deficits (e.g., regional inequalities, recur-
rent droughts) and circumstantial pressures [e.g.,
interannual variability, prolonged dry spells). Concur-
rently, water demand is increasing significantly due to
demographic growth, the concentration of economic
activities along the coast, the expansion of the tou-

rism sector (as encouraged by the national tourism
development plan), and industrial ambitions (such as
the industrial zones in Arzew and Skikda)?.

In response, the Government has invested heavily in
the development of desalination infrastructure, with
numerous SWDPs currently operational or under
construction. A parallel effort is underway to inte-
grate renewable energy sources (e.g. solar energy) to
enhance the long-term energy sustainability of these
systems.

However, several dimensions of «water security»
raise questions about the long-term viability of this
option:

e Availability: Locally increased by SWDPs, but
conventional water sources continue to decline
overall.

e Accessibility and affordability: Currently ensured
through subsidies, but long-term sustainability
is threatened by rising energy, treatment, and
maintenance costs.

¢ Reliability: SWDPs have a limited lifespan (typi-
cally 25-30 years) and are sensitive to seawater
quality (e.g., pollution, suspended solids).

e Quality and continuity: Although water quality is
controlled, distribution remains intermittent in
some areas, including Algiers and Oran.

e Vulnerability: SWDPs are exposed to natural ha-
zards [e.g., erosion, marine submersion, sea-le-
vel rise] and anthropogenic pressures (e.g., coas-
tal morphology changes due to urban expansion
and pollution).

SWDPs and Integrated Coastal Zone Manage-
ment (ICZM)

The concentration of SWDPs along the coastline
raises critical concerns for spatial planning and go-
vernance. The coastal zone already hosts over half of
the national population, most economic infrastruc-
ture, and numerous industrial activities—all of which
are frequently in conflict with ecosystem conservation
imperatives.

The current trajectories of coastal development in
Tlemcen, Oran, Algiers, and Skikda, while aligned
with Algeria’s national strategic planning frameworks
(SDAT 2025 and SNAT 2030), reveal planning gaps
when examined through the lens of Integrated Coas-
tal Zone Management (ICZM).

20 By providing specific data related to water availability, including both conventional and non-conventional resources, current and
projected water stress could have been assessed. However, water consumption and per capita allocation are generally not reported at
the municipality scale. Regarding water supply, the wilaya is divided into zones, which are further subdivided into centers. Additional-
ly, water infrastructures, which are managed by a public firm, may supply more than one municipality.
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These initiatives indicate that coastal planning re-
mains fragmented, while cross-sectoral coordina-
tion is still limited as evidenced by the juxtaposition
of high-end tourism infrastructure with industrial
and residential expansion, often within ecologically
sensitive coastal zones. In Skikda and Oran, for ins-
tance, the concurrent development of petrochemical
hubs and seaside tourism zones exemplifies a lack of
integration between environmental, industrial, and
tourism planning—contradicting the holistic ethos of
ICZM. To date, only three coastal development plans
have been formally adopted (Algiers, Oran, and Bé-
jaral, and the ICZM 2030 report highlights a persistent
lack of intersectoral coordination.

The continued expansion of coastal metropolitan areas
(e.g., Algiers, Oran, Annaba) may exacerbate existing
pressures, contravening the principles of adapta-
tion, ecosystem-based management, and precaution
that ICZM promotes. Urbanization dynamics—both
planned and informal—continue to threaten ecologi-
cally sensitive areas. The close proximity of industrial
zones, planned and informal settlements, and desa-
lination infrastructure amplifies local vulnerabilities.
As an example, urbanized area along the coastal zone
is increasing in the wilaya of Tlemcen, Oran, Algiers
and Skikda, by about 14,4%, 28,7%, 36,7% and 31,6%
respectively (Mezouar, 2022).

Regarding long-term spatial planning, although each
wilaya is equipped with master plans and zoning ins-
truments, their implementation rather appears reac-
tive, while informal urbanization continues to grow, the
continued urbanization of the Mitidja plain in Algiers
and the ongoing degradation of Oran’s coastline are
relevant examples of that process. Despite the exis-
tence of regulatory frameworks such as the Coastal
Land-Use Plan and Law 02-2002, suggest that spatial
planning appears neither sufficiently nor effectively
integrated into long-term urban and socio-economic
development strategies. However, the availability of
local urban planning documents would provide rele-
vant insights, enabling a more accurate assessment
of their alignment with precautionary principles as
part of environmental protection approaches.

With respect to protection of coastal biodiversity
and ecosystems, although some marine and coastal
areas—particularly around Oran and Algiers— are
designated as marine protected areas, urban and in-
dustrial encroachment persists. This indicates a gap
between legal provisions and actual practices in envi-
ronmental governance and monitoring mechanisms.
The safeguarding of natural resources and live-
lihoods, particularly agricultural land and water
resources, appears insufficiently prioritized. The
conversion of fertile agricultural zones, notably in Al-
giers and Tlemcen, to accommodate housing and tou-

rism projects may undermine long-term food security
and rural livelihoods. Furthermore, that raises criti-
cal questions about the sustainability of such growth
patterns in the context of water stress.

Coastal planning remains fragmented. To date, only
three coastal development plans have been formal-
ly adopted (Algiers, Oran, and Béjaral, and the ICZM
2030 report highlights a persistent lack of intersecto-
ral coordination. The continued expansion of coastal
metropolitan areas (e.g., Algiers, Oran, Annaba) may
exacerbate existing pressures, contravening the prin-
ciples of adaptation, ecosystem-based management,
and precaution that ICZM promotes. Urbanization
dynamics—both planned and informal—continue to
threaten ecologically sensitive areas. The close proxi-
mity of industrial zones, planned and informal sett-
lements, and desalination infrastructure amplifies
local vulnerabilities. As an example, urbanized area
along the coastal zone is increasing in the wilaya of
Tlemcen, Oran, Algiers and Skikda, by about 14,4%,
28,7%, 36,7% and 31,6% respectively (Mezouar, 2022).

Prospects and Policy Levers

The municipalities of Tlemcen, Oran, Algiers, and
Skikda exemplify distinct coastal dynamics shaped
by specific geographic, climatic, and socio-economic
contexts. Each reflects a different configuration of ur-
ban development, demographic trends, and economic
specialization—from agriculture and tourism to heavy
industry and port logistics. Despite these contrasts,
all four municipalities share a structural reliance on
seawater desalination to secure drinking water sup-
ply amidst increasing demand. However, the lifespan
and coverage of existing desalination infrastructure
vary significantly, exposing varying degrees of vulne-
rability. With ongoing urban expansion, touristic am-
bitions, and industrial pressures, ensuring long-term
water security in these coastal regions requires more
than technical solutions: it demands anticipatory go-
vernance, integrated planning, and context-sensitive
strategies tailored to each territory’s profile.

Tlemcen stands out for its agricultural profile and dis-
persed coastal urbanization, where desalination sup-
ports a limited number of municipalities. Its relatively
moderate growth allows current capacities to suffice
for now, though they are nearing obsolescence. Oran,
in contrast, combines high urban pressure, major in-
dustrial demand, and dependency on long-distance
transfers, making its water security more fragile
despite an extensive desalination system. Algiers,
with its dense urban fabric and central political role,
confronts critical land-use tensions. Though it hosts
several SWDPs, these only partially cover local needs,
while major projects threaten ecological balance and
fertile peri-urban land. Skikda benefits from abun-



dant rainfall and moderate demographic pressure,
yet relies on a single desalinated water supply point
concentrated in the capital municipality. Its inten-
sifying industrialization and port activities may offset
its climatic advantage. Together, these cases reveal
the need for diversified, resilient water supply strate-
gies and better alignment between water infrastruc-
ture planning, territorial development, and coastal
ecosystem protection.

The key issue is not to reject desalination outright—it
remains a strategic solution in a context of resource
scarcity—but rather to reposition it within a broader,
more integrated vision. Key policy levers can be prio-
ritized as follows:

1. Integrating SWDPs more systematically into ter-
ritorial planning instruments (urban planning,
ICZM, energy strategies): The review of local plan-
ning documents can reveal the articulation level
between water infrastructure development and
territorial instruments like PDAU (urban mas-
ter plans) or ICZM frameworks. This observation
appears to be common to the four case studies,
but it needs to be confirmed and assessed. In any
case, cross-sectoral planning coherence needs
to be reinforced.

2. Reinforcing local governance and institutional
capacities to anticipate climate change impacts
and manage emerging risks: Across all cases,
local actors have limited involvement in water
infrastructure planning, with decisions largely
centralized. Climate risks—such as saltwater
intrusion or seasonal shortages—cannot be an-
ticipated at the municipal level. The need to build
institutional capacities and foster multi-level
coordination is therefore a crucial condition for
adaptive and sustainable water management.

3. Strengthening environmental monitoring of coas-
tal impacts (e.g., brine discharge, cumulative ef-
fects): According to the legal texts, environmental
impact assessments are mandatory, especially
regarding brine discharge effects. This is espe-
cially important in the case of Skikda and Oran,
where SDWPs supply industrial and port areas in
addition to providing the population with drinking
water.

4. Promoting water-use efficiency: The analysis of
Oran and Skikda, both experiencing increasing
pressure from tourism and industry, shows that
water consumption remains high, particularly in
agriculture (e.g., irrigated citrus in Skikda) and
expanding tourism facilities. This underscores
the need to shift from a purely supply-oriented lo-
gic to a demand-management approach, aligned
with local availability thresholds, and aimed at
improving efficiency and optimizing the use of
both conventional and non-conventional water
resources.

5. Enhancing wastewater recovery and reuse: The
analysis demonstrates significant potential in Al-
giers in particular as the wilaya has appropriate
infrastructure. For instance, many wastewater
reuse irrigating pilot projects and recycling pro-
cesses are already experienced in Algeria (e.g.,
the Wilayas of Ouargla, Constantine, Laghouat,
Biskra) (Aroua, 2022).

While most of these actions are largely integrated
into the National Water Plan, their implementation
and long-term continuity require continued policy
commitment. Furthermore, the integration of SWDPs
into territorial planning documents is an essential
step toward improved coherence and sustainability.
Countries across the Mediterranean and beyond are
grappling with similar dilemmas. Algeria has laid
the groundwork for a short- and medium-term res-
ponse. The next step is to consolidate these gains,
acknowledge existing limitations, and initiate a tran-
sition toward an integrated, resilient, and equitable
water resource management framework.

CONCLUSION

This paper set out to critically assess the current
and projected role of seawater desalination plants
(SWDPs] in securing Algeria’s water supply, through
the combined lens of spatial planning and integrated
coastal zone governance. Drawing on a mixed-me-
thods approach—both qualitative and quantita-
tive—the study sheds light on the complex interplay
between necessity and uncertainty that characterizes
the recourse to desalination in a context of growing
hydric stress.

Several methodological and empirical limitations
must nonetheless be acknowledged. In the absence
of reliable commune-level data, demographic pro-
jections to 2030 were extrapolated from wilaya-level
growth rates. Likewise, estimates of water potential
were based on watershed or wilaya-level figures.
While the 2030 time horizon is consistent with major
national strategies—such as the SNAT and the Natio-
nal Tourism Strategy—it no longer qualifies as long-
term planning. With regard to water resources, a 50-
to 100- year strategic planning horizon is indeed now
widely recommended (Aroua, 2018).

Additionally, this study was unable to integrate spatial
development data from local planning tools such as
the Wilaya Development Plan and the Urban Master
Plan, which would have yielded valuable insights into
future urban expansions, housing developments, and
the spatial footprint of water infrastructure. These
documents were not available for consultation at the
time of writing. Finally, the assessment of SWDPs fo-
cused exclusively on potable water production, exclu-
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ding industrial demand due to a lack of sector-spe-
cific data—a critical blind spot, given the industrial
ambitions of coastal development poles such as
Arzew and Skikda.

Despite these limitations, the central value of this
work lies not in data exhaustiveness, but in the ar-
ticulation of a fundamental issue: the structural and
systemic uncertainty that surrounds both conven-
tional and non-conventional water resources, albeit
for different reasons. Far from dispelling doubt, the
analysis challenges the perception of desalination as
a panacea and invites a critical re-evaluation of its
long-term viability as a development strategy.

Any national development strategy cannot be credibly
based on unresolved uncertainties. Yet it is precisely
uncertainty that forms the foundation of the IPCC’s
climate scenarios, which nevertheless guide global
policymaking. This paradox prompts a broader re-
flection: do we truly have a choice? Tentatively, the
answer is yes—but it is a choice that demands vision
and political courage.

It requires resisting the technocentric momentum
and reorienting policy toward the hydrological and
ecological carrying capacities of territories, as prac-
ticed by earlier societies: through frugality, prudence,
and a deep-seated respect for the natural world—one
that humanity neither can, nor has any interest in,
overpowering. Thus, there is little merit in perpetua-
ting a logic of domination over nature; rather, the path
forward lies in re-establishing balance and cohabita-
tion.

Ultimately, the analysis conducted underscores the
necessity of a nuanced and constructive evaluation of
the current and future role of seawater desalination
plants (SWDPs) in securing Algeria’s water supply.
While their deployment reflects a strategic attempt
to anticipate and respond to a growing water deficit,
it is now imperative to reconsider this orientation in
light of the principles of sustainable territorial de-
velopment and integrated coastal zone manage-
ment (ICZM). In other words, the objective is not to
challenge a strategy that may well be necessary at
present, but rather to assess its limitations and ex-
plore potential development evolutions by identifying
alternative or complementary levers for action.

In sum, while Algeria has initiated a response to im-
mediate and medium-term water supply challenges,
the deeper task ahead lies in recognizing the limits
of current trajectories and undertaking a transition
toward integrated, adaptive, and ecologically groun-
ded water governance—one that is not only resilient
and reactive, but also proactive and equitable and
rooted in the local realities.

The deployment of seawater desalination plants in
Algeria raises several critical issues?!, particular-
ly regarding strategic alignment with water security
as defined by UN-Water, territorial planning policies,
and the principles of integrated coastal zone mana-
gement. While these infrastructures address the im-
perative of securing potable water supply in a country
facing chronic hydrological deficits, their siting must
be rigorously balanced and coordinated with the spe-
cific water availability within coastal areas, especially
in contexts of rapid urban and industrial expansion.
Desalination plants must be strategically positioned
to maximize operational efficiency, aligning with local
water demand while considering the limited availabi-
lity of conventional resources.

As an example, Algeria is rated as water insecure,
with national water security scoring 58 out of 100. For
comparison, the United Arab Emirates are rated mo-
derately secure, with national water security scoring
66 out of 100, and Spain is rated secure, with national
water security scoring 77 out of 100. Gulf countries
are profoundly reliant on seawater desalination, with
Masdar city setting an ambitious target to reduce its
consumption by 80%, aiming to alleviate both ener-
gy demand and the environmental impact of brine
discharge. However, seawater desalination plants
exert a range of impacts on the marine environment
at a regional scale, which are compounded by multi-
ple human activities in the Gulf. While desalination in
the Gulf region is essential for socio-economic deve-
lopment and is expected to expand further to ensure
drinking water supply, it simultaneously undermines
the objectives of sustainable development.

Similarly, in Spain’s southeastern coast, desalination
has played a pivotal role in sustaining intensive agri-
culture and supporting urban-tourist expansion. Yet
it has encouraged further urbanization and agricul-
tural intensification in ecologically sensitive coastal
zones (Bernabé-Crespo and al, 2019]. Similarly, in the
United Arab Emirates, it has enabled the growth of
megacities like Dubai, increasing energy demand and
placing additional stress on marine environments due
to brine disposal and habitat disruption. These two
examples illustrate how the promise of technological
resilience can paradoxically drive land-use changes
that undermine environmental sustainability, espe-
cially in the absence of wise water governance and
integrated spatial planning frameworks.

21 B Beyond territorial coherence and alignment with water needs and spatial planning policies, the deployment of desalination
plants raises several major challenges of a technical, economic, environmental, and social nature, such as energy sustainability,

economic cost, and environmental impact.
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Abstract

Seawater desalination is a crucial solution to Algeria’s water crisis. However, this sector faces
significant sustainability challenges, particularly regarding water resource management. This
study examines the impact of water management on desalination, with a specific focus on inte-
grating the reuse of treated non-conventional water. The research was conducted in selected pilot
provinces in Algeria, providing region-specific insights into sustainable desalination practices.
The main objective is to optimize water resource utilization while minimizing environmental and
economic impacts. To achieve this, the Water Evaluation and Planning System (WEAP) model
was used to simulate water demand and assess future water resource needs. This tool supports
infrastructure planning, particularly for desalination and treated wastewater reuse systems.
Additionally, the K-means clustering method and the Analytic Hierarchy Process (AHP) were ap-
plied to identify the area’s most vulnerable to water stress, considering climatic, demographic,
and hydrological factors. Our results indicate the presence of vulnerability zones that require
particular attention. For instance, Oran exhibits extreme vulnerability to water scarcity, whereas
El Tarf presents a more favorable situation with lower vulnerability. The analysis of the temporal
patterns of water demand projected until 2050 reveals a generalized increase across all regions,
although the intensity of this growth varies significantly between provinces. For example, water
demand in Oran is expected to increase by 208.6%, reaching 260.1 Mm?2in 2050, while Algiers and
Setif will experience increases of 41.2% (reaching 182.4 Mm?) and 172.3% (reaching 153.7 Mm3),
respectively. These trends reflect growing pressure on water resources. The projected evolution
of unmet water demand in major Algerian provinces suggests a substantial worsening of water
deficits by 2050 in the absence of desalinated water. A cross-analysis of treated wastewater
return flows and unmet water demand (UWD) in Algeria highlights strategic opportunities for
more efficient water resource management by 2050, positioning wastewater reuse as a key lever
for alleviating water supply pressures. This combined approach will help target regions most at
risk of water shortages while promoting a more rational management of desalinated and reused
water. The findings of this study will provide concrete recommendations to strengthen water
resource governance, adopting a more integrated and sustainable approach aligned with inter-
national commitments, including those from COP23 and the Barcelona Convention.

Keywords: Desalination, Wastewater reuse, Water management, water stress WEAP, Clustering,
Sustainability.
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INTRODUCTION

Faced with the increasing scarcity of freshwater re-
sources, seawater desalination has become an es-
sential technological solution for regions experien-
cing severe water stress (Rodoula K, 2025; Mitiche
R, 2010). By harnessing the oceans, which account
for nearly 97% of the world's water reserves (Wei
Han Tu, 2024), this technology provides a virtually
unlimited source of drinking water, contributing to
sustainable development goals (Sajna M.S., 2024).
However, despite its potential, desalination faces ma-
jor challenges, including high energy costs, environ-
mental impacts related to brine discharge (Gamboa
G, 2025; Bianchelli S, 2022), and the need for optimal
integration into existing water systems (Grau-Cano
S, 2025; Kherbache N, 2020), particularly in terms of
adapting current distribution networks—which may
be outdated or insufficient—to handle the variable
supply and localized production of desalinated wa-
ter. This issue is particularly critical as shifting cli-
mate patterns, prolonged droughts, and excessive
extraction of freshwater sources continue to inten-
sify pressure on global water availability (Heck et al.,
2017; Heck et al., 2018). Conventional drinking water
sources are becoming increasingly unreliable, making
desalination a crucial strategy for addressing water
scarcity in coastal areas and improving overall water
security (Sola et al., 2024). However, the widespread
adoption of desalination technologies is accompanied
by significant challenges. Chief among these are the
substantial financial costs associated with construc-
ting and maintaining desalination infrastructure, as
well as the high electricity demands of processes
such as reverse osmosis (RO) and thermal distillation
(Azevedo et al., 2023). According to Plan Bleu (2023),
the cost of producing 1 m? of desalinated seawater in
the Mediterranean region typically ranges from €0.5
to €1.5, depending on the technology and local condi-
tions, with energy costs representing up to 50% of the
total operating expenses. The considerable initial in-
vestment and continuous operational expenses often
hinder the feasibility of desalination projects, particu-
larly in economically constrained regions. Additional-
ly, the energy-intensive nature of desalination raises
environmental concerns, notably its contribution to
greenhouse gas emissions and the ecological conse-
quences of increased energy consumption (Nassrul-
lah et al., 2020; Xu et al., 2013). Another major envi-
ronmental issue is the disposal of concentrated brine,
which, when released into marine environments, can
disrupt ecosystems and pose a threat to aquatic life
(Lee et al., 2019; Alazmi et al., 2023).

Sustainability remains a key challenge in desalination
efforts. Emerging technologies, such as membrane
distillation and solar-powered desalination systems,
seek to reduce environmental impacts (Kaur et al.,
2024). Improvements in energy efficiency and the

integration of hybrid desalination methods have the
potential to minimize the ecological footprint of these
processes, fostering a more sustainable approach
to water production (Berenguel-Felices et al., 2020).
However, as many of these innovations are still in
early stages of development, the desalination sector
continues to face the complex task of balancing water
security benefits with economic and environmental
trade-offs.

In Algeria, a country particularly vulnerable to wa-
ter shortages due to its arid climate and recurring
droughts ( Meddi M, 2024; Khacheba R, 2018; Der-
radji et al., 2023), desalination plays a strategic role
in water policy (Yasmine K, 2025; Abdelkrim Sadi,
2004). With infrastructures such as the Hamma de-
salination plant, capable of producing 500,000 m3/
day (Amokrane M, 2021), the country is relying on this
technology to secure its water supply.

Spatial disparities in water resource access are par-
ticularly pronounced in Algeria. The eastern region
benefits from more developed hydraulic infrastruc-
ture, supported by large dams ensuring better water
flow regulation. In contrast, the western region and
the High Plateaus, which rely on smaller reservoirs,
remain highly vulnerable to climate fluctuations and
periods of water stress. Moreover, coastal areas, ex-
periencing sustained demographic growth, face an
increasing imbalance between water supply and de-
mand, despite the presence of dedicated supply in-
frastructures.

From a climatic perspective, the region has a Medi-
terranean climate with annual precipitation ranging
from 400 to 900 mm, with significant variability de-
pending on the locality (ANRH, 2023). However, the
spatial and temporal distribution of rainfall remains
uneven, exacerbating water stress periods, especial-
ly in summer. In response to these challenges, the
Algerian government has implemented a resource
diversification policy, emphasizing desalination as a
strategic alternative.

This article provides an in-depth analysis of the
role of desalination in water resource management,
highlighting its benefits, limitations, and the neces-
sary innovations for making it a sustainable solution.
Special attention will be given to the Algerian context,
where public policies, subsidized costs (Abdelhafid
Benahmed, 2025), and alternative energy sources
play a crucial role in the future viability of this tech-
nology. Finally, the study will explore potential impro-
vements, including the reuse of treated wastewater
and better-integrated water resource management
in response to climate challenges (Palatnik R, 2025;
Drouiche N, 2012).



This research evaluates the impact of desalination and
wastewater reuse on water resource management in
Algeria by combining the WEAP model with K-means
clustering. This approach helps identify areas vulne-
rable to water stress and optimize water resource
utilization. The analysis will lead to practical recom-
mendations for effective governance and sustainable
infrastructure planning. It also aims to provide poli-
cymakers and industry stakeholders with strategic
guidance for integrated water resource management,
balancing water security, economic efficiency, and
environmental sustainability while considering local
specificities and international best practices.

METHODOLOGY

Study Area Presentation

The study area includes 9 coastal provinces of Alge-
ria that benefit from seawater desalination, as well as
those scheduled to be served by this technology un-
der national strategies for securing water supply. This
approach aligns with Algeria’s national water strate-
gy, which aims to increase seawater desalination
capacity to over 3.8 million m3day by 2030 to meet
the growing urban demand and reduce dependency
on surface and groundwater resources (Ministry of
Water Resources and Security, Algeria, 2022). Admi-
nistratively, it encompasses several provinces along
the coastline, notably Algiers, Oran, Mostaganem,
Chlef, Tipaza, Boumerdes, Béjaia, Skikda, and An-
naba, which are directly supplied by operational desa-
lination plants. 2 additional inland provinces, such as
Blida and Sétif, are also included in the study due to
water transfer projects aimed at providing them with
an additional resource to address water shortages.

This study area is characterized by a high popula-
tion density and rapid urbanization rates, leading
to increasing pressure on water resources. With an
estimated population of over 25 million inhabitants,
representing nearly 60% of the national population
(ONS, 2023), these provinces experience high demand
for drinking water, particularly in major urban cen-
ters like Algiers, Oran, and Annaba. Conventional wa-
ter resources, sourced from dams and aquifers, are
increasingly insufficient to meet these needs due to
irregular rainfall, reservoir sedimentation, and ove-
rexploitation of aquifers.

Algeria mainly relies on its hydraulic infrastructure
to meet the growing demand for drinking and agri-
cultural water. The country has more than 80 dams
with a total storage capacity of 8.4 billion cubic me-
ters (ANBT, 2023). Algeria’s erosion rate is considered
the highest in the Maghreb, exceeding 2,000 tons/km?
per year for most watersheds in the Tell region. While
reservoir sedimentation remains the most quanti-

fied consequence of soil erosion (BENFETTA H, et al.,
2016), other sectors are also affected by sediment
transport. For example, the Beni Haroun Dam (960
million cubic meters) has seen its net capacity de-
crease to 864 million cubic meters, while infrastruc-
tures like Ain Zada and Draa Diss have experienced
significant reductions, impacting water supply to key
regions (ANBT, 2022).

The study area currently hosts several operational
desalination plants, the most significant being Mag-
taa (Oran, 500,000 m3day), Fouka (Tipaza, 120,000
m3/day), Cap Djinet (Boumerdés, 100,000 m3/day),
and El Mactaa (Mostaganem, 200,000 m3/day]. Addi-
tional plants are being planned or expanded to ensure
water supply to inland provinces.

The inclusion of non-coastal provinces in this study
is justified by the growing interconnectivity of Alge-
ria’s water supply infrastructure, particularly the
strategic expansion of transfer networks originating
from coastal desalination plants. While desalination
facilities are predominantly located along the Medi-
terranean coast, their impact increasingly extends
inland through extensive pipeline systems. Notable
examples include the transfer of desalinated water
from the Algiers plant to the neighboring province of
Blida, and from the Mostaganem plant to inland areas
such as Relizane. These initiatives are part of a broa-
der national strategy to mitigate regional water dis-
parities by redistributing water from surplus to deficit
zones.

This integrated water management approach re-
flects a shift from isolated, locally-focused solutions
to a more coordinated national water grid. It not only
addresses the acute water shortages faced by inland
provinces—often exacerbated by drought, declining
aquifer levels, and climate variability—but also re-
duces dependence on overstressed groundwater
sources in the High Plateaus. By linking desalination
with hydraulic interconnections, Algeria is leveraging
its coastal advantage to support inland resilience,
thereby promoting equitable access to water across
regions. This strategy aligns with long-term sustaina-
bility goals and enhances the flexibility and reliability
of the country’s water supply system.

Furthermore, groundwater resources were not in-
cluded in this model due to the lack of precise quanti-
tative data and detailed aquifer explorations. Additio-
nally, Algerian authorities prioritize the preservation
of these aquifers for agriculture and as a strategic re-
serve, particularly since several aquifers have expe-
rienced alarming declines in water levels over recent
decades due to successive droughts.
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Figure.1 Geographical Location of the Study Area in Algeria

This research aims to enhance governance and re-
gulations in Algeria for the sustainable management
of water, integrating desalination and the reuse of
non-conventional water, while adhering to the sustai-
nability criteria set forth by COP23 and the Barcelo-
na Convention. The methodology consists of several
main components:

Clustering and AHP method

As part of this study, we applied the K-Means clus-
tering algorithm to time series data covering three
essential variables:

e Population: Total number of inhabitants in each
province, expressed in number of persons, based
on data from the Office National des Statistiques
(ONS, 2023).

e Precipitation: Annual total rainfall measured in
millimeters per year (mm/year), derived from
CHIRPS remote sensing datasets.

e Aridity index: A dimensionless indicator calcu-
lated as the ratio between mean annual preci-
pitation and potential evapotranspiration (PET),
based on FAO-UNEP classification, used to cha-
racterize climatic dryness.

The main objective was to identify and classify areas
vulnerable to water stress while considering demo-
graphic and climatic dynamics. The approach adopted
is based on an optimized segmentation of territories
into homogeneous groups, enabling analysis of in-

teractions between population density and available
water resources. Through this classification, it beco-
mes possible to detect regions where anthropogenic
pressure on water resources is strongest, thus faci-
litating the development of sustainable management
strategies and adaptation to changing climatic condi-
tions.

The study assesses vulnerability to water shortages
through an integrated approach considering climatic,
hydrological, infrastructural and socio-economic fac-
tors. The objective is to identify at-risk areas to opti-
mize water resource management.

Six major criteria are analyzed: (1) Aquifers, essential
for drinking water supply and irrigation, where ove-
rexploitation can lead to resource depletion - mea-
sured through groundwater levels (in meters), va-
riations in stored volumes (in million cubic meters),
and abstraction rates (in cubic meters per year);(2)
Drought vulnerability, where low rainfall and pro-
longed dry periods worsen water stress - assessed
using metrics such as annual rainfall (in mm/year),
the Standardized Index de sécheresse. (3) Hydraulic
infrastructure, such as dams and desalination plants,
whose inadequacy or inefficiency increases shortage
risks - evaluated through storage capacity (in million
cubic meters), desalination output (in cubic meters
per day). (4) Water pressure, linked to growing de-
mand for domestic, increasing pressure on available
resources - quantified using total water demand (in
cubic meters per year), and the water stress index
(expressed as a percentagel; (5) Surface water avai-



lability, with dams and wadis playing a crucial role in
water supply and reservoir filling levels (percentage
of total capacity). (6) Population density, a key factor
exerting additional pressure on water infrastructure
- captured through inhabitants per square kilometer,
urbanization rates (percentage of population living in
urban areas).

Water shortage vulnerability assessment relies on a
multicriteria approach integrating data collection and
analysis, Analytic Hierarchy Process (AHP) for factor
weighting, and result aggregation to establish a glo-
bal vulnerability index. First, hydrological, socio-eco-
nomic and infrastructural data are collected, then
reclassified into numerical values on a standardized
vulnerability scale. Each variable (e.g., precipitation,
aridity index, population density, groundwater availa-
bility) is translated into a vulnerability score typically
ranging from 1 (low vulnerability) to 5 (very high vulne-
rability), based on predefined quantitative thresholds.
For instance, areas with very low precipitation or a
highly arid climate will receive higher vulnerability
scores, while regions with abundant renewable wa-
ter resources and strong infrastructure will be scored
lower. Similarly, densely populated zones or those ex-
periencing a rapid decline in groundwater levels are
considered more vulnerable. This scoring system al-
lows us to interpret what “low” to “very high” vulnera-
bility means concretely for each variable, facilitating a
transparent and replicable evaluation of water stress
exposure across different regions.

Each criterion is weighted according to its relative
importance, with groundwater representing the pre-
dominant factor (32%), followed by infrastructure
(18%), surface water and population (15% each),
drought (12%) and finally water pressure (8%).
Weighting consistency is verified through calcula-
tion of the consistency index and ratio, allowing for
value adjustments to improve result reliability by re-
ducing the consistency ratio from 25% to 8%. Finally,
integration of weighted data enables generation of a
global vulnerability index, resulting in a ranking of
provinces according to their exposure level to water
stress. This methodology thus provides an essential
decision-support tool for optimized and sustainable
water resource management.

WEAP Model [Water Evaluation and Planning)

The WEAP model will be employed to simulate water
demand at both regional and national scales, integra-
ting demographic projections, climate change sce-
narios, and socio-economic factors. This modeling
approach will evaluate the necessity for desalination

and wastewater reuse while identifying priority areas
for investment in water infrastructure.

This study utilizes the WEAP software (Water Eva-
luation and Planning), developed by the Stockholm
Environment Institute (SEI, 2008), as a key tool for
integrated water resource management. WEAP func-
tions as a comprehensive modeling platform that
incorporates various elements such as climate, hy-
drology, land use, infrastructure, and water manage-
ment priorities within a watershed-based framework
(YATES D. et al., 2005). Its operation is founded on
the principle of water balance accounting, allowing
users to represent key components of the water sys-
tem, including supply sources [rivers, aquifers, and
reservoirs), withdrawals, consumption demands, and
ecosystem needs (HERVE L. et al., 2003). Given the
growing need for adaptive water management strate-
gies, WEAP has been extensively applied worldwide
to analyze complex water systems and support deci-
sion-making in water resource planning (IRENE M.
JOHANNSEN, 2016).

The WEAP model in this study is based on a concep-
tual representation of the supply network, where each
system component (dam, desalination plant, urban
center) is modeled as interconnected nodes linked by
transmission lines (Figure 2). The analysis is conduc-
ted using a monthly water balance that integrates the
system’s main variables:

e Water resource availability, including surface and
desalinated water

e Population water needs, derived from demogra-
phic projections and adopted allocation standards

e Resource allocation optimization, simulated
using a linear optimization model to identify po-
tential deficits and evaluate the efficiency of exis-
ting infrastructure

¢ The integration of desalination plants in the mo-
del follows a phased approach based on their ac-
tual commissioning dates:

e Plants operational before 2008 are included from
the simulation start

e Plants commissioned between 2008 and 2014 are
gradually introduced to observe their contribu-
tion to regional supply improvement

e Plants commissioned after 2014 are simulated
according to their operational dates to analyze
their progressive impact on the water balance of
affected provinces

This methodology enables assessment of demand sa-
tisfaction over time and quantification of each plant’s
contribution to the water system’s resilience.
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Water Management Scenario Analysis

TWO distinct scenarios were defined to evaluate the B.Scenal'lo W|th°ut Desalinatlon PlantS [2008'2050]
impact of desalination plants on regional water ba-

lance: e Simulates water management excluding the
contribution of desalination plants
A.Reference Scenario (2008-2050) e Enables evaluation of drinking water deficit levels
in the absence of these facilities and quantifies
e Incorporates all hydraulic infrastructure, inclu- the_dependence of affected provinces on desali-
ding desalination plants introduced progressively nation.

according to their actual commissioning

e Allows analysis of system evolution considering
the cumulative effect of infrastructure develop-
ment on water demand satisfaction
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#uRun of River Hydro
“ Flow Requirement
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Figure.2 WEAP Model Schematic for Water Resource Management in Algeria



The approach adopted under WEAP makes it pos-
sible to assess the evolution of water needs and the
effectiveness of the infrastructures put in place. The
comparative analysis of the two scenarios provides
concrete elements on the role of desalination in mee-
ting demand and on potential deficits in the absence
of these plants. This approach thus provides a deci-
sion-making framework for optimizing long-term wa-
ter resource management strategies.

Statistical Analysis

We used R 4.3.3 to perform our statistical analyses
(R Development Core Team, 2024). To identify simi-
larities in water demand trends across provinces, a
hierarchical clustering analysis was conducted using
the «cluster» package in r. The Euclidean distance
metric was used to compute the pairwise dissimila-
rity between provinces based on their water demand
trends over time. We applied a hierarchical clustering
approach (HCA) using the Ward.D2 linkage method.
This method minimizes the variance within clusters.

Data Collection and Structuring

The first stage of the study is based on the develop-
ment of a detailed cartographic database, integrating
several essential components. The demand sites cor-
respond to the studied provinces, while the hydraulic
infrastructures include desalination plants and dams
ensuring their water supply. The demographic data
comes from the 2008 census, taken as the reference
year, and population growth is projected until 2050
based on specific growth rates for each province, in-
terpolated from historical trends. For all simulations,
a water allocation of 150 L/day/person was adopted.
The data required for modeling were collected from
official sources, including reports from the Ministry of
Water Resources, the National Agency for Dams and
Transfers (ANBT), as well as surveys and other avai-
lable information databases.

RESULTS AND DISCUSSION

Water Stress Vulnerability Mapping

The application of the K-Means algorithm allowed
for the segmentation of alternatives into homoge-
neous groups. The examination of cluster centroids
highlights the existence of distinct groups characte-
rized by differentiated performances. Some clusters
group together alternatives showing high scores
across several criteria, while others display weaker
and more heterogeneous performances. This distri-
bution suggests the presence of vulnerability zones
requiring particular attention (Oran).

The AHP method enabled the ranking of alterna-
tives according to their relative importance based
on the defined criteria. The results show that the
highest-ranked alternatives present high weighted
scores, indicating strong alignment with priority cri-
teria (Table 1).

A deeper analysis reveals that some alternatives,
despite having good overall rankings, show signifi-
cant disparities between criteria, suggesting varia-
tions in their multidimensional performance. This ob-
servation underscores the need to examine trade-offs
between criteriain the final decision-making process.
The cross-analysis of AHP and K-Means results with
the water scarcity vulnerability map reveals seve-
ral critical zones requiring priority attention. Figure
3 highlights provinces classified as having «very
high» or «high» vulnerability, such as Oran and cer-
tain areas in Eastern Algeria (Souk-Ahras, Guelma).
These regions also appear in the disadvantaged clus-
ters identified by K-Means, confirming their vulnera-
bility according to the analysis criteria.

Regions such as Oran show extreme vulnerability to
water scarcity, which can be exacerbated by high wa-
ter demand and limited resources. Areas like M'Sila
and Djelfa, although having slightly lower vulnera-
bility, also require careful management of water re-
sources.

On the other hand, the province of El Tarf presents
a more favorable situation. This can be attributed to
better availability of water resources or more effec-
tive infrastructure management.
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Water rability
Class
ORAN 3 3 5 4 2 2 4 4 4.6 Very High (5)
ALGIERS 2 2 5 4 2 2 4 4 4.5 High (4)
ioRRRDEJRIIngl 1 1 2 4 4 4 4 A 4.1 High (4)
SETIF 0 0 4 4 3 3 4 3 4.0 High (4)
BLIDA 2 2 3 3 2 2 4 4 3.9 High (4]
ANNABA Lo 4 2 3 3 3 4 4 3.7 High (4]
SKIKDA L 4 3 3 3 3 4 3 3.7 High (4]
CHLEF 3 3 3 3 3 3 4 3 3.6 High (4]
BOUMERDES 2 2 2 3 3 3 4 3 3.4 Moderate (3)
TIPAZA 2 2 2 3 2 2 4 3 3.3 Moderate (3)
CONSTANTINE 0 0 3 3 3 3 4 3 3.3 Moderate (3)
T I I 4 3 3 3 3 3.2 Moderate (3)
MEDEA 2 2 3 3 3 3 3 3 3.2 Moderate (3)
SOUK-AHRAS 0 O 2 3 4 4 3 3 3.2 Moderate (3)
MASCARA 3 3 2 3 3 3 3 3 3.1 Moderate (3)
TIARET 1 1 3 3 3 3 3 3 3.1 Moderate (3)
RELIZANE 3 3 2 3 3 3 3 3 3.1 Moderate (3)
BOUIRA 2 2 2 3 3 3 3 3 3.0 Moderate (3)
MOSTAGANEM 3 3 2 3 3 3 3 3 3.0 Moderate (3)
TLEMCEN 1 1 3 3 3 3 3 3 3.0 Moderate (3)
GUELMA 0 0 2 3 3 3 3 3 2.9 Moderate (3)
TiZI OUZOU 2 4 3 2 3 3 3 3 2.9 Moderate (3)
SII\I;IBBEESL 1 1 2 3 3 3 3 2.8 Moderate (3]
MILA 0 0 2 3 2 2 3 2 2.7 Moderate (3)
BEJAIA 2 0 2 2 3 3 3 3 2.5 Low (2)
TISSEMSILT 2 2 1 3 3 3 3 3 2.5 Low (2)
SAIDA 1 1 1 3 3 3 3 3 2.4 Low (2)
JIJEL L 4 2 2 2 2 3 2 2.3 Low (2)
EL-TARF VAA 1 2 2 2 3 4 2.0 Very Low (1)

Water Vulnerability Index by Province According to Stress Factors



Figure.3 Water vulnerability map of northern Algeria’s provinces

The identification of vulnerable zones constitutes a
major contribution of this study, as it enables directing
efforts toward targeted improvement strategies. The
results suggest that specific corrective actions, such
as optimizing the most influential criteria in at-risk
clusters, can improve the resilience of the concerned
alternatives.

Water Demand (2008-2050)

Figure 4 shows the projected evolution of water de-
mand in several Algerian provinces over the period
2008-2050, according to a reference scenario. The
analysis of the curves reveals a generalized increase
in water demand across all regions, although the in-
tensity of this growth varies considerably between
provinces.

The analysis of water demand in Algeria, projected
until 2050, highlights a generalized increase in needs,
particularly marked in large urban areas. The results
show a significant increase in Oran (+208.6%, rea-
ching 260.1 Mm? in 2050), Algiers (+41.2%, reaching
182.4 Mm3) and Sétif (+172.3%, reaching 153.7 Mm3),
reflecting growing pressure on water resources. This
trend is confirmed by the water vulnerability map-
ping, carried out using the AHP method, which identi-
fies Oran as the most exposed province (vulnerability
index > 0.85), followed by Sétif and Chlef, where the
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combination of climatic factors (precipitation < 300
mm/year), demographic factors (annual population
growth > 2.1%) and infrastructure factors (access rate
to hydraulic infrastructure < 65%) exacerbates water
stress.

Furthermore, water demand in the High Plateaus and
southeastern provinces, although lower in absolute
value, shows a worrying growth (+146.8% compared
to 2020), highlighting increasing needs for water
transfer infrastructure. In contrast, some provinces
such as Jijel and Béjaia, although experiencing an in-
crease in demand (+79.5% and +68.4% respectively),
benefit from lower water vulnerability due to better
availability of natural resources and more efficient
storage infrastructure.

These findings underscore the need for an overhaul of
water management policies in Algeria, with targeted
investments: development of desalination [target: 2
billion m3/year by 2035), intensification of wastewater
recycling (estimated potential of 40% of unmet de-
mand) and strengthening of inter-basin transfer in-
frastructure to mitigate regional imbalances. Without
appropriate measures, projections indicate that some
provinces could face critical deficits, exceeding 148.9
Mm3in Sétif and 136.6 Mm3in Constantine after 2040,
thereby compromising the country’s water security.
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Figure.4 Water demand by year and forovince: a) Water demand trends, b) Total demand of

water over year, c/ Distribution of wa

er demand showing the contribution of each province

to total water demand, d] Heatmap showing the highest and lowest water demand by year

and province.

Comparison Between Water Demand and Wa-
ter Scarcity Vulnerability

The comparison between water demand and water
scarcity vulnerability in Algeria reveals significant
correlations between high water demand areas and
those with pronounced vulnerability. Between 2008
and 2050, certain provinces like Oran show strong
demand growth projected to exceed 260 Mm3, while
being classified as having «very high» vulnerability
due to population density, increasing industrializa-
tion, and limited natural water resources. Other re-
gions such as Setif and other High Plateau provinces
also experience high demand and «high» vulnera-
bility, characterized by arid climate and inadequate
hydraulic infrastructure. However, some provinces
like Algiers show high water demand but moderate
vulnerability due to advanced infrastructure including
desalination, while Constantine and Annaba benefit
from relatively more humid climate and better-struc-
tured water networks, reducing their vulnerability.
This analysis highlights the importance of investing in
water infrastructure, particularly in high-vulnerability
regions, to address future water supply challenges in
Algeria.

Analysis and Discussion of Unmet Water De-
mand in Algeria (2010-2050)

The prospective analysis of unmet water demand
(UWD) in Algeria reveals significant disparities
between coastal and inland provinces, emphasi-
zing structural water management challenges amid
growing demographic pressure and climate variabi-
lity. Projections show coastal provinces will signifi-
cantly reduce UWD through desalination, with Algiers
decreasing from 29.7 Mm?3 in 2024 to full coverage by
2026 (Figure 5). Oran shows initial improvement but
faces renewed deficits post-2040 (+71.2 Mm3), indi-
cating infrastructure saturation. In contrast, inland
provinces like Constantine and Sétif show exponen-
tial UWD growth, projected to reach +136.6 Mm?3 and
+148.9 Mm3 by 2050 respectively (R2 > 0.95), confir-
ming structural water stress. Limited return flows
(Constantine: 49.6 Mm3/year; Sétif: 24.8 Mm3/year)
and lack of alternatives to desalination exacerbate
this trend.

While desalination proves energy efficient for coastal
cities, its long-term sustainability beyond 2040 re-
mains uncertain due to rising costs. Persistent coas-
tal-inland disparities validate environmental justice
concerns regarding equitable water access. Strategic
recommendations include: planned desalination ex-
pansion (e.g., new Oran plant by 2035), hybrid solu-
tions for deficit regions (wastewater recycling could
cover 40% of UWDJ, and a national UWD observatory
with real-time hydrological simulations.
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The dendrogram from the hierarchical clustering
(Fig. 6) classifies provinces into four distinct clus-
ters based on their water demand patterns. Pro-
vinces within the same cluster exhibit similar water
consumption behaviors, reflecting shared economic,
climatic, or demographic characteristics (e.g., Oran
and Sétif). This classification supports the develop-
ment of tailored regional water policies by grouping
provinces with comparable needs and challenges. In
terms of prioritization, the cluster that includes pro-
vinces such as Algiers, Oran, and Sétif is likely the
most sensitive to variations in water demand. These
provinces are characterized by high population densi-
ties and significant urbanization, resulting in elevated

2035 0s0 04 pue

and fluctuating water needs. As such, they require
quicker and more adaptive management responses
to maintain the balance between supply and demand
and to mitigate potential shortages. The hierarchical
clustering analysis highlights a clear differentiation
of provinces based on their water demand profiles.
Coastal and metropolitan areas tend to form distinct
clusters, separate from more inland or rural regions.
This suggests that urban pressure, infrastructure de-
velopment, and demographic trends are key drivers of
water demand behavior, providing a strong basis for
targeted and efficient policy interventions.

Clustering of provinces by water demand / (HCA) based on Ward.D2 method

Height

20

Figure.6 hierarchical clustering analysis showing the pairwise dissimilarity between pro-
vinces based on their water demand trends over time.
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Comparative Analysis of Unmet Water Demand
With and Without Desalination (2010-2050)

The evolution of unmet water demand in major Alge-
rian provinces highlights a significant worsening of
water deficit by 2050 in the absence of seawater desa-
lination. Projection analysis reveals increasing pres-
sure on conventional resources, particularly in large
urban areas and regions with high population density.
Coastal provinces like Algiers and Oran, already un-
der significant water stress, show alarming increases
in their unmet demand. Algiers sees its deficit nearly
double, reaching over 260 Mm?3 by 2050 compared to
140 Mm?3 in a scenario including desalination, while
Oran increases from 110 Mm?3 to 190 Mm3. This trend
illustrates these metropolitan areas’ growing depen-
dence on alternative water resources to meet rising
domestic and industrial needs (Figure 7).

The impact is also notable in inland provinces and
the High Plateaus, where water resources mainly de-
pend on dams and groundwater. In these regions, the
absence of desalination increases pressure on local
resources, exacerbating existing deficits. Blida and
Constantine experience strong growth in their unmet

Unmet Demand

demand, exceeding 120 Mm3 and 100 Mm?3 respec-
tively by 2050. Similarly, in the High Plateaus, projec-
tions indicate marked increases, particularly in Sétif
(from 85 Mm?3 to 130 Mm?3], Bordj Bou Arréridj (from
65 Mm?3 to 105 Mm3] and M'sila (from 100 Mm3 to 140
Mma3). These dynamics underscores conventional re-
sources’ inability to meet growing demand, worsened
by climate variability and population growth.

The comparative analysis of both scenarios highlights
the strategic importance of desalination as a resi-
lience and an adaptation lever against water stress.
The absence of this technology leads to an average
50 to 100% increase in water deficit depending on the
province, with particularly critical impact in large ur-
ban areas where unmet demand can nearly double.
Simultaneously, increased pressure on conventional
resources heightens vulnerability in inland regions,
compromising their ability to meet future needs.
These results confirm that desalination development,
combined with optimized management of water
networks and existing resources, constitutes a funda-
mental approach to ensuring the country’s long-term
water security.

Scenario: Scenario Without a desalination, All manths [12)
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Figure.7 Evolution of unmet water demand by province according to the scenario without

desalination [2008-2050).



Million Cubic

Analysis and Interpretation of Wastewater Re-
turn Flows (2010-2050)

The evolution of wastewater return flows in Algeria
between 2010 and 2050 (Figure 8) reveals contrasted
spatio-temporal dynamics, highlighting both an ove-
rall increase in treated wastewater volumes (+76.9%,
from 662.6 Mm3in 2010 to 1,172.5 Mm3 in 2050) and
significant regional disparities. The analysis shows
that 63.2% of flows are concentrated in three pro-
vinces (Algiers, Oran, Tlemcen)], where annual growth
rates range between 1.3% (Algiers) and 3.8% (Oran),
reflecting differentiated development of sanitation in-
frastructure.

Examination of time series shows a significant acce-
leration in water investments between 2020 and 2030,
a period during which flows increased by 38.7%, com-
pared to only 12.4% between 2010 and 2020. This phe-
nomenon coincides with the commissioning of new
infrastructure, particularly in Tiaret (+15.5 Mm3/year)
and Relizane (+42.5 Mm3/year), which show respec-
tive increases of +175% and +145% between 2025 and
2035. However, spatial distribution analysis reveals
increasing concentration of flows in coastal areas (ri-
sing from 4.7 to 8.3 Mm?3/year on average), while in-
land regions remain structurally under-equipped (1.2
to 2.1 Mm3/year).

Return Link Flow
Scenario: Reference, All months (12)

These results highlight major challenges in water
resource management. The strong centralization of
flows in major urban centers reflects prioritization
of investments towards areas with high demographic
and economic pressure, but exacerbates territorial
imbalances in sanitation facilities. The period 2025-
2035 thus emerges as a strategic turning point for
treatment capacity development, requiring trade-offs
between consolidating existing infrastructure and ex-
panding into chronically deficient areas.

Operationally, these findings argue for a dual ap-
proach. It is imperative to increase capacity in major
urban centers to absorb continuously growing wa-
ter demand, while integrating treated water reuse
strategies into agricultural and industrial cycles.
Simultaneously, strengthening water infrastructure
in inland regions should be prioritized to reduce ter-
ritorial inequalities and improve overall sanitation
network resilience. Enhancing monitoring and data
collection systems appears crucial to refine projec-
tions and better anticipate flow interruptions. By inte-
grating these elements into coherent national water
planning, it would be possible to optimize wastewater
management and ensure more balanced resource re-
distribution by 2050.

170 Return Flow from Ain Temouchent to STEP Ain temouchent
[ [ [ L — Return Flow from Alger to STEP Alger
160 ! ! ! o ! = Return Flow from Annaba to STEP Annaba
150 e / Return Flow from Be_jaia to STEP B.ejaia
P Return Flow from Blida to STEP Blida
140 1 } - ' ! == Return Flow from Bordj bouariridj to STEP Bordj
e = Return Flow from Bouira to STEP Bouira
130 e ~ Return Flow from Boumerdes to STEP Boumerdes
120 ! ot == Return Flow from Chlef to STEP Chlef
1 Return Flow from Constantine to STEP Constantine
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100 | " === Return Flow from Jijel to STEP Jijel
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Figure.8 Evolution of return flows to treatment plants by province according to the refe-
rence scenario (2010-2050).
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Cross-analysis of treated wastewater return flows
and unmet water demand (UWD) in Algeria reveals
strategic opportunities for more effective water re-
source management by 2050 projections. According
to forecasts, water deficit could reach 368.7 Mm3/year
in several provinces, while available treated wastewa-
ter volumes could exceed 450 Mm3/year, representing
a key lever to reduce water supply tensions. Coastal
provinces like Algiers and Oran benefit from signifi-
cant desalination potential and treated water reuse
for non-potable uses, potentially covering over 80% of
needs. For example, Oran, with a return flow of 169.1
Mm3/year, could meet up to 42% of its 71.2 Mm3/year
UWD if its treatment and distribution infrastructure is
optimized according to I1SO 16075 standards.

Conversely, high-deficitinland provinces like Constan-
tine and Sétif show critical gaps between supply and
demand. Constantine, with 136.6 Mm3/year UWD and
limited return flow of 49.6 Mm3/year, could only co-
ver 36% of its deficit through wastewater recycling,
thus requiring inter-basin transfers from surplus
provinces. Implementing hybrid solutions combining
water transfers, intensive recycling, and demand ma-
nagement through progressive pricing and water-ef-
ficient technologies could reduce UWD by 30-40% in
these regions.

Integrating these strategies into a modeling
framework estimates that reusing 60% of return flows
could reduce national UWD by 35%, while optimizing
required investments. Indeed, such an approach
would require less budget, nearly 50% less than the
$5.6 billion needed for a strategy relying solely on
desalination. Further optimization of the water-en-
ergy nexus, by integrating treatment plants with re-
newable energy production units (biogas), could addi-
tionally improve infrastructure efficiency and reduce
operating costs.

The example of Oran province illustrates the potential
impact of these integrated strategies. Despite desa-
lination use, this province would still show a residual
deficit of 71.2 Mm3/year by 2050. However, reusing
70 Mm3/year of its treated wastewater for industrial
applications (40%), green space irrigation (30%) and
urban cleaning (30%) could save up to 58 Mm3/year of
potable water, thus reducing pressure on conventio-
nal resources.

Systematic integration of return flows into water
planning thus constitutes an essential lever to en-
sure resilience of Algeria’s water system. A regulato-
ry approach imposing a minimum 30% reuse rate in
most deficient provinces could accelerate this tran-
sition. In the long term, the adoption of artificial in-
telligence-based technologies and the development
of public-private partnerships to finance wastewater
reuse infrastructure will play a crucial role in achie-
ving Sustainable Development Goal 6 (SDG 6) on clean
water and sanitation. Artificial intelligence enables
the improvement of wastewater treatment system
performance by optimizing operations, reducing ener-
gy costs, and ensuring real-time water quality control
(Alprol et al., 2024; Luo et al., 2020; Kurniawan et
al., 2024). Furthermore, public-private partnerships
appear as essential levers for mobilizing necessary
funding, sharing risks, and accelerating the imple-
mentation of sustainable infrastructure, particularly
in rapidly growing urban areas (Paes Ferreira et al.,
2022). The joint integration of artificial intelligence
and cooperation mechanisms between public and pri-
vate sectors is fully aligned with a sustainable transi-
tion dynamic aimed at addressing challenges related
to water scarcity and sanitation within the framework
of the 2030 Agenda.

The proposed scenarios for each province take into
account the balance between unmet water demand,
available wastewater volumes (return flows), and
reuse potential. In Algiers, water demand is already
fully covered by 2050, mainly due to existing desalina-
tion infrastructure; therefore, it is optimal to simply
maintain these facilities. In Oran, a significant unmet
demand remains, but the high volume of treatable
wastewater justifies a combined strategy of desalina-
tion and reuse. Constantine faces a high unmet de-
mand and moderate return flows; the most suitable
option is to intensify recycling and consider water
transfers from other regions. In contrast, in Sétif,
the limited availability of wastewater makes reuse
insufficient, and only the implementation of struc-
tural projects (such as dams, interconnections, and
storage systems) can sustainably meet future needs.
Finally, in Annaba, the relatively low unmet demand
and considerable return flows allow the deficit to be
addressed by optimizing existing wastewater treat-
ment plants, making reuse locally effective without
requiring major new investments.



Unmet Water Demand

f

Return Flow

Province 020 FOETE Optimal Scenario
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TABLE 2

Optimal Water Management Strategies for Selected Pilot Provinces in 2050

RECOMMENDATIONS FOR IM-
PROVED WATER GOVERNANCE IN
ALGERIA

a- Strengthening Water Governance and Regulato-
ry/monitoring Frameworks

To ensure efficient and sustainable water manage-
ment, the establishment of a National Water Autho-
rity (ANE) is essential. This institution would be res-
ponsible for overseeing and coordinating integrated
water resource management at the national scale.
Additionally, adopting a real-time monitoring and ma-
nagement system leveraging Geographic Information
Systems (GIS) and Internet of Things (loT) sensors
would enable better tracking of water resources and
faster response to emerging challenges. Moreover,
promoting community engagement in decision-ma-
king through regional advisory committees would
strengthen participatory governance and ensure that
water policies reflect local needs.

b- Establishment of Specialized Agencies

To address sector-specific challenges, it is necessary
to create dedicated institutions for desalination and
wastewater reuse. The National Desalination Water
Agency (ANDE) would manage the operation and ex-
pansion of desalination plants, ensuring their align-
ment with regional demands. Similarly, the Wastewa-
ter Reuse Agency (AREU) would focus on promoting
the safe and sustainable reuse of treated wastewater
in agriculture, industry, and groundwater recharge,
thereby optimizing resource utilization.

c- Enhancing Water Resource Management Strate-
gies

Sustainable management of water resources re-
quires innovative approaches such as artificial aqui-
fer recharge using treated wastewater, which would
help maintain groundwater reserves. Additionally, the
dredging of silted dams during droughts could res-
tore their storage capacity while also repurposing
extracted sediments for eco-friendly construction
materials, soil enrichment, and medicinal plant culti-
vation. Furthermore, constructing new dams and op-
timizing hydraulic transfers between water-deficient
and water-abundant regions would improve water ac-
cessibility and reduce regional disparities.

d- Modernization of Infrastructure and Energy Effi-
ciency

Upgrading Algeria’s water infrastructure is crucial
to improving efficiency and reducing costs. Inte-
grating photovoltaic solar energy into desalination
plants could significantly lower operational expenses.
Likewise, deploying advanced irrigation technologies,
such as smart drip irrigation, moisture sensors, and
artificial intelligence, would minimize water losses in
the agricultural sector. Additionally, modernizing was-
tewater treatment plants and enhancing the reuse of
treated water would contribute to water conservation
in both agricultural and industrial applications.

e- Advancing Hydrological Knowledge and Climate
Resilience

A deeper understanding of Algeria’s hydrological
systems is necessary for informed decision-making.
Conducting comprehensive hydrological studies for
each watershed would support better local resource
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management. Furthermore, the development of
Al-driven climate and hydrological forecasting mo-
dels would help predict and mitigate the impacts of
droughts. Establishing hydrological and climate da-
tabases would also serve as a foundation for scientific
research and innovation in sustainable water mana-
gement.

f- Raising Public Awareness and Engaging Economic
Actors

Public engagement and economic participation play
a vital role in improving water governance. National
awareness campaigns should be launched to pro-
mote responsible water use and conservation prac-
tices. Additionally, stricter water management stan-
dards are needed to curb wasteful consumption in
domestic, industrial, and agricultural sectors. Encou-
raging public-private partnerships (PPP) would also
facilitate the financing and implementation of inno-
vative projects aimed at enhancing sustainable water
management.

CONCLUSION

This study highlights the urgency of regulatory reform
and an integrated approach to ensure the sustaina-
bility of Algeria’s desalination sector. Modernization
of legislative frameworks, including strict standards
for brine discharge management, energy efficien-
cy, and large-scale integration of renewable energy,
is essential to reconcile water production with envi-
ronmental protection. Simultaneously, the reuse of
treated wastewater must be systematized to reduce
pressure on conventional resources while meeting
growing unmet water demand, particularly in arid
zones and high-density urban areas.

The use of decision-support tools, such as the WEAP
model for simulating future needs and clustering
methods coupled with AHP multicriteria analysis
for identifying vulnerable zones, would optimize in-
frastructure planning and more accurately assess
water deficits. These approaches must be accompa-
nied by rigorous estimation of unmet demand to ad-
just investments and avoid structural shortages.

However, these measures will remain insufficient
without strengthened national coordination. A com-
prehensive strategy combining optimization of desa-
lination infrastructure, wastewater reuse, innovative
solutions for remote areas, and effective inter-pro-
vince cooperation proves indispensable. By relying on
accurate data and models adapted to local realities,
Algeria can enhance its water resilience and address
the climatic and demographic challenges of the
up-coming decades.



CHAPTERIV. INTEGRATED
APPROACHES AND SOCIO-ENVIRON-
MENTAL STAKES
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Chapter IV Introduction

This final chapter addresses the wide and complex topic of desalination impacts. While these
aspects have been extensively documented in previous studies analyzing desalination’s negative
impacts on Mediterranean ecosystems (notably on marine ecosystems and their exposed fauna
and flora) and societies, this chapter adopts innovative integrated approaches to provide more
nuanced and actionable insights.

The first paper applies the innovative “One Health” concept to the desalination sector enabling
a systematic review of interconnected impacts across human health, marine ecosystems, and
technology. Building on an in-depth literature analysis and expert surveys across five Mediter-
ranean case studies (Greece, Spain, Tunisia, Cyprus, and Morocco), this theoretical One Health
framework reveals the complex interdependencies that traditional sectoral approaches often
overlook.

The second article follows a more quantitative approach, exploring similar impacts through in-
clusive decision-making processes that balance desalination’s economic benefits with environ-
mental preservation and social fairness. With composite methodologies and a dedicated Social
Water Inclusive Index tailored to the desalination sector, this research highlights the diverse and
context-specific nature of desalination impacts, supporting the need for inclusive policies.

Together, these studies showcase how integrated approaches can transform impact assess-
ments from an exhaustive list of impacts into comprehensive frameworks that support the sus-
tainable and socially acceptable development of desalination in the Mediterranean region.
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MENTAL AND SOCIAL IMPACTS
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Abstract

The Mediterranean region faces acute water stress exacerbated by climate change and popula-
tion growth (Alzahid, 2024) (Novo, 2023). To meet rising demand, countries like Morocco, Tunisia,
Spain, and Greece are rapidly expanding seawater desalination capacity. Spain alone operates
765 desalination plants producing about 5 million m? per day (Novo, 2023), making it the four-
th-largest desalinating country globally. Morocco plans to exceed 1 billion m? of desalinated wa-
ter annually by 2030 to supply major coastal cities (Alzahid, 2024). These investments promise
a new, climate-resilient water source, but also spark questions about sustainability and social
acceptability. Desalination remains energy-intensive and costly, with environmental side-effects
(brine discharge, chemical use) and socio-economic implications for local communities (Alzahid,
2024).

To address these complex challenges, this study adopts a One Health framework - a holistic
paradigm linking human health, ecosystem health, and socio-economic well-being - alongside
an analysis of public perception and social acceptability. A One Health approach recognizes that
the health of people, animals (including marine life), and the environment are interdependent
(WHO). By integrating environmental science, public health, and community perspectives, we
provide an expert, data-driven evaluation of desalination in the Mediterranean. The analysis co-
vers technical, policy, and environmental aspects in an integrated manner, with case insights
from Morocco, Tunisia, Spain, Greece. Key issues include: (1) the interconnections between de-
salination technology, marine ecosystems, and human health; and (2) public concerns regarding
water quality, cost, environmental impacts, and governance. The goal is to inform policymakers
and water experts on how to advance desalination as a sustainable and socially acceptable solu-
tion in water-scarce Mediterranean contexts.



INTRODUCTION

The Mediterranean basin is widely recognized as one
of the most climate-vulnerable regions globally, with
acute exposure to temperature rise, declining preci-
pitation, and increasing frequency of droughts (IPCC,
2022) (Plan Bleu, 2020). These stressors, compoun-
ded by rapid urbanization, demographic growth, and
agricultural intensification, are straining conventio-
nal freshwater sources such asrivers, reservoirs, and
aquifers (UNEP/MAP, 2022). To address growing wa-
ter deficits, several countries — including Morocco,
Tunisia, Spain, and Greece — have turned to seawater
desalination as a strategic, non-conventional water
source (FAO AQUASTAT, 2023) (IEA, 2023). Spain, for
instance, now operates over 700 desalination units,
while Morocco has committed to supplying over 1 bil-
lion m?3 of desalinated water annually by 2030 (ONEE,
2022).

While desalination offers reliability in the face of
climatic extremes, it poses unresolved questions
regarding long-term sustainability. Reverse osmo-
sis technologies are energy-intensive, contribute to
marine salinity alteration and biodiversity risks via
brine discharge, and may introduce socio-economic
tensions through tariff increases or privatization of
services (Voutchkov, 2018) (Sola, 2024) (UNEP/MAP,
2022). Furthermore, health-related challenges have
emerged, including the potential for mineral-defi-
cient water if not properly re-mineralized (Barbier,
2021). Social resistance has also surfaced where
communities perceive environmental risks or lack
trust in institutional governance (Fielding, 2014) (Plan
Bleu, 2022).

This paper adopts a One Health framework — a sys-
tems-based approach that examines the interde-
pendence between human health, ecosystem inte-
grity, and socio-technical systems (McEwen, 2017)
(Machalaba, 2015). Originally developed for zoonotic
disease management, One Health has increasingly
been adapted to environmental health, infrastruc-
ture, and climate resilience contexts (WHO-OIE-FAO,
2022]. Rather than treating environmental and social
factors in isolation, One Health emphasizes their in-
terlinkages, ensuring that solutions optimize co-be-
nefits across all domains.
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Figure.1 One health conceptual diagram (USGS Ecosystems Mission Area , 2023)

In the Mediterranean desalination sector, this means
mitigating ecological harm to protect marine and
human health, safeguarding water quality for consu-
mers, and considering socio-economic equity and go-
vernance in project implementation.

In parallel, this study incorporates public perception
and social acceptability as decisive, often overlooked,
dimensions in the success or failure of desalination
policies.

By bridging environmental science, health policy, and
social analysis, this study aims to critically assess
Mediterranean desalination through an interdisci-
plinary lens. Using both thematic analysis and case-
based insights from key regional countries, it seeks to
make more resilient, health-protective, and publicly
accepted desalination strategies.
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METHODOLOGY

This study adopts an interdisciplinary, qualitative
approach to assess the sustainability of seawater
desalination in the Mediterranean through the lens
of the One Health framework and public perception
analysis. One Health, traditionally rooted in zoonotic
disease control, is increasingly applied to complex
environmental and infrastructure systems where hu-
man, ecological, and technological domains interact.
It emphasizes the need to assess co-benefits, trade-
offs, and feedback loops between ecosystem inte-
grity, human well-being, and socio-technical systems
(McEwen, 2017) (WHO-OIE-FAO, 2022). Applied to de-
salination, this approach enables a systemic unders-
tanding of environmental risks (e.g., brine discharge
and biodiversity loss), public health considerations
(e.g., water quality and nutritional adequacy), and go-
vernance challenges [e.g., affordability, transparency,
and equity).

Desalination plants inherently bridge the human
and natural world, drawing in seawater and retur-
ning concentrated brine and chemical by-products
to the sea. This creates direct links between water
infrastructure and marine ecosystem health. For
example, large volumes of seawater intake can en-
train and impinge marine organisms, while effluent
discharge alters coastal water chemistry (Jones,
Qadir, van Vliet, Smakhtin, & Kang, 2019]). Any resul-
ting loss in marine biodiversity (such as a decline in
fisheries or coastal habitats) eventually feeds back
to human communities, affecting food resources,
economic livelihoods, and public health. Conversely,
the performance and safety of desalination systems
are influenced by environmental conditions — algal
blooms or source water pollution can disrupt ope-
rations and treatment protocols, linking ecological
dynamics to engineering outcomes. The One Health
lens thus treats desalination, marine ecosystems,
and human well-being as a continuum, where dis-
ruptions in one domain cascade into others (Destou-
mieux-Garzén, 2018).

The marine parameters data presented in this study
are based on the Mediterranean Sea Physics Reana-
lysis dataset provided by Copernicus Marine Service-
based (CMEMS, 2025) and the climate data is based
on the IPCC climate modeling tool, CMIP6 models,
specifically using the SSP5-8.5 scenario (IPCC, 2022),
which represents a high-emissions pathway.

This interconnected reality calls for integrated,
cross-sectoral monitoring and management. Desali-
nation operators must collaborate with marine bio-
logists to monitor ecosystem stress [e.g., changes in
indicator species), which may also signal long-term
risks to fisheries or recreation. Similarly, public
health authorities should coordinate with engineers
to ensure health requirements (e.g., mineral content)
are embedded into plant design and post-treatment

decisions. One Health integration thus requires brea-
king silos between technical, ecological, and public
health disciplines — a shift increasingly recognized
as essential for managing complex sustainability
challenges (Machalaba, 2015).

In parallel, this study integrates an analysis of public
perception and social acceptability, recognizing them
as decisive factors in the success or failure of desa-
lination projects. Technically sound and environmen-
tally responsible plants can still falter if public trust
or willingness to pay is low. Perceptions of water
quality, cost, environmental impact, and institutional
transparency heavily influence social uptake. In the
Mediterranean, local resistance has emerged in some
regions, while in others desalination has been widely
accepted — often depending on how governance,
communication, and distribution are managed. Un-
derstanding and addressing these perceptions is thus
critical to securing a broad social license for desali-
nation technologies.

In addition to the literature review and case study syn-
thesis, a survey was administered from April to July
2025 using Google Forms and distributed via social
networks and thematic groups in Arabic, French, and
Spanish. A total of 60 responses were collected, 15
per country, using convenience and snowball sam-
pling. While the sample is not statistically represen-
tative, it provides useful indicative insights into pre-
vailing public perceptions across diverse settings.

The questionnaire was structured around 14
closed-ended questions designed to probe three
main dimensions:

¢ Perceived necessity of desalination (e.g., expe-
rience of drought, support for desalination, prio-
ritization of alternatives),

¢ Public health and environmental concerns (e.g.,
worries about safety, quality, and ecological im-
pacts),

¢ Governance and trust factors (e.g., willingness to
pay, confidence in regulatory bodies, perception
of transparency).

Key findings are presented in Section 4.3.4.

To ground this integrated framework, the paper
draws on selected case studies from Morocco, Tu-
nisia, Spain, and Greece, countries that illustrate
contrasting models of governance, energy sourcing,
subsidy mechanisms, and community engagement.
These cases were purposively selected to highlight
contextual differences and shared lessons in applying
One Health principles and managing social accepta-
bility. Together, they offer grounded insights into the
multidimensional realities of desalination under cli-
mate stress.



RESULTS AND DISCUSSION

Environmental dimensions

Alteration of Marine Parameters and Increa-
sing Ecosystem Vulnerability

The Mediterranean Sea presents distinct spatial va-
riability in key marine parameters that directly in-
fluence the environmental footprint of desalination
activities. Based on current satellite and model data:
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Salinity levels in the Mediterranean Sea are
naturally higher than global ocean averages
(~35 ppt), ranging from ~37 ppt in the western
basin to over 39 ppt in the eastern regions .
While brine discharge from desalination has Li-
mited influence at the basin scale, its local im-
pact may be significant, especially in areas with
already elevated salinity and low water renewal,
such as semi-enclosed bays. These localized
increases can pose ecological risks to sensi-
tive benthic habitats, reinforcing the need for
site-specific assessments and dilution modeling.

Figure.2 Seawater salinity variation map (CMEMS, 2025)

e Sea surface temperatures (SST) in the Mediter-
ranean range from ~14°C in the northwest (e.g.,
Ligurian and Adriatic Seas) to above 20°C in the
Gulf of Gabes and Levantine Basin. CMIPé pro-
jections under the SSP5-8.5 scenario forecast a
0.5-1°C rise by 2040, especially along the Nor-
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Figure.3 Seawater temperature variation map (CMEMS, 2025)

th African coast. While these increases are ba-
sin-wide, their interaction with brine discharges
is most relevant at local scale, where stratifica-
tion and reduced vertical mixing can exacerbate
the persistence of hypersaline plumes and affect
benthic habitats.
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Surface pH in the Mediterranean according to
CMIPé projections under the SSP5-8.5 scena-
rio (2021-2040), is expected to decline gradual-
ly, particularly in nearshore zones and shallow
continental shelves where upwelling processes
occur. These areas, which often overlap with de-
salination outfall locations, are more sensitive
to acidification due to limited mixing and biolo-
gical activity. While deeper offshore waters re-
main more stable, the near-term acidification
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of surface layers may incrementally increase
vulnerability of benthic organisms and calcifying
species. It is important to note that this repre-
sents a long-term environmental trend, and that
brine discharge from desalination could act as
a local compounding factor in areas already ex-
periencing pH decline. This reinforces the need
for site-specific monitoring and adaptive ma-
nagement, in line with a One Health approach.

gigure.é pH level chang}a in the near term (2021-2040) according to CMIP6 models, SSP5-

scenario (IPCC, 202.
e Current velocity maps show strong eastward and

northward currents near the Strait of Gibraltar
and lonian Sea, allowing for greater dilution of
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Figure.5 Seawater current velocity variation map (CMEMS, 2025)

brine plumes. In contrast, circulation is much
weaker in the central southern basin (e.g., Gulf of
Sidral, where brine can stagnate and accumulate



These baseline shifts, while not caused by desalina-
tion, profoundly affect how ecosystems respond to the
additional pressure of brine discharge and thermal or
chemical effluents from desalination plants.

Brine discharge, by design, is highly localized and
tends to impact salinity, oxygen levels, and tempe-
rature in the immediate vicinity of outfalls. In stable
or high-energy environments, natural mixing can mi-
tigate these effects. However, under future climate
conditions — with warmer, more stratified waters,
slower circulation, and reduced wind-driven mixing —
the natural resilience mechanisms of these systems
are weakened. For example, increased stratification
due to warming reduces vertical mixing, making it
harder for coastal ecosystems to recover from oxygen
depletion or salinity spikes caused by brine. This im-
plies that a brine discharge that may have had negli-
gible impact under past conditions could become eco-
logically disruptive under future baselines. The risk
is particularly acute in enclosed, shallow, or low-en-
ergy coastal zones where high SST, weak winds, and
limited circulation converge.

Likewise, ocean acidification, while not a direct re-
sult of desalination, compounds the vulnerability of
calcifying organisms (such as shellfish, corals, and
benthic invertebrates) to chemical changes in their
habitat. When these organisms are also exposed to
hypersaline plumes or temperature anomalies from
desalination plants, their physiological tolerance
thresholds may be exceeded.

Therefore, environmental impact assessments for
desalination should move away from static base-
line assumptions and incorporate forward-looking
oceanographic modeling. Site selection, diffuser de-
sign, and discharge volume thresholds must all be
re-evaluated under climate-stressed scenarios. In
short, desalination is no longer acting on a stable sea
— it's discharging into a shifting system, and that shift
must be central to planning and regulation.

Biodiversity and Ecosystem Impacts

Marine ecosystems bear the brunt of desalination’s
environmental footprint. The by-product brine - wa-
ter with roughly twice the salinity of seawater plus
treatment chemicals - is typically discharged back
into the ocean. Research shows that this high-salinity,
chemical-laden effluent has negative effects on the
surrounding marine environment and its biodiversity
(M, H, SA, & Saadaoui, 2022).

The rejection of brine from desalination plants into an
already changing marine environment exacerbates
stress on marine life and coastal biodiversity. Rising
sea surface temperatures can amplify the thermal

stress on marine species, while increased acidifica-
tion weakens the resilience of calcifying organisms
such as corals and shellfish. Changes in sea currents
and wind patterns influence nutrient distribution
and larval dispersion, potentially disrupting ecosys-
tems and fisheries. Brine discharge, characterized by
high salinity and potential chemical residues, further
compounds these pressures by altering local water
chemistry, reducing oxygen levels, and affecting the
survival of sensitive marine species. These com-
bined factors create a complex web of environmental
stressors that must be carefully considered in impact
assessments and mitigation strategies to safeguard
marine ecosystems.

Field studies in the Mediterranean have documented
biodiversity impacts near desalination outfalls. Spe-
cies composition shifted, and certain sensitive spe-
cies virtually disappeared in high-salinity zones, indi-
cating the brine was affecting the base of the marine
food web (Kenigsberg C, 2020). Such changes raise
concern for broader coastal biodiversity, as benthic
organismes are critical for nutrient cycling and as food
for larger animals.

In addition to brine, water intake systems can im-
pact coastal fauna. Open-ocean intakes may entrain
countless small organisms (eggs, larvae, plankton)
and impinge larger fish and invertebrates on intake
screens, causing injury or death (UNEP, Mediter-
ranean Plan , 2003). Even with screening (often ~5
mm mesh), entrainment of plankton is inevitable and
can measurably reduce local populations, lowering
recruitment and overall productivity of the ecosystem
(UNEP, Mediterranean Plan, 2003). Over years, conti-
nuous plankton losses could affect the food chain,
including species important to fisheries. Taken to-
gether, these ecological disturbances - if unmitigated
- undermine the health of marine ecosystems that
coastal communities rely on for food and economic
activity. They also contravene the Barcelona Conven-
tion’s protocols, particularly the LBS Protocol, which
regulates pollution from land-based sources such as
brine discharge (Annex ), and the SPA/BD Protocol,
which mandates the protection of sensitive marine
biodiversity and habitats (UNEP/MAP, 2002).

Human Health Considerations

While desalinated water is microbiologically safe and
devoid of most pollutants, its purity presents unique
human health considerations. Reverse osmosis (RO)
- the dominant technology in new plants - strips out
nearly all minerals. Desalinated water thus lacks cal-
cium, magnesium, and other minerals essential to
human nutrition. If distributed without remineraliza-
tion, such water can contribute to dietary deficiencies
over the long term. In Qatar, a study assessed the
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mineral content of desalinated bottled water and its
potential health implications. The findings revealed
that this water type had significantly lower levels
of calcium, magnesium, and fluoride compared to
non-desalinated bottled water. Consequently, indivi-
duals relying primarily on desalinated bottled water
may face an increased risk of nutrient deficiencies,
as its consumption does not substantially contribute
to the recommended daily intakes of these essential
minerals for both adults and children. To address
this concern, the study recommended implemen-
ting cost-effective remineralization techniques to
enhance the nutrient content of desalinated water,
thereby safeguarding public health (Rowell, Kuiper, &
Shomar, 2015). Indeed, remineralization (typically ad-
ding calcium carbonate or magnesium compounds) is
now considered the best practice for potable desali-
nated water to protect public health.

Beyond minerals, there are perceptual and potential
health issues related to desalinated water quality.

Many consumers report that RO-treated water has a
flat taste due to its lack of minerals, which can af-
fect public acceptance of drinking it. In Malta, which
has relied on seawater RO for decades, residents
historically found the tap water “pretty undrinkable”
until blending and remineralization practices impro-
ved its palatability (Keep Talking Greece, 2024). Taste
concerns, while not a direct health threat, can drive
people to seek alternative water sources (like bottled
water), incurring other economic and environmental
costs. Another health consideration is the stability
of desalinated water in distribution networks: ul-
tra-pure water can be corrosive to pipes, potentially
leaching metals unless treated for stability, though
this is manageable with pH adjustment and corrosion
inhibitors.

Several countries have already implemented mitiga-
tion and water quality control practices to ensure that
desalinated water is both safe and socially acceptable
(see Table 1 below)

Measure / Practice One Health Relevance

Remineralization (e.g. calcium,
magnesium dosing)

Continuous monitoring of trace
contaminants

Adaptation to WHO water quality
guidelines

Corrosion control (e.g. pH adjust-

ment)
TABLE 1

Improve water hardness, taste, and
nutritional value

Ensure substances like boron and
bromate remain below limits

Align treatment targets with inter-
national health standards

Prevent leaching of metals from
pipes

Prevents mineral deficiencies; im-
proves user acceptance

Prevents chronic health risks; en-
sures regulatory compliance

Protects population health and
builds public trust

Ensures safe distribution and in-
frastructure integrity

Measures to Ensure Health-Safe and Acceptable Desalinated Water in the Mediterranean

Socio-Economic and Governance Aspects

One Health also encompasses the socio-economic
context and governance of desalination projects, re-
cognizing that human health and environmental out-
comes depend on social systems. Desalination in the
Mediterranean often involves complex public-private
partnerships, significant capital investment, and new
institutional arrangements to manage an unconven-
tional water source. Socio-economic factors - such
as cost allocation, public trust, and equitable access
- can determine whether a project ultimately impro-
ves community health and resilience or exacerbates
tensions.

A key consideration is the cost of desalinated water
and who bears it. Desalination produces high-quality
water but at a unit cost typically several times that
of conventional sources [surface or groundwater).
For instance, in Tunisia the current cost to produce
1 m3 of desalinated water is about 3 Tunisian dinars

(~$1), roughly three times the cost of reservoir wa-
ter (Chibani, 2024). If this full cost were passed on
to consumers, water bills would surge. Historically,
many governments subsidize desalinated water to
keep it affordable - Tunisia’s national water company
had long sold water to consumers at only a fraction
of production cost, covering the rest via state subsi-
dies (Chibani, 2024). However, these subsidies strain
public budgets. Tunisia recently had to raise drinking
water tariffs by up to 16% in 2024 after years of
drought, as the utility could no longer absorb growing
deficits (Chibani, 2024). In Morocco, officials estimate
desalinated water costs $0.50-$1.00 per m3, much
higher than traditional sources, raising concerns that
poor households may be unable to pay and inequi-
ties in access could widen (Alzahid, 2024). Thus, the
socio-economic sustainability of desalination hinges
on financial models that balance cost recovery with
equity - a One Health approach would emphasize that
water affordability is directly tied to community health
and economic stability.



Governance and public engagement are equally
crucial. Because desalination projects often involve
foreign companies or private operators (through
Build-Operate-Transfer contracts, etc.), questions of
transparency and control arise. In Morocco, the drive
to privatize drinking water supply via desalination has
met resistance. While some welcome desalination as
a timely solution, public acceptance remains mixed
due to fears of high costs, environmental harm, and
corruption in awarding contracts (Alzahid, 2024).
There have been criticisms that international com-
panies might “manipulate quality and environmental
standards” or use undue influence on secure lucra-
tive deals (Alzahid, 2024). Such perceptions under-
score a trust deficit that can undermine desalination
initiatives if not addressed through good governance.
A One Health-informed strategy would call for inclu-
sive decision-making - involving local communities,
ensuring transparency in pricing and operations, and
upholding strong regulatory standards - to build trust.

The concept of social acceptability in water projects
hinges on fairness and trust: communities need to
feel that a desalination plant benefits society broadly
(not just investors), that its environmental impacts
are controlled, and that authorities will safequard pu-
blic interest in the long run. Governance measures to
support this include clear communication about wa-
ter quality (to alleviate health concerns), participatory
planning processes, and monitoring committees that
include community and environmental representa-
tives. In essence, applying One Health in governance
means treating community well-being as part of the
project’s success criteria, alongside technical and
environmental metrics. When socio-economic equity
and ecosystem health are explicitly valued, desalina-
tion can be pursued in a way that reinforces public
health and social cohesion, rather than sparking
conflict. This integration of social science with tech-
nical planning is critical for desalination’s long-term
viability in the Mediterranean.

Public Perception and Social Acceptability

Concerns About Desalinated Water Quality and
Health

One of the first questions consumers ask is, “Is desa-
linated water good to drink?” Quality concerns range
from taste and aesthetic preferences to deeper wor-
ries about health effects. Because desalinated water
is often described as “too pure,” many people notice
its lack of taste, or a slight difference compared to
mineral-rich spring or well water. For example, ear-
ly experiences in Malta and Cyprus, which depended

on RO desalination, left an impression of flat-tasting
water that some locals deemed unpalatable . Proper
post-treatment (remineralization) has largely miti-
gated this issue in modern plants, but the percep-
tion can linger that desalinated water is “artificial” or
missing something. Educational campaigns can help
by explaining that minerals are added for health and
taste, and that the water meets all safety standards.
A more serious public concern is whether long-term
consumption of desalinated water could have health
consequences. As discussed in the One Health sec-
tion, the primary health consideration is the low mi-
neral content. Public awareness of the magnesium
deficiency issue has been growing, especially in coun-
tries like Cyprus where most tap water is desalinated
. Media reports have highlighted studies linking desa-
linated water to increased health risks if not re-mi-
neralized. However, it also presents an opportunity:
governments and utilities can respond by visibly
adopting measures to enhance water with essential
minerals, reassuring consumers that the water is not
only safe but optimized for health.

Another aspect is the psychological acceptance of
drinking water sourced from the sea. Unlike recy-
cled wastewater (which often faces a “yuck” factor),
seawater desalination is generally more accepted,
as the source (mostly the ocean) is natural and dis-
tant from human waste . Surveys in various regions
have found people slightly prefer desalinated water
over recycled water for drinking, provided they be-
lieve its quality is good . The key drivers of acceptance
are knowledge and positive perception of the water
quality . Therefore, water agencies in Spain, Moroc-
co, and elsewhere have undertaken public informa-
tion campaigns when introducing desalinated supply
- emphasizing that the water is high quality, meets
strict standards, and in some cases, even mixing it
with conventional water initially to gradually familia-
rize consumers. Over time, if residents consistently
experience clear, odorless, good-tasting water and
see health authorities endorsing it, concerns usual-
ly diminish. In summary, while quality and health
concerns about desalinated water do exist among the
public, they can be effectively managed through pro-
per water treatment and proactive communication.
Ensuring people understand that their water is safe,
healthy, and closely monitored is crucial for social ac-
ceptability.

Affordability and Willingness to Pay

Cost is often the most palpable issue for the public.
Desalination’s expense can translate into higher wa-
ter tariffs, which households and farmers are acu-
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tely sensitive to. Public perception in Mediterranean
countries reflects a dual reality: on one hand, people
value water security and may accept some price in-
crease to avoid severe shortages; on the other hand,
there is a limit to what is considered affordable or fair,
especially for lower-income groups. If desalinated
water is perceived as making water bills “skyrocket,”
public support can quickly turn into opposition (Alza-
hid, 2024).

Experience from Spain’s southeast agricultural re-
gions is telling. In Almeria and Murcia, desalinated
water was offered to farmers to supplement dwind-
ling aquifers. Initial acceptance was low - surveys in
Nijar (Spain) found that desalinated seawater had the
“lowest acceptance level” among farmers as a water
source, mainly due to its price (A., Belmonte-Urefa,
& & Valera, 2017). Farmers felt the water was too ex-
pensive to be economically viable for irrigation, and
they were unwilling to pay so much more compared to
traditional sources. In addition, because desalinated
water is low in minerals, farmers worried they would
need to spend more on fertilizer to replace lost nu-
trients, further raising costs (A., Belmonte-Urefa, &
& Valera, 2017). This indicates that willingness-to-pay
is closely tied to perceived downstream costs and
benefits. Only when subsidies or drought conditions
made alternatives impossible did more farmers start
using the desal water. The Spanish government reco-
gnized this barrier and in 2023 allocated substantial
funding to reduce water tariffs for farmers using de-
salination, effectively subsidizing the cost to encou-
rage uptake (Novo, 2023).

In urban contexts, household water bills are the fo-
cus. Morocco’s pursuit of large desalination plants
has prompted debates about tariff impacts. Citizens
fear that private involvement and high operational
costs will lead to sharp rate hikes for consumers,
potentially putting water out of reach for the poor
(Alzahid, 2024). These concerns are not unfounded -
in Tunisia, as noted, water prices are being incremen-
tally raised as desalination increases supply, ending
an era of heavy subsidy. In Greece’s Aegean islands,
where small desal units are often the only solution
during summer, locals have complained that the cost
of running desalination for tourist demands has
been passed on to residents. On some islands, water
tariffs reportedly doubled for locals in recent years to
cover the expense of emergency desalination units,
which bred resentment when residents felt they were
subsidizing excessive tourist water use (Keep Talking
Greece, 2024). This highlights a social acceptability
issue of who pays for desalinated water - if the cost
burden is seen as unjust (e.g. locals paying for hotels’
water), opposition grows.

Addressing affordability concerns requires policy in-
terventions. Options include government subsidies
for desalination (as practiced in Algeria and histori-
cally in Tunisia), tiered pricing structures to protect
essential household use, and improving plant energy
efficiency to drive costs down. Importantly, commu-
nicating the value proposition of desalination helps
- for example, explaining that without it, the cost of
economic losses from water shortage (or the cost of
importing water] would be even higher. In drought-
stricken Barcelona, authorities justified the high cost
of running Europe’s largest desal plant by comparing
it to the cost of water restrictions or tanker shipments
(Novo, 2023]). Many residents accepted slightly higher
bills knowing it was averting an extreme shortage.
Thus, willingness to pay can increase if people per-
ceive desalinated water as necessary and delive-
ring clear benefits to them (reliable supply, avoiding
crisis) and if measures are in place to keep it fairly
priced. Engaging with consumers about pricing and
perhaps offering lifeline tariffs or subsidies for vulne-
rable groups, can mitigate backlash. Ultimately, en-
suring desalinated water is affordable is not just an
economic issue but a social one - it affects equity and
the inclusiveness of water access, which is central to
public health and welfare.

Environmental and Energy Concerns

Environmental considerations feature prominently
in public perception, especially among communities
and stakeholders attuned to sustainability issues.
While earlier decades saw desalination framed most-
ly as a technical fix for water scarcity, today many
citizens and NGOs question its environmental foot-
print - from marine ecosystem damage to carbon
emissions. In the Mediterranean, where environmen-
tal awareness is high, these concerns influence the
social license for desalination projects.

One major public concern is the impact of brine
discharge on marine life. Coastal communities, in-
cluding fishermen, divers, and environmental groups,
often voice fears that desalination will “kill the sea” in
the vicinity of outfalls. Such fears are not abstract -
observations of saline waste harming seagrass beds
or altering local water quality have been reported
near some plants. For example, in Morocco, media
and civil society have highlighted that concentrated
brine effluent can disrupt coastal biodiversity and
ecological balance (Alzahid, 2024). Likewise, Tuni-
sian environmental activists warn that without ro-
bust impact studies, desalination could accelerate
ecological collapse in fragile coastal ecosystems
already stressed by pollution (Chibani, 2024). These
perceptions put pressure on authorities to prove that
new desalination plants will not irreversibly damage



marine environments. As a result, some projects face
stringent EIA requirements or, in a few cases, public
protests demanding relocation of outfalls to less sen-
sitive areas.

Another linked concern is the energy consumption
and carbon footprint of desalination. People increa-
singly recognize that while desalination solves wa-
ter scarcity, it can be very energy-intensive, poten-
tially clashing with climate change goals. In places
like Greece's islands, running diesel-fueled desal
generators to supply peak summer demand is seen
as paradoxical - solving one environmental problem
(water shortage) while worsening another (carbon
emissions). Desalination currently accounts for a si-
gnificant share of the water sector’s energy use (e.g.
~40% of the cost of Tunisia’s desalinated water is en-
ergy (Chibani, 2024), and if powered by fossil fuels, it
contributes to CO, emissions. Environmental groups
sometimes label desalination a “carbon-heavy” solu-
tion and urge prioritizing conservation or reuse be-
fore resorting to it. For instance, in Spain and Moroc-
co there have been calls to ensure new desalination
plants are coupled with renewable energy to reduce
their carbon footprint (Chibani, 2024). The Moroccan
government has indeed responded by planning wind
and solar farms to supply desal plants (such as a
wind-powered component for the Agadir desalination
facility) (Chibani, 2024). Showcasing these measures
can improve public perception by demonstrating a
commitment to sustainable operation.

There is also an eco-justice dimension: some critics
argue that desalination enables unsustainable water
use practices (like excessive tourism development or
water-intensive industries) under the guise of a tech-
nical fix, instead of addressing root causes of scar-
city. As noted in a Greek island case, easy availability
of desalinated water “encouraged overconsumption”
and uncontrolled development, raising concerns that
it might be enabling environmentally harmful growth
(Journalism Fund Europe, 2025). Communities want
assurances that desalination is part of a broader sus-
tainable water strategy, not a license to overuse wa-
ter.

To bolster public acceptability, project proponents now
often emphasize environmental mitigation and inte-
grated resource management. They highlight steps
like brine dilution techniques, marine monitoring
programs, use of green energy, and pairing desalina-
tion with water conservation programs. For example,
Spain’s drought plans combine new desalination ca-
pacity with strict water saving rules and water reuse
projects (Novo, 2023), sending a message that desa-
lination is one piece of a holistic strategy. Such fra-
ming can reassure the environmentally conscious
public that desalination is being pursued responsibly.
In summary, while desalination’s environmental im-
pacts are a source of concern and debate, transparent
efforts to minimize harm - and evidence from existing
plants operating with minimal ecological disruption
- can help in gaining public support. Engaging with
environmental NGOs and experts in the planning pro-
cess can also preempt conflicts and incorporate com-
munity knowledge into project design, aligning with
the One Health ethos of collaborative, cross-sector
solutions.
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Trust in Desalination Governance and Transpa-
rency

Public acceptance ultimately hinges on trust - trust
that the water is safe and fairly priced (addressed
earlier), and trust that the institutions running desali-
nation are competent and act in the public’s interest.
In the Mediterranean, water governance has had its
challenges, from corruption scandals in utility ma-
nagement to anti-privatization protests. Desalination
projects, often high-profile and capital-intensive, tend
to magnify existing trust issues or, conversely, beco-
me symbols of good governance if managed well. The
degree of public trust in those delivering desalinated
water can make or break social acceptability.

A frequent source of skepticism is the role of private
companies and foreign investors in desalination. Be-
cause many Mediterranean countries lack domestic
desal manufacturing, they partner with international
firms (from Europe, UAE, etc.) to build and sometimes

operate the plants. In North Africa particularly, there
is wariness of ceding control of vital water infrastruc-
ture to private hands. Past experiences of privatized
water utilities have left mixed impressions. In Mo-
rocco’s major cities, for example, foreign-owned
concessionaires (Veolia, Suez, etc.) faced public an-
ger over tariff hikes and service issues, culminating
in protests over high bills and even termination of at
least one contract (Alzahid, 2024). This history colors
how people view new desal PPP projects. Reports that
companies won contracts through political connec-
tions or offered side deals deepen mistrust (Alzahid,
2024). Thus, even before a desalination plant produces
its first drop, the transparency of the tendering and
contracting process can influence public sentiment.
Civil society groups have called for open procure-
ment and accountability to ensure desal projects are
awarded on merit and not undermined by corruption.
Governments that heed these calls - by publishing
contract details, environmental compliance data, and
allowing independent audits - tend to foster greater
trust.

Country / Case Governance Model Regulatory Oversight Effect on Public Trust

Tunisia (past) Fully public utility (SONEDE])

Transition to foreign-fi-

Tunisia (current e
( ) nanced desalination

General mecha-
nisms

Participatory practices
(plant visits, advisory bodies)

Direct state management,

Need to demonstrate strong
regulation of new operators
Civil society inclusion in
oversight and communica-

Maintained high trust; but led to

low tariffs underinvestment in infrastructure

Public trust fragile; risks backlash
if affordability not protected

Increases transparency, hu-
manizes the process, improves

tion legitimacy

Governance Models and Institutional Oversight in Desalination

Finally, communication and responsiveness are pivo-
tal. People need avenues to voice concerns and get
clear answers - whether it's clarity on how tariffs are
set or prompt information in the event of any opera-
tional incident (e.g. an unscheduled plant shutdown
or a minor non-compliance]. A governance culture
that treats citizens as partners in the desalination en-
deavor, rather than passive recipients, tends to earn
legitimacy. This might involve public forums, publi-
shing annual reports on desalination’s performance
and impacts, and allowing independent researchers
to study and publish findings about the plant’s eco-
logical and health effects. In the age of social media,
any perception of a cover-up or withholding infor-
mation can do outsized damage to trust. On the flip
side, a well-handled issue - such as swiftly correcting
a water quality parameter and openly explaining it -
can reinforce trust.

In summary, social acceptability blossoms where
governance is transparent, participatory, and ac-
countable. Mediterranean desalination projects will
gain enduring public support if people believe the
institutions behind them are trustworthy. By integra-
ting robust governance measures (as part of the One
Health approach’s socio-economic pillar), countries
can ensure that desalinated water is not just techni-
cally successful but socially embraced as a common
good.

Empirical Insights from Cross-Country Survey

To complement the conceptual and case-based ana-
lysis of desalination in the Mediterranean, an explo-
ratory public perception survey was conducted across
four countries: Morocco, Tunisia, Spain, and France.
These countries were selected to reflect both North
and South Mediterranean contexts with different le-
vels of desalination exposure, governance models,
and water scarcity profiles.



Key Results

% Think Desal is a
Good Solution

% Willing to
Pay More

Morocco 87% 10%
Spain 86.7% 12%
France 53% 13%
Tunisia 86.8% 17%

Results from a 60-person cross-country survey exploring social acceptability under a One Health lens
(July 2025)

A detailed analysis of the results revealed several
consistent patterns:

High perception of drought and support for
desalination was observed in Morocco, Tuni-
sia, and Spain, where 86.7% of respondents
acknowledged drought as a pressing issue, and
an equal proportion viewed desalination as a
good solution. In contrast, none of the French
respondents reported drought as a concern, and
support for desalination was lower (53.3%), re-
flecting differing hydro-climatic contexts and ur-
gency.

Despite broad support in principle, willingness to
pay more for desalinated water was low across
all four countries: only 13.3% of respondents
were in favor. This highlights a price sensitivity
that could pose challenges to project implemen-
tation, especially if desalination is positioned as a
premium service.

Health concerns emerged as a major theme,
with 66.7% of respondents across all countries
indicating some level of worry about the potential
effects of desalinated water on their health. Envi-
ronmental concerns were less prominent (26.7%
overall], although Tunisia showed a slightly hi-
gher level (40%), possibly reflecting stronger
awareness or exposure to brine discharge im-
pacts.

Institutional trust and public knowledge appear
to be weak pillars of social acceptability. Only
40% of respondents expressed confidence that
authorities could ensure the safety and quality of
desalinated water. Furthermore, a striking 80%
believe that the public is poorly informed about
desalination processes and implications — in-
dicating a significant gap in communication and
outreach efforts.

% Trust % Concerned about % Say Public is
Authorities Health Informed
20% 53% 15%
20% 53% 24%
40% 47% 26%
33% 67% 23%

e Lastly, 80% of all respondents believe that other
solutions (e.g., reducing consumption, reusing
treated wastewater) should be prioritized before
investing in desalination. This finding reflects a
strong latent preference for integrated water re-
source management and demand-side efficiency,
rather than supply-side engineering alone.

Interpretation

These results suggest that social acceptance of de-
salination is highly conditional. While most respon-
dents support the idea of desalination as a response
to climate-induced water scarcity, this support does
not translate into unconditional buy-in. Factors such
as affordability, transparency, health safeguards, and
environmental responsibility strongly influence public
attitudes.

For policymakers and project developers, the fin-
dings imply that successful desalination deployment
requires more than technical reliability, it demands a
deliberate engagement with public concerns, incor-
poration of One Health principles into system design,
and participatory communication that builds trust
and demystifies the process.
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Case Highlights: Desalination Experiences in
Key Mediterranean Countries

Country Key Challenges Opportunities & Progress LT of.One LI
ciples

Morocco

Tunisia

Spain

Greece

Cyprus

High cost of desalinated water;
public resistance to privati-
zation; ecological impact on

fisheries

Rising tariffs amid subsidy
phaseout; environmental risks
to wetlands; limited impact
monitoring

Farmer resistance to cost; ener-
gy use & emissions

Overdependence on desal for
tourism; cost inequality; mainte-
nance issues on islands

Initial resistance to cost; rapid
infrastructure scale-up

High tariffs; under-maintained

Use of PPPs; major scaling
targets; renewable energy inte-
gration

National strategy to reach 30%
desalinated water; exploring
solar desalination

Strong public communication;
co-location with power plants;
large-scale investment

Community reliance; EU-funded
upgrades; tiered pricing reforms

Post-crisis acceptance; city-
scale supply now secured

Massive infrastructure network;

Guidelines aligned with Barcelona
Convention; renewable-powered plants

NGO calls for brine valorization; envi-
ronmental awareness emerging

Brine diffusion regulations; RE integra-
tion & hydrogen pilots

Some use of RE; calls for tourism-wa-
ter planning; regional coordination

Post-crisis framing as public health
security

Weak integration; lessons in operatio-

Algeria

infrastructure

urban supply in coastal zones

nal sustainability

Comparative Overview of Desalination in Key Mediterranean Countries under a One Health Lens

Morocco

Morocco is scaling desalination aggressively, targe-
ting over 1 billion m3/year by 2030. Flagship projects
like Agadir aim to supply both drinking and irriga-
tion needs, but public skepticism remains high due
to cost (~$1/m?3) and reliance on PPPs. Past protests
against foreign operators have prompted a return to
public water governance. Morocco is actively seeking
to green its desalination fleet through renewable en-
ergy and has aligned brine disposal with Barcelona
Convention guidance, a partial operationalization of
One Health principles. Its challenge lies in maintai-
ning affordability and trust while expanding rapidly.

Tunisia

Desalination now anchors Tunisia’s national wa-
ter strategy, with targets to supply 30% of domestic
needs. Projects like Djerba and Sfax show technical
ambition, but cost remains a flashpoint: desalinated
water is 3x costlier than dam water, and the 2024 ta-
riff hike sparked resistance. The state utility’s finan-
cial stress collides with affordability concerns. While
NGOs have pushed for ecological safeguards and
brine valorization, actual environmental integration
remains weak. Tunisia’s case underscores the finan-
cial and ecological balancing act in state-led desali-
nation rollouts.

Spain

Spain’s decades-long experience with desalination
shows how public perception can shift from skep-
ticism to strategic reliance. After the 2008 drought,
large cities like Barcelona turned decisively to desa-
lination, supported by subsidies and communication
campaigns. Farmers initially resisted high costs,
but targeted subsidies facilitated adoption. Spain
enforces brine discharge regulations and is piloting
renewables and hydrogen integration. Its One Health
relevance lies in proactive communication, environ-
mental regulation, and gradual social normalization
— a governance model worth replicating.

Greece

On Aegeanislands, desalination is both a lifeline and a
pressure point. It replaced tanker water for residents
but also enabled unsustainable tourism expansion,
leading to resentment over pricing and supply priori-
tization. Technical issues persist on small islands due
to limited maintenance capacity. Recent shifts toward
RE-powered systems and tiered pricing reflect adap-
tive policy learning. The Greek case reveals that even
technically sound desalination can be destabilizing
if not aligned with local equity concerns and spatial
planning.



Cyprus

Cyprus transitioned from shipping emergency water
in 2008 to supplying cities through desalination. Ini-
tially controversial due to cost, public support grew
after drought impacts became undeniable. This case
reflects how extreme events can shift public risk per-
ception, reinforcing desalination as part of a national
water security narrative. While explicit One Health
framing is absent, the emphasis on climate resilience
and public health protection resonates with its logic.

Algeria

Despite a large network of desalination plants built
to supply coastal cities, Algeria’s experience shows
that infrastructure alone does not ensure acceptance.
Tariffs and poor maintenance led to dissatisfaction,
exposing weak customer service and institutional
communication. One Health integration remains mi-
nimal, and the country’s case highlights the critical
importance of operational quality, affordability, and
responsiveness , not just technical scale, in ensuring
social license.

RECOMMENDATIONS AND
CONCLUSION

Desalination in the Mediterranean stands at a critical
juncture. As climate change deepens water insecurity
across the region, desalination is increasingly viewed
as a strategic necessity. Yet, its long-term sustaina-
bility hinges on how well we manage its ecological,
health, and social impacts. This study, combining a
One Health lens and public perception insights, un-
derscores that a more integrated approach, techni-
cally rigorous, ecologically sound, and socially accep-
ted, is not only feasible, but imperative. The following
priority recommendations are proposed for Medi-
terranean decision-makers, utilities, and regional
stakeholders:

¢ Institutionalize One Health into Desalination
Planning: Require health and ecosystem indi-
cators in project impact assessments. Include
ecologists and public health experts in project
design. Set clear thresholds for brine discharge
salinity and ensure post-treatment to WHO stan-
dards. Promote the One Health concept regionally
via platforms like UfM or the Barcelona Conven-
tion, transforming it from academic discourse
into applied governance.

¢ Engage Communities and Build Public Trust: In-
volve civil society and local users from early plan-
ning stages. Publicly share information on water
quality, pricing, and project impacts. Address
fears around taste, cost, or private-sector control

with targeted outreach. Use tools like citizen ad-
visory panels, site visits, and feedback mecha-
nisms.

e Innovate to Reduce Environmental Harm: Fa-
vor renewable energy, energy recovery systems,
and brine reuse technologies. Design marine
structures (intakes/outfalls) to minimize harm to
biodiversity. Monitor environmental effects conti-
nuously and disclose results transparently.

e Ensure Health-Protective Water Quality: Stan-
dardize remineralization and taste optimization
for drinking water. Monitor for trace contami-
nants and conduct epidemiological follow-up
where needed. Communicate clearly about water
quality assurance to foster user confidence.

e Ensure Financial Fairness and Viability: Design
balanced tariff structures with lifeline allowances
and cross-subsidies. Ensure industrial and tou-
rism sectors contribute proportionally to system
financing. Conduct willingness-to-pay studies to
align pricing with public acceptability. As costs
decline (e.g., through tech improvements), pass
benefits to consumers.

¢ Integrate Desalination in Broader Water Strate-
gies: Combine desalination with conservation,
reuse, and demand-side management. Com-
municate its role as part of a diversified water
resilience strategy. Link upstream watershed
protection to downstream marine protection in
planning.

Implementation Challenges and Next Steps:

Despite growing momentum, implementing these
recommendations will require overcoming structu-
ral, regulatory, and financial constraints. Many coun-
tries lack clear brine discharge standards, effective
cost-recovery frameworks, or cross-sector gover-
nance bodies. Public skepticism also remains high in
regions with a legacy of privatization or environmental
neglect. As a next step, countries should: launch pilot
projects that fully integrate One Health metrics; de-
velop regional guidance on social license and ecologi-
cal safeguards; support multi-stakeholder platforms
to co-develop trust-based governance models; and
build a shared monitoring infrastructure for cumu-
lative environmental effects. Done right, desalination
can support Mediterranean communities in adapting
to climate stress without compromising their health,
equity, or ecosystems. The challenge is not whether
desalination should expand, but how—and for whom.

In conclusion, a sustainable desalination future for
the Mediterranean will depend on the synergy of ad-
vanced technology, enlightened policy, and public en-
gagement. The One Health framework guides us to
consider the interdependence of water, environment,
and society - ensuring that in solving one problem
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we do not create others. Public perception, as the
barometer of social license, must be monitored and
managed with the same diligence as salinity levels
or financial costs. The experiences of Morocco, Tuni-
sia, Spain, Greece, and Israel show both the pitfalls
to avoid and the best practices to emulate. When de-
salination is pursued with scientific rigor, ecological
caution, and social empathy, it can indeed become a
cornerstone of water security in the Mediterranean,
enhancing resilience to climate impacts while safe-
guarding the health of both people and ecosystems.
The evidence to date, coupled with ongoing innova-
tions, gives reason for cautious optimism that desa-
lination - done right - can provide a lifeline to Me-
diterranean communities without compromising the
shared environment that binds the region together.
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Abstract

Despite the transformative role of desalination in addressing water scarcity, the approach has
often prioritised economic efficiency over social equity and environmental sustainability. This
proposal explores the socioeconomic impacts of desalination in the Mediterranean, empha-
sising the importance of inclusive decision-making to balance economic gains with environ-
mental preservation and social equity. To assess the inclusive desalination process, the study
constructs a Social Water Inclusion Index (SWII) a novel composite indicator designed to cap-
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domains. Using a dynamic panel dataset for Algeria, Egypt, and Libya from 2000 to 2022, we
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ter inclusion outcomes through a Generalized Method of Moments (GMM) model and Dumitres-
cu-Hurlin panel causality test. Findings reveal that while desalination contributes to impro-
ved water inclusion, its effects are conditional on governance performance and remain uneven
across countries. Moreover, brine discharge sustainability trade-offs that disproportionately
affect socially and environmentally vulnerable populations. The study provides evidence-based
insights to inform inclusive, climate-resilient water strategies aligned with SDG 6 and the blue
economy agenda.
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INTRODUCTION AND BACKGROUND:
THE EFFECT OF DESALINATION
BEYOND MERE ECONOMIC GAIN

Water scarcity is one of the most pressing challenges
facing humanity, we live in a water-stressed world.
While Earth holds an immense volume of water—ap-
proximately 1.4 x 107 km3—only a small fraction is ac-
cessible as freshwater, 97.5% of the planet’'s water is
seawater, with an average salinity of 35,000 ppm (milli-
grams per litre), making it unsuitable for direct human
consumption, agriculture, or industrial use (Council et
al., 2008; Darre & Toor, 2018; Miller, 2003). The Mediter-
ranean region illustrates this global challenge, indeed,
despite being surrounded by vast seas, it faces signi-
ficant freshwater shortages (Iglesias et al., 2007) due
to a combination of factors, including its arid climate,
growing population, and increasing water demand
from agriculture and tourism (Jacobsen et al., 2012;
Laraus, 2004; Yang & Zehnder, 2002). According to the
World Bank, Mediterranean countries host only 3% of
the world’s renewable freshwater resources while sup-
porting over 7% of the global population. These dispa-
rities make seawater desalination an essential, albeit
resource-intensive, solution for addressing the region’s
chronic water scarcity (March et al., 2014; Palomar &
Losada, 2010; Pulido-Bosch et al., 2019).

Desalination has emerged as a critical solution to
this crisis, transforming seawater into potable water
and supporting the region’s water security. As a cor-
nerstone of the blue economy, desalination is integral
to meeting the needs of Mediterranean societies (Bor-
riello et al., 2024; Spalding, 2016). Across the Mediter-
ranean, desalination plants now supply over 3.5% of the
region’s freshwater, a figure projected to increase as
demand outpaces natural replenishment rates. EU fun-
ding mechanisms, such as the European Maritime and
Fisheries Fund (EMFF), allocated approximately €520
million from 2019 to 2024 to promote desalination in-
novations, including energy-efficient technologies (Mi-
retOPastor et al., 2024).

However, the rapid expansion of desalination plants of-
ten prioritises economic efficiency and utility maximi-
sation, sidelining important social and environmental
factors. While the economic gains, such as increased
agricultural productivity and industrial growth, are
clear, they sometimes come at a cost to local com-
munities and ecosystems (Von Medeazza, 2005). The
discharge of brine and other byproducts into marine
environments threatens biodiversity (Panagopoulos &
Haralambous, 2020), and limited community partici-

pation in decision-making worsens social inequalities,
especially for those living near desalination facilities
(Haddad et al., 2018).

It is imperative to shift the focus of desalination initia-
tives beyond mere economic utility, sustainable desa-
lination should equally address environmental protec-
tion and social equity. Inclusive decision-making can
ensure that the benefits of desalination are equitably
distributed, and its negative impacts are mitigated (Liu
etal., 2022), as shown in Figure (1), implementing sus-
tainable practices for sustainable desalination is cru-
cial to ensure equitable access to water across com-
munities especially the vulnerable portion of society
fostering then SDGs 6 (clean water and sanitation) and
10 (reduced inequalities), indeed, inclusive desalination
processes emphasise equitable access to water re-
sources, prioritising the needs of marginalised and un-
derserved communities while integrating sustainable
practices to minimise environmental impacts.
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Figure.1 Sustainable desalination framework
Source: authors” own



tal, and climate-linked dimensions. At its core, the
framework emphasizes how climate pressure ma-
nifesting through extreme heat, prolonged drought,
and changing rainfall patterns is intensifying water
scarcity and inequity in the Mediterranean region.
These pressures are driving the expansion of desa-
lination, which, if implemented through inclusive and
sustainable approaches, can address these challen-
ges while promoting social equity and environmental
sustainability.

The figure shows that inclusive desalination, sup-
ported by strong Voice and Accountability mecha-
nisms, is essential to ensure fair access to water and
reduce inequalities, particularly for vulnerable and
underserved communities. The Social Water Inclu-
sion Index (SWII), developed in this study, serves as a
tool to measure the inclusiveness of desalination po-
licies by integrating governance quality, accessibility,
and participation.

Environmentally, the framework acknowledges
the trade-offs involved: while desalination offers a
pathway to water security, its environmental exter-
nalities, especially brine discharge, require careful
management and innovative circular economy solu-
tions. Although brine valorisation presents a promi-
sing avenue, its high energy demands pose additional
sustainability challenges. Within the context of the
blue economy, oceans are viewed as productive as-
sets—but balancing growth with ecological protection
remains complex and politically sensitive.

Voice and
Accountability for
community centric

\ decision making )

Mitigating strategies
for the adverse

environmental )

Social Water
Inclusion Index
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Figure.2 The multi-dimensional effect of inclusive desalination
Source: authors’ own

This study aims to assess the role of desalination
in the Mediterranean by focusing on inclusive deci-
sion-making and socioeconomic impact. It will criti-
cally examine how desalination can move beyond tra-
ditional cost-efficiency models to prioritise equitable
resource distribution and social inclusivity. By em-
ploying econometric analysis, the research will assess
the broader economic and social effects of desalina-
tion, exploring pathways to enhance community en-
gagement and ensure fair access to water resources.
The ultimate objective is to establish a transformative
framework that aligns desalination practices with the
principles of the blue economy, fostering resilient and
inclusive development across the region.

Research added value

This study addresses critical gaps in existing de-
salination research by focusing on the overlooked
concept of water inclusion, which ensures accessi-
bility, affordability, equity, and public participation in
water resource management. Unlike prior studies
that emphasize economic efficiency and technologi-
cal advancements, this research introduces the Social
Water Inclusion Index (SWII) as a comprehensive tool
to measure and analyze the inclusivity of desalination
benefits. By linking water inclusion to Sustainable
Development Goals (SDG 6 and SDG 10) and exami-
ning governance practices, this study provides actio-
nable insights for fostering equitable and sustainable
desalination strategies. Its cross-country analysis
in the Mediterranean highlights best practices and
challenges, emphasizing the integration of inclusive,
transparent governance to balance economic, social,
and environmental objectives in water resource ma-
nagement.

METHODOLOGY

Variables selection and data collection:

This section presents the panel dataset employed
to empirically investigate the relationship between
desalination activities, environmental externalities,
governance quality, and the inclusiveness of water
access in three Mediterranean countries: Algeria,
Egypt, and Libya. The dataset covers the period from
2000 to 2021, incorporating a combination of original
calculations and secondary data from internationally
recognized sources.

The structure of the dataset reflects the multidimen-
sional nature of water inclusion, integrating both phy-
sical and institutional aspects. Key variables include
measures of desalination output and brine discharge,
governance indicators (such as Voice and Accountabi-
lity), water stress levels, and performance on Sustai-
nable Development Goals (SDG 6 and SDG 10).

These variables are summarized in table 01.
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Social Water Inclusion Index (SWII)

T e T i e

Composite index developed by the
authors using PCA, reflecting acces-
sibility, affordability, equity, and par-

Constructed using Principal Compo-
nent Analysis (PCA) - Summarized
in section 3.2-

ticipation in desalination benefits.

Desalinated water production

Brine

Volume of freshwater produced
through desalination processes

Volume of brine discharged as a
by-product of desalination

AQUASTAT Dissemination System

Calculated based on recovery ratio.

Data derived from FAO AQUASTAT,

national water agencies, (Methodo-
logy detailed in Section 2.2)

Measures the extent to which a

The average voice and accountabi-
lity index

country’s citizens can participate in
selecting their government, as well
as freedom of expression, associa-

Worldwide Governance Indicators,
World Bank

tion, and media.

Measures freshwater shortages

Water Scarcity Index (WSI)

in each region. WSI scale: values
>100% indicate absolute water

World Resources Institute (WRI),
Aqueduct Water Risk Atlas.

scarcity

Monitors efforts to ensure sustai-

Progress on SDG 6 (Clean Water and
Sanitation)

nable water and sanitation access
(e.g., population with improved
water access).

UN SDG database

Composite scoring from 0 (high
inequality) to 100 (fully inclusive)

Reflects the reduction of inequalities

Progress on SDG 10 (Reduced Ine-
qualities)

in water access, affordability, and
inclusivity of policies.
Composite scoring from 0 (high

UN SDG database

inequality) to 100 (fully inclusive)

Data and variables
Source: by the authors

Note: SDG 6 and SDG 10 progress are measured
using standardized scores ranging from 0 to 100,
based on annual indicators of water access, sani-
tation, and inequality reduction, as compiled by the
Sustainable Development Report (Sachs et al., 2023;
Pradhan et al., 2017). These scores serve as proxies
for the institutional and distributive dimensions of
water inclusion.

Brine Production Estimation Methodology

The brine production (also referred as brine
discharge] in the context of seawater desalination
represents the highly concentrated saline effluent
volume which is returned to the marine environment
after the extraction and treatment of the freshwater.
Hence, it is a liquid discharge related with significant
environmental externalities and not an emission in
the atmospheric sense. (Panagopoulos & Haralam-
bous; 2020),

In order to quantify the environmental burden caused
by desalination activities, this study estimates the vo-
lume of brine discharged annually using a mass-ba-
lance recovery equation estimates commonly applied
in desalination systems. The following formula repre-
sents the approach used.

Where:

e Vb :Volume of brine (in billion cubic meters/year
or m3/ year)

e Vp : Volume of permeate/freshwater produced
(same units)

¢ R:Recovery rate (typically 0.30-0.50 for seawater
reverse 0smosis)



This mass-balance approach is consistent with me-
thodologies presented in (Panagopoulos & Haralam-
bous; 2020), who used the same equation to assess
environmental discharges in the Mediterranean re-
gion. It is also in line with the broader desalination
environmental impact assessment frameworks dis-
cussed in Ghaffour et al. (2013) and Von Medeazza
(2005).

Recovery Rate Assumption

To improve accuracy, this study applies country-spe-
cific recovery rates based on the national share of
Reverse Osmosis (RO) technology. RO systems, par-
ticularly Seawater Reverse Osmosis (SWRO), typically
achieve recovery rates around 0.45 (Ghaffour et al.,
2013; Liu et al., 2022). Using data from the Plan Bleu
Observatory (2024), we estimate effective national re-
covery rates as follows:

e Algeria: RO share = 84.2% - R =10.38
e Libya: RO share = 68.4% - R =0.31
e Egypt: RO share = 66.5% > R=0.30

These values were used to compute annual brine
discharge per country based on desalinated freshwa-
ter output. While still simplified, this approach allows
us to reflect technological heterogeneity across the
Mediterranean and better estimate the associated
environmental externalities (Panagopoulos & Hara-
lambous, 2020; Von Medeazza, 2005).

Recovery Rate Assumption

To capture the multidimensional aspects of inclu-
sive water governance and to reflect the extent to
which water access and governance are participatory,
equitable and institutionally accountable, this paper
constructs a composite indicator namely the Social
Water Index (SWII)

Using the Principal Component Analysis (PCA)%.
This approach is a statistical tool widely used to re-
duce dimensionality and synthesize complex datasets
into a single index (Jolliffe & Cadima, 2016).

Additionally, The SWII was built using four core di-
mensions of water inclusion, selected based on theo-
retical relevance and data availability:

Regulatory Quality
Governance

Control of Corruption WG

Participation Civic Participation

Access to Drinking

Accessibility Water (%)

Index dimensions
Source: by the authors

While these indicators are not exclusive to the desa-
lination sector, they are conceptually and practically
relevant for measuring social inclusion in desalina-
tion access and governance. For example, access to
drinking water reflects the population’s ability to be-
nefit from new water supply infrastructure, including
desalinated water. Similarly, civic participation and
governance quality influence how decisions about si-
ting, pricing, and brine management of desalination
plants are made — and whether affected communi-
ties have a voice in those processes. These dimen-
sions indirectly capture the institutional context in
which desalination operates and its inclusivity.

The Dynamic Panel Data Model using Genera-
lized Method of Moments (GMM)

To account for the dynamic nature of social water in-
clusion and potential endogeneity among key expla-
natory variables (e.g., desalination and governance
quality), this study employs a Dynamic Panel Data Mo-
del using a System Generalized Method of Moments
(GMM] estimator developed by Arellano and Bover
(1995) and Blundell and Bond (1998)The choice of this
model is guided by the dynamic nature of the variables
under consideration, the potential for endogeneity in
the relationships, and the need to capture variations
across countries and over time (Cheng & Bang, 2021).
It is particularly effective for large samples with rela-
tively few time periods (Islam, 2013).

22 PCA is particularly useful when dealing with indicators that are correlated or conceptually overlapping, as it extracts the common

variance shared across dimensions into a principal component.

ration

Worldwide Governance
Indicators (WGI)

Varieties of Democracy
(V-Dem] Project

JMP/World Bank
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Figure.3 benefits of using of GMM in Evaluating Desalination’s Socioeconomic Impact

Source: authors’ own

Figure 03 shows that using the Generalized Me-
thod of Moments (GMM) model to analyze desalina-
tion’s socioeconomic impact in the Mediterranean
may addresses three critical challenges: Dynamic
Relationships, by incorporating lagged dependent
variables to capture the persistence of socioeco-
nomic outcomes like water affordability and equity
over time; Endogeneity Concerns, by using lagged
instruments to mitigate biases from feedback loops
and unobserved factors like governance quality; and
Cross-Country analysis, by leveraging panel data to
account for both differences between countries and
temporal evolution within them. Together, these
components allow GMM to generate policy-relevant
insights by providing robust, consistent estimates
that inform inclusive and sustainable desalination
practices. This aligns with the principles of the blue
economy by integrating environmental sustainability
with social equity and economic development consi-
derations in the Mediterranean context.

In addition, to investigate the causal dynamics
between desalination-related variables, governance
quality, and the Social Water Inclusion Index (SWII),
this study applies the Pairwise Dumitrescu-Hurlin
(DH) panel causality test (Dumitrescu & Hurlin, 2012).
This test is specifically designed for heterogeneous
panel data structures, allowing for individual-specific
causal relationships across countries, which is parti-
cularly relevant for our multi-country Mediterranean
sample. The DH test extends the traditional Granger
causality framework to panel settings by estimating
separate regressions for each cross-sectional unit
and aggregating the individual test statistics (W-bar)

Insights

into a standardized Z-bar statistic. This approach is
robust in the presence of fixed T [years) and moderate
to large N (countries), and accommodates heteroge-
neity in slope coefficients and lag structures. It is thus
appropriate for detecting causality even when some
countries exhibit a relationship and others do not (Ju
& Wang, 2023; Lemoine & Tapsoba, 2021). By cap-
turing these cross-country differences, the DH test
helps identify whether improvements in governance
and progress on SDGs are systematically followed
by increases in water inclusion—while allowing for
the fact that such relationships may not be uniform
across the region.

RESULTS

This section presents the results of the dynamic panel
estimation conducted using the System GMM estima-
tor. The dependent variable is the Social Water In-
clusion Index (SWII), while the independent variables
capture desalination activity, environmental impact
(brine discharge), governance quality, water stress,
and progress on SDGs 6 and 10. The model includes
a lagged dependent variable to account for dynamic
persistence in water inclusion.

Social Water Inclusion Index (SWII) Trends in
Algeria, Libya, and Egypt

The Social Water Inclusion Index (SWII), constructed
using Principal Component Analysis (PCAJ, provides a
composite score reflecting the multidimensional as-

Policy-Relevant



pects of water inclusion, including governance qua-
lity, civic participation, and access to drinking water.
Figure 3 presents the evolution of SWII from 2000 to

SWII (PCA Composite Index)

2020 for Algeria, Libya, and Egypt, offering insight into
the institutional and social inclusiveness of water go-
vernance across the three Mediterranean countries.

Evolution of Social Water Inclusion Index (SWII), 2000-2020 (PCA-based)
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Figure.4 Evolution of the Social Water Inclusion Index [SWII]
Source: Authors’ calculation using PCA-based composite index

The results reveal substantial differences in the
trajectories of SWII values between the countries.
Algeria consistently exhibits positive and relatively
high SWII scores throughout the period, with a peak
around 2001-2002, suggesting strong performance
in inclusive water governance, likely driven by public
infrastructure expansion and sectoral reforms in the
early 2000s. Although some fluctuations are obser-
ved, Algeria maintains a steady trend, highlighting
relatively stable institutional engagement and access
mechanisms. In contrast, Libya displays persistently
negative SWII scores, with particularly low values du-
ring the early 2000s and only modest improvements
thereafter. The trend reflects significant challenges in
inclusive governance, likely exacerbated by long-stan-
ding political instability, weak civic institutions, and
limited community participation in water-related
decisions. Despite some recovery after 2010, Libya’s
SWII remains the lowest among the three countries.
Egypt, while also showing negative SWII scores, exhi-
bits a more stable and gradually improving trajectory
compared to Libya. This may reflect efforts to expand
access to safe drinking water and reform governance,
though challenges remain in ensuring participatory
mechanisms and equitable distribution.

Notably, Egypt's SWII improves slightly in the later
years, possibly linked to infrastructure investments
and alignment with SDG6 targets.

Overall, the trends suggest that inclusive water go-
vernance remains uneven across the region, with
Algeria leading in terms of social inclusion, while Li-
bya lags significantly. These disparities highlight the
importance of institutional quality and participatory
governance in shaping water access outcomes, and
reinforce the need for tailored policy interventions
adapted to national governance contexts.

Data descriptive analysis

Table (03) summarizes the key descriptive statistics
for the main variables in the analysis. These statistics
include the mean, median, standard deviation, mi-
nimum, and maximum values for each variable. The
SWII, which is the dependent variable, is constructed
using Principal Component Analysis (PCA) on stan-
dardized indicators and hence exhibits a mean near
zero and a standard deviation of one. The remaining
variables provide insight into the physical and insti-
tutional dimensions of water management. Detailed
tables with full descriptive statistics are provided in
Appendix A.
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[ varile | matrio [ Moan | wesion ] sta.ov. | miimum { Waimum |

SWII Standardized score 1.06E-08 -0.39123 1.00000 -1.92989 2.56230
Brine billion m3/year 0.25717 0.17569 0.25206 0.02078 1.04500
D esanstien billion m3/year 0.20029 0.13080 0.20052 0.01700 0.85500

Production
VAI Unitless (index score) -0.15409 0.16000 0.75792 -1.51000 0.66000

0, H 1=
wsl o usliliael over sl 105.5842 104.4000 23.20283 66.02000 141.1700
lable resources

SDG6 0-100 scale 61.94532 63.22630 2.71230 57.28540 65.06940
SDG10 0-100 scale 83.00162 83.92850 14.54181 48.42350 97.01500

Summary Statistics for Key Variables
Source: data processing

The summary statistics indicate considerable varia-
tion in the Social Water Inclusion Index (SWII), with
values ranging from -1.93 to 2.56, reflecting diffe-
rences in water governance and access across coun-
tries and time. Desalination production (mean: 0.20
billion m?3/year] and brine discharge [mean: 0.26)
show moderate variability, which likely reflects dis-
parities in investment capacity, technology adoption,
and infrastructure coverage. For example, countries
with higher desalination capacity may employ more
efficient reverse osmosis systems, while others rely
on older or intermittent infrastructure, affecting
both output and brine intensity. This uneven deploy-
ment of desalination technology may also stem from
differences in national water strategies and access
to coastal desalination zones. The average Voice and
Accountability Index (VAI] is negative, suggesting ge-
nerally weak participatory governance. Water Stress
Index (WSI) values exceed 100% on average, pointing
to severe overexploitation of water resources. SDGé
scores are relatively consistent, while SDG10 shows
broader dispersion, indicating varying levels of social
inequality reduction efforts.

Correlation matrix

Before proceeding with the dynamic panel estimation,
a correlation analysis was conducted to explore the li-
near relationships among the key variables in the da-
taset. The correlation matrix is presented in Table (4).
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Probaility SWII BRINE N WAl Wsl SDGE SDG10
SWI 1.000000
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SDG10 -0.7BI1E9 0388560 0.582683 -0.287217 0.604347 -0.562038 1.000000
0.0000 0.0008 0.0000 0.0184 0.0000 0.0000 —

correlation matrix

Source: data processing

The correlation matrix reveals several noteworthy
relationships. The SWII is positively correlated with
Voice and Accountability (r=0.58) and SDGé (r=0.31),
suggesting a link between inclusive governance, ac-
cess to clean water, and water inclusion outcomes.
Conversely, it shows strong negative correlations with
the Water Stress Index (WSI; r = -0.66) and SDG10 (r
= -0.79), indicating that higher inequality and water
scarcity are associated with lower inclusion. Desali-
nation production is positively correlated with brine
discharge (r = 0.84) and WSI (r = 0.62], and negatively
with SWII (r = -0.44) and SDG6 (r = -0.68), implying
that increased desalination activity may be occurring
in more water-stressed and less inclusive contexts.
Overall, the correlations support the hypothesis that
governance, environmental stress, and technological
interventions jointly shape social water inclusion mo-
tivating the multivariate dynamic analysis conducted
in the next section.

Panel GMM estimation results

The results of the System GMM model are summa-
rized in Table (5). The coefficient on the lagged de-
pendent variable is positive and highly significant,
indicating strong persistence in inclusive water go-
vernance.
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SWII (lag) 0.557 0.123 0.000
Desalination Production -0.821 0.308 0.010
Brine 0.795 0.203 0.000

Voice and Accountability (VAI) 0.160 0.134 0.246
Water Stress Index (WSI) -0.0045 0.0025 0.071
SDG6 [Clean Water) 0.039 0.015 0.030
SDG10 (Reduced Inequalities) -0.0125 0.005 0.045

GMM Estimation Results for the Determinants of Social Water Inclusion (SWII)
Source: data processing

Desalination production exhibits a negative and
statistically significant effect on SWII (p < 0.01),
suggesting that while desalination expands sup-
ply, it may exacerbate inequality or exclusion if
not accompanied by inclusive governance mecha-
nisms.

Brine discharge, interestingly, shows a negative
and significant association with SWII (p < 0.001),
possibly reflecting infrastructure expansion or
stronger regulation where brine output is moni-
tored.

Voice and Accountability (VAI) has a positive but
statistically insignificant effect, suggesting that
while governance matters, its influence may be
mediated by institutional effectiveness or policy
implementation gaps.

Water Stress Index (WSI) is negatively associated
with SWII (p = 0.07), reinforcing the idea that
scarcity undermines equitable access and gover-
nance inclusion.

e SDG6 shows a positive and significant effect,
confirming the alignment between progress on
clean water targets and inclusive outcomes.

e SDG10, contrary to expectations, shows a negative
and significant association with SWII, which may
reflect short-term trade-offs between macroe-
conomic inequality policies and sector-specific
equity measures.

Panel causality results

Table 06 presents the results of the Pairwise Du-
mitrescu-Hurlin panel causality tests conducted
between SWII and key desalination-related and go-
vernance indicators. The findings indicate which di-
rectional relationships are statistically significant
across the sample.
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Causality Direction (if
any)

-0.7572 0.4489 No causal relationship
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0.0641 0.9489 No causal relationship
-0.3323 0.7396 No causal relationship
1.1731 0.2408 No causal relationship
-0.5983 0.5496 No causal relationship
0.6383 0.5233 No causal relationship
0.6432 0.5201 No causal relationship
1.5762 0.1150 No causal relationship
0.5181 0.6044 No causal relationship
21209 0.0339 Causality:

Desalination -> WSI

The Dumitrescu-Hurlin panel causality analysis
provides empirical insights into the directional in-
terlinkages among desalination outputs, brine
discharge, governance quality, water stress, and the
Social Water Inclusion Index (SWII) in the Mediter-
ranean context. This approach, which accounts for
cross-country heterogeneity, enables us to evaluate
whether systematic patterns of causality exist across
countries with diverse institutional and hydro-envi-
ronmental settings.

Desalination and SWII: A Bidirectional Nexus

The results reveal a significant bidirectional causal
relationship between desalination and SWII, indica-
ting that desalination efforts both influence and are
influenced by levels of social water inclusion. On the
one hand, increased desalination capacity directly
contributes to improving water access in water-scarce
regions, particularly where traditional sources are
insufficient or overexploited (Sanz, Blanco-Gutiér-
rez, & Garcia-Rubio, 2018). This aligns with previous
studies emphasizing the potential of desalination to

address physical water scarcity and support SDG 6
(Garcia-Rubio, Guardiola, & Gonzalez-Gédmez, 2015).
On the other hand, the finding that SWII Gran-
ger-causes desalination suggests that rising demand
for equitable and reliable water access—driven by
demographic growth, urbanization, or policy em-
phasis on social equity—can stimulate investment
in non-conventional water supply technologies. This
feedback reinforces the notion that inclusive water
policies and infrastructure expansion are interde-
pendent and must be pursued in tandem (Mehta,
Thompson, & Harris, 2022).

Brine Externalities and Their Social Feedbacks

Brine discharge is found to Granger-cause SWII, in-
dicating that environmental externalities associated
with desalination can indirectly shape social water
outcomes. Unmanaged or excessive brine disposal
may lead to marine ecosystem degradation, affecting
coastal communities and engendering public opposi-
tion to desalination projects (Jones et al., 2019). These
findings underline the importance of integrating envi-
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ronmental safeguards into desalination strategies to
sustain public trust and maintain service continuity.
Conversely, brine discharge does not significantly
cause desalination production in the reverse direc-
tion. This asymmetry suggests that although brine re-
presents a critical environmental concern, it has not
yet emerged as a binding constraint on desalination
expansion in most countries—potentially due to weak
regulatory enforcement or limited public awareness
(Lattemann & Hopner, 2008). However, the absence of
a current constraint should not preclude future risks
as cumulative impacts intensify.

Desalination-Brine Interdependence: A Confir-
matory Link

As expected, desalination is found to causally deter-
mine brine generation, validating the physical basis
of the mass-balance recovery equation. This confirms
the consistency of the dataset and supports the relia-
bility of the constructed brine indicator as a function
of country-specific recovery rates. The lack of causa-
lity in the opposite direction is logical, since brine is
a by-product rather than a driver of desalination ac-
tivity.

Voice and Accountability [VAI): Weak Causal In-
fluence

The analysis yields no statistically significant causal
relationships between the Voice and Accountability
Index and other core variables. While governance
quality remains conceptually critical to water access
and infrastructure equity, its influence appears indi-
rect or lagged, potentially manifesting through broa-
der institutional reforms or cross-sectoral integra-
tion (World Bank, 2020). Moreover, limited political
will and fragmented governance structures in several
countries may explain the absence of a strong signal
in the panel analysis.

Water Stress and SDGs: Structural Challenges

Neither the Water Stress Index (WSI) nor the SDG6 and
SDG10 scores display significant causal relationships
with other variables. This may be attributed to their
structural nature and slow-moving characteristics.
Water stress reflects hydrological imbalances that
evolve over decades, while SDG indicators are com-
posite and updated annually, limiting their sensitivity
to short-term dynamics. These indicators, though es-
sential for benchmarking, may not capture granular
or immediate responses to policy or infrastructure
changes (UN-Water, 2021; Sachs et al., 2022).

DISCUSSION

The GMM results show a significant negative rela-
tionship between desalination and the Social Water
Inclusion Index (SWII) (-0.82, P-value = 0.0006). The
results suggest that an increase in desalination acti-
vities is related to a decrease in social water inclusion.
Our findings contrast with the expectation that desa-
lination would enhance water access and inclusion.
The finding may imply that current desalination me-
thods in the Mediterranean region are not effectively
addressing social equity matters, which has been
reported extensively in the literature (Cappelletto et
al., 2021; March, 2015; O’Neill, 2020; Williams, 2022).
For instance, March (2015) and Swyngedouw and Wil-
liams (2017) found that desalination projects in Spain
and other Mediterranean countries often prioritise
technological solutions over social equity conside-
rations. We also have the high costs of desalination
infrastructure, which might explain the negative re-
lationship, which can lead to increased water prices
and potentially exclude economically disadvantaged
populations from accessing this water source (Barak,
2012; Ziolkowska, 2015).

It is important to note that estimating brine volumes
in desalination processes is highly sensitive to the
chosen recovery rate, which varies depending on the
technology used. To address this, our study avoids
using a uniform average rate and instead calculates
country-specific recovery rates based on the national
dominance of reverse osmosis (RO) technologies. Ac-
cording to data from Plan Bleu (2024), RO makes up
84.2% of desalination capacity in Algeria, 68.4% in Li-
bya, and 66.5% in Egypt. Consequently, we applied tai-
lored recovery rates of 0.379, 0.308, and 0.299 respec-
tively—derived from these shares—to estimate brine
discharge more accurately for each country. This
method improves the credibility of the environmen-
tal burden assessment by recognising that RO sys-
tems typically have recovery rates between 35-50%,
whereas thermal technologies can have much lower
values. The variability emphasises the importance of
considering brine impacts not only by volume but also
by technology type and location conditions (Panago-
poulos & Haralambous, 2020; Liu et al., 2022). These
refinements ensure that our environmental analysis
aligns with real-world practices and technologies
used in the Mediterranean desalination sector.

The voice and accountability index (VAI) shows a po-
sitive but non-significant relationship with the SWII
(0.15, P-value = 0.246). While the findings align with
the assumption that better governance leads to im-
proved water inclusion (Allen et al., 2006; Rogers &
Hall, 2003; Wei et al., 2018). The lack of statistical si-
gnificance suggests that other variables may be more
important in affecting social water inclusion. Tortaja-
da and Joshi (2013) point to the importance of good



governance in water management for achieving equi-
table outcomes; however, in our study, the non-signi-
ficant results might be due to the weak link between
accountability and SWII in the Mediterranean com-
pared to other factors such as water provision and
accessibility.

Our environmental impact as measured by the Brine

variable shows a strong negative relationship with
SWII [ -0.79, P-value = 0.000). Our result aligns with
existing literature on the environmental and social
impacts of brine disposal from desalination plants
(Ahmed & Anwar, 2012; Belatoui et al., 2017; Fernan-
dez-Torquemada et al., 2019, Plan Bleu , 2024). Ro-
berts et al. (2010) stressed on the possible negative
effects of brine discharge on marine environments,
which can naturally impact the coastal communi-
ties reliant on these ecosystems for their livelihood.
Indeed, higher Brine production may lead to larger
environmental degradation on coastal ecosystems,
potentially negatively influencing fishing and tourism
industries that many Mediterranean communities rely
on, notably Egypt and Algeria. Similarly, the increa-
sing production of Brine requires managing larger
volumes of brine, thus leading to higher operational
costs for desalination plants, potentially resulting in
higher water prices and reduced accessibility for eco-
nomically disadvantaged populations (Karagiannis &
Soldatos, 2008; Zhou & Tol, 2005; Ziolkowska, 2015).
Given the structure of our SWII, the negative rela-
tionship with Brine is not a surprise. concerns about
the environmental impact of large-scale plants, brine
discharge and ecosystem disturbance are often per-
ceived negatively by the public, as Fuentes-Bargues
(2014) discussed, negative public perception of de-
salination plants, relatively linked to worrying about
brine disposal, can lead to decreased social approval
of these projects, potentially affecting water access
and inclusion.

Furthermore, the water scarcity index WSI shows
a negative relationship with SWII (0.004, P-value =
0.071), which refers to the very difficult task of sustai-
ning inclusive water access in increasing scarce water
countries, which is in line with the literature, indeed, a
study by Iglesias et al. (2007) reported the challenges
of managing water resources in water-scarce Me-
diterranean regions. Looking at the progress of the
SDGé (Clean Water and Sanitation) we find a positive
and significant relationship with SWII (0.038, P-Va-
lue = 0.015), this is consistent with the global agenda
set by the United Nation and supported by extensive
scholarship (Aman et al., 2024; Lele, 2017; Mattos
et al.,, 2021; Puertas & Marti, 2023; Rajapakse et al.,
2023). On the other hand, the small but negative and

significant relationship between SDG10 indicator (Re-
duced Inequalities) and the SWII ( -0.012, P-value =
0.039 is more complex. This finding might reflect the
challenges identified by Luh et al. (2017), who argue
that marginalized communities often reliant on less
resilient technologies face a higher risk of water in-
security exacerbating social and health inequalities
during the climate crisis. The authors suggest that
targeted interventions in the water sector might be
necessary to complement general inequality reduc-
tion strategies.

CONCLUSION

The analysis reveals the complex interplay between
desalination, governance, environmental factors and
social water inclusion in the Mediterranean region.
The findings highlight the need for a more holistic ap-
proach to water management that considers not only
technological solutions but also social equity, envi-
ronmental sustainability and good governance prac-
tice. The policy recommendations presented offer
a roadmap for a more inclusive and sustainable ap-
proach to desalination in the Mediterranean. By prio-
ritising inclusive governance, integrating social equity
metrics into project evaluations, investing in sustai-
nable brine management and developing a regional
framework for water governance, Mediterranean
countries can transform their approach to desalina-
tion. These measures have the potential to address
water scarcity and enhance equity.

Policy recommendations

It is a complicated task per se to standardise the ap-
proach to water management in our case of the in-
clusive waters approach in the Mediterranean. Each
country in the Mediterranean region has its national
approach and view of its water management, desali-
nation and equity. Also, a study was done by Argemi
Ribalta (2022) and it reports that national politics in
Euro Mediterranean countries consistently stood in
the way of building a shared regional approach to
water governance in the Mediterranean. Countries in
the region seem unwilling to adopt such a framework,
mainly because they want to uphold control over their
water resources. There is also an apprehension that
enlarging governance to the regional level could make
things more problematic, notably given the current
absence of adaptable, context-sensitive regional gui-
delines. While the Union for the Mediterranean (UFM)
has made several efforts to coordinate water-related
actions, this study suggests that it may not be the
right institution to lead such an initiative. In a gover-
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nance scene strongly shaped by national benefits, a
different kind of state-backed institution might be
better suited to take on that role. Our investigations
on the desalination’s socioeconomic impact suggest
the need for a paradigm shift in how desalination pro-
jects are implemented and managed. The following
policy recommendations are designed to address the
most pressing challenges.

Implementinganinclusive governance framework
for desalination projects: creating a nationalised/
regional protocol to include marginalised popu-
lations, especially communities living in coastal
areas, in the decision process of activities and
operations of the desalination plants.

ntegrating social equity metrics into the eva-
luation process of desalination projects: trough
including a feedback mechanism in the form of
a quantifiable metric such as SWII index or ano-
ther similar metric (based on the right regulato-
ry framework of the country/region if applicable)
would reflect the social and participatory side
of the projects, if the metric is included into pre
(approval] and post (feedback] plants implemen-
tation, the approach would reflect the environ-
mentaland  social impact study of the projects,
policy makers might establish threshold (min/
max) value to assess the inclusivity of the pro-
jects hence, it viability from an environmental and
social perspective.

revising and improving the actual practice of
brine management: policymakers might allocate
budgets to research and innovation in brine ma-
nagement to coordinate the efforts in the Medi-
terranean region, especially in the context of the
circular economy.



CONCLUSION

Based on the previous research, it is clear that there
is a strong water paradox in the Mediterranean repre-
sented by an accentuated water demand while natu-
ral resources are decreasing with great heterogeneity
with regards to the different mediterranean regions.
Even if the desalination sector is still controversial,
it's an essential adaptation technology in face of wa-
ter scarcity contexts. However it implies significant
challenges. Also, the findings highlight a significant
space for sustainable development. Actually, these
ten scientific studies move beyond problem catalo-
ging to evidence based sustainability frameworks ap-
plying at different scales from international to local
areas. One key element to bear in mind is that desa-
lination is a complex socio-technical system that in-
tersects climate, economics, environment and social
equity. Therefore, each paper contributes to a critical
piece to sustainable implementation understanding
with relevant national focus.

Before entering into the complexity of the desalina-
tion production system and related socio-economic
contexts, it's important to confront the sector with
regional stakes and how the Mediterranean desali-
nation sector contributes to international standards.
The quantitative modelling and spatialized analysis
of Dr. Sari-Hassoun demonstrates the interconnec-
tion between desalination and SDG6 objectives in
face of environmental trade-offs. On the other hand,

B
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how desalination experts and water related experts
are experiencing the sector ? Their perceptions are
the baseline of the current opportunities and challen-
ges to address. Dr. Mohammed Assaf revealed that
such perceptions are significantly heterogeneous and
often country and site specifics, same for the solu-
tions, there is no universal or ideal solution to achieve
sustainable desalination. Therefore, through his actor
perceptions analysis, it reveals gaps between techni-
cal solutions and social acceptance. These potential
solutions have been also addressed in the third pa-
per by M. Firas Marsit which has demonstrated the
importance of regulatory frameworks in the potential
development of green solutions, tailored to the desa-
lination sector in the Mediterranean basin.

A central aspect of the scientific effort lies in econo-
mics. Desalination sustainability won't be achieved
without sustainable economic development models.
But concretely, what does it mean ? Economic drivers
of desalination must be tackled across the entire de-
salination lifecycle, considering not just GDP and wa-
ter prices, but demographics, energy costs, and water
demand. This statement is supported by the two first
papers proposed by Dr. Samir Maliki, Mourad Ker-
tous and their team of researchers. But the econo-
metrics analysis goes beyond this first core idea, the
desalination sector should trigger circular economy
transformation with other sectors in order to reduce
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socio-environmental and economic expenses. The
study proposed by Dr. Hadjer Boulila provides strong
evidence on how the desalination sector could benefit
from such circularity, in this case by exploring the in-
terconnection between desalination and agriculture.
The collective insight is clear, economic sustainability
for desalination requires integrated approaches that
go beyond classical cost-benefit analysis.

The desalination sector doesn’t operationalize in a
vacuum, it requires clear and declinable regulatory
frameworks and associated governance measures.
With her regulatory and spatial assessment for Alge-
ria, Dr. Najet Aroua reveals that there are clear gaps
between the desalination sector and spatial planning
and its urbanization tools, notably in coastal areas
where urbanization rates are the highest. Coastal
desalination must align with territorial planning. We
need integration into water management plans and
urban planning for all time horizons, with better re-
gulation of outfalls protecting marine ecosystems. On
the other hand, water resources management tools
such as the one proposed by Dr. Imad Eddine Bouznad
and his team should be further implemented Mediter-
ranean wide. They clearly demonstrate the potential
impacts on different Algeria water demand by 2050
when integrating unconventional water resources, at
provincial level. These quantitative scenarios show
strategic and sustainable integration potential for
desalination and wastewater reuse sectors in a more
pronounced water stress context.

Last but not least, the sector requires integrated
and innovative approaches such as the One Health
concept that has been applied to the sector in the stu-
dy proposed by Dr Maha El Mahdaoui. By applying the
groundbreaking ‘One Health’ concept to desalination
- systematically reviewing interconnected impacts
across human health, marine ecosystems, and tech-
nology, the findings reveal complex interdependencies
that traditional sectoral approaches miss entirely. On
top of these holistic visions, the socio-environmental
impacts must be apprehended. With the final study of
the report, Dr. Widad Metadjer proposes a composite
index that provides practical policy tools supporting
social equity and cross sector impacts. This study is
a starting point in the development and dissemination
of social equity assessment metrics, tailored to the
desalination sector.

The pathway forward requires moving from contro-
versy to collaboration—embedding these four pillars
into Mediterranean desalination practices. This tran-
sition demands:

e Policy Innovation: Regulatory frameworks that
integrate desalination planning with broader ter-
ritorial development strategies

e Technological Integration: Adoption of innovative
technologies including green hydrogen, advanced
brine management, and circular economic mo-
dels

e Stakeholder Engagement: Inclusive processes
that address social acceptability and ensure equi-
table access to desalination benefits

e Cross-border Collaboration: Regional ap-
proaches that leverage Mediterranean countries’
diverse experiences and contexts

The research presented in this volume demonstrates
that sustainable desalination can play a significant
role in Mediterranean water security strategies,
while acknowledging that implementation challen-
ges extend beyond technological considerations to
encompass governance, economic, and social di-
mensions. Rather than viewing desalination through
a controversial lens, the evidence suggests that in-
tegrated approaches combining innovation, regu-
latory alignment, and inclusive planning can create
pathways toward solutions that balance water secu-
rity with environmental stewardship.

While this collection establishes important analytical
foundations, it also reveals the need for continued
research and collaborative dialogue. Future inves-
tigations might explore long-term monitoring and
scaling-up of innovative technologies, cross-regional
comparative studies, and the development of adaptive
governance frameworks that can evolve with changing
Mediterranean contexts. The complexity of sustai-
nable desalination implementation calls for ongoing
partnership between researchers, policymakers, and
communities to refine approaches and share lessons
learned across the region.

The pathway toward sustainable desalination re-
mains a work in progress, requiring continued evi-
dence-based research, stakeholder engagement, and
adaptive management strategies that can respond
to the diverse and evolving needs of Mediterranean
countries.
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ANNEX

EXAMINING THE CONNECTIONS BETWEEN WATER RESOURCE SCAR-
CITY, DESALINATION AND CLIMATE CHANGE: A STUDY SUPPORTING
SDG 6 IMPLEMENTATION -SALAH EDDINE SARI HASSOUN, SEYF ED-
DINE BENBEKHTI, HADJER BOULILA

Table 4 demonstrates that, with the exception of LnSDGSC, none of these series exhibit a normal distri-
bution since their Jarque-Bera probabilities are less than 0.05. Additionally, the CSD of these variables is
confirmed by BP-LM and PCD.

Endogenous Variables LnSDG LnSDGW LnSDGS LnSDGFR LnSDGSC

66.124%%* 65.172%%* 60.197%** 13.29 1%+ 4578
(0) (0) (0) (0.001) (0.101)
2537.702%** 3483.296*** 1779.808*** 1017.728%**
BP-LM 1064.717%%* (Q) (0] o] (0) (0]
PCD 20.82%%* 10.116%** 17.465%%* -1.292 22.06%**
(0) (0) (0) (0.196) (0)
E\;‘:g::&‘f LnDSL LnFLK LnGHG LnGDP LnWUI
% % % * % % % % %
X2 457?02]0 29'9(315 7.358** (0.025) 26'8[3? 1185.746*** (0)
3100.493*** 1570.144%** 1986.316*** 362.136***
- ®k ok
BP-LM 2544.032%** (0) o] (0] 0] )
PCD 48.283*** 18.314%* 4.Th6** 23.308%** 10.534+**
(0) (0) (0) (0) (0)
TABLE 4
Normality and CSD test

Note: “***” **' " refer to the significance level at 1, 5 and 10%. [.] refers to probabilities.

The results of the panel unit-root test, also known as the CIPS test, are displayed in Table 5 following
confirmation of the data’s evidence of CSD. It shows that LnSDG, LnSDGSC and LnWUI are stationary at the
level with 1(0), while LnSDGS, LnSDGFR, LnDESAL, LnGHG and LnGDP are stationary at the first-difference
(first-order integrated) with 1{1], but LnSDGW and LnFLK are not stationary.
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without trend with trend
Zt-bar stat

Endo 3% without trend with trend
variables variables |  Zt-barstat |

oG W e @m0 g
d(LnSDG) e N dlnpEsa) - TOOE e
LnSDeW [[135221 [éggg] Non-sta- LnFLK -5.0[%?*** [-01120632] Non-statio-
w3 G0 wew G g
LnSDGS 0007 0994) " LnGHE 0910) 0201) o
e wory
LnSDGFR 0179) 0564) " LnGDP 0543) 0717} "
d(LnSDGFR) i e dILnGDP) R e
T T R S A
d(LnSDGSC) '9'8[%} - ‘7-?03]*** d(Lawull -11 .[2[3][]]*** -10,[3?***

Panel Unit-Root test (CIPS test)
Note: “***", "**' "*"refer to the significance level at 1, 5 and 10%. [.] refers to probabilities.

The model diagnostics for the fixed effect panel model are displayed in Table 6. The results indi-
cate that the residuals do not follow a normal distribution (x2), and there is CSD (BP-LM and PCD).
Additionally, the results show that slope heterogeneity exists throughout the model at the 1% level,
failing to provide adequate evidence of slope homogeneity (P-Y and B-W].

LnSDG LnSDGW LnSDGS LnSDGFR LnSDGSC

862.20*** 1369.43*** 1852.76*** 1262.22%** 676.576***

BP-LM (0) (0) (0) (0) (0)

PCD 5.045%** 0.738 3.217%%* -1.342 15.891%*x
(0) (0.46) (0.0013) (0.18) (0)

X2 909.96*** 4163.36%** 5.60* 3.30 105.849***
(0) (0) (0.06) (0.192) (0)

Py 12.434%** 13.1%%* 23.70%** 20.232%** 12.719%%x
(0) (0) (0) (0) (0)

B-W -3.471%xx -4 475** -4 421%xx -4.096*** -2.703**x

(0) (0) (0) (0) (0.007)

The model diagnostics of the fixed effect panel model
Note: “***”, **' *"refer to the significance level at 1, 5 and 10%. [.] refers to probabilities.



SUSTAINABILITY IN DESALINATION: ADDRESSING RISKS AND MITIGA-
TION STRATEGIES ACROSS THE MEDITERRANEAN REGION - MOHAM-
MED N. ASSAF

Annex 1 - Detailed Description of Suggested Adaptation Strategies

This annex provides an in-depth overview of the six adaptation strategies identified and evaluated in the
study. Each strategy includes a summary of its key components, technical measures, and relevance to miti-
gating specific environmental and social impacts associated with desalination activities in the Mediterranean
region.

1. Source Water Intake Mitigation

Source water intake mitigation strategies focus on minimizing environmental impact by implementing low
intake velocity and multi-size mesh screens to prevent organism entrainment. Intake systems are designed
with larger openings and mesh coverage, while offshore and underground intakes, including beach wells and
infiltration galleries, are encouraged to reduce ecosystem disruption. The use of power plant cooling water
as feedwater decreases land use and chemical requirements. Sensitive marine areas are avoided, and bar-
riers such as nets, velocity caps, and bypass systems control intake flow. Protective measures include sea-
ling techniques for aquifers, trench-covered pipelines, and optimized intake locations to prevent habitat dis-
turbance. Subsurface intake systems, such as infiltration galleries and vertical wells, reduce marine species
entrainment and chemical pretreatment needs, though their adoption is limited by cost and site feasibility.

2. Brine Discharge Mitigation

Brine discharge mitigation involves several key strategies to minimize environmental impact. Advanced brine
treatment techniques reduce waste volume, recover freshwater, and lower pollution, while biodegradable
and non-toxic chemicals help limit contamination. Reuse and recycling efforts focus on extracting valuable
minerals, salts, and freshwater from rejected brine. Multiport diffuser systems enhance dilution and control
salinity plumes, and Minimum/Zero Liquid Discharge technologies maximize water recovery while reducing
brine output. Optimal outfall locations prevent ecological disruption, and computational modeling tools im-
prove discharge design for effective diffusion. Additionally, green antiscalants and eco-friendly corrosion
inhibitors minimize chemical pollution.

3. Energy Use Mitigation

The mitigation strategy for Energy Efficiency and Decarbonization in desalination focuses on transitioning
to hybrid renewable energy systems (solar-thermal, wind, and wave-powered desalination) to reduce fossil
fuel dependency. It emphasizes energy recovery devices (ERDs) such as pressure exchangers and turbines
to lower energy consumption in reverse osmosis. Next-generation membranes (e.g., graphene oxide and
aquaporin-based) are proposed to enhance efficiency and reduce fouling. The integration of smart water
networks with loT sensors enables predictive maintenance and demand forecasting. Additionally, waste heat
recovery from power plants and industrial facilities is suggested to drive thermal desalination. High-efficien-
cy pumps, variable-speed systems, and optimized processes further contribute to reducing overall energy
demands and greenhouse gas emissions.

4. Site selection

The mitigation strategy for site selection emphasizes minimizing environmental and social impacts by prio-
ritizing locations that protect biodiversity, prevent groundwater contamination, and support effective brine
dilution. Key measures include selecting sites away from residential and coastal areas, ensuring proximity
to water distribution networks to reduce energy use, and assessing oceanographic conditions to limit marine
exposure to contaminants. The strategy also considers minimizing interference with recreational, commer-
cial, and conservation activities while ensuring ecosystems and sensitive species remain unaffected. Proper
pipeline sealing is recommended to prevent groundwater contamination, and sites should have sufficient
capacity to dilute and disperse brine effectively.
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5. Socio-Economic & Community-Based Mitigation Strategies

A comprehensive mitigation strategy for enhancing community acceptance of desalination projects includes
proactive engagement with local communities through awareness campaigns on freshwater access, job
creation, and sustainable desalination practices. Ensuring local employment opportunities via hiring and
training programs fosters economic benefits. Stakeholder consultations, including fishermen and poli-
cymakers, facilitate inclusive decision-making and address environmental concerns. Additionally, public
awareness initiatives and participatory governance promote transparency, while coastal livelihood com-
pensation programs, such as aquaculture and ecotourism, support affected fishing communities, ensuring
socio-economic resilience.

6. Integrated Water Resource Management

A comprehensive water security and integrated resource management strategy should complement de-
salination with sustainable practices. Key measures include coupling desalination with Managed Aquifer
Recharge (MAR] to store excess freshwater and prevent land subsidence, promoting decentralized and mo-
dular desalination plants to reduce environmental and energy impacts, and integrating water reuse through
wastewater recycling and stormwater harvesting. A circular water resource management approach invol-
ves combining desalination with treated wastewater reuse for irrigation and industry, aquifer recharge to
mitigate over-extraction, and rainwater harvesting for non-potable applications. Additionally, integrating
seawater desalination with wastewater reuse creates closed-loop water systems, while brine pre-treat-
ment using wastewater sludge helps reduce the environmental impact of desalination brine discharge.

Table A2. Relative weights of desalination impact sub-criteria across six Mediterranean countries (Spain,
Greece, Israel, Libya, Algeria, and Tunisia), as assessed by expert respondents. The table presents
country-level scores for each sub-impact under the six main impact categories



Desalination

Impacts Problems caused by Desalina- Relative weight
e tion Impact (sub-criteria)

-l EiGE, | Spain | Greece | Israel | Libya | Algeria | Tunisia |
Biod_iversity loss from.entr_ainment, 0.45 0.30 0.30 0.37 0.34 0.25
impingement, and brine discharge
Ha_bitat destruction due to hig_h sali- 0.11 0.20 0.20 0.36 0.22 0.37

Marine nity, temperature, and chemicals.
Ecosystem Disruption of marine food chains
D affecting fisheries and marine 0.06 0.10 0.05 0.11 0.1 0.16
amage ecosystems
Seabs_d pollution a_nd ir?creased 0.14 0.20 0.20 0.06 0.21 0.13
ioaccumulation risks
Seagrass loss impacts carbon se- 0.24 0.20 0.25  0.11 0.12 0.09
questration and marine habitats
Brine seepage contaminates
groundwater with high salinity and 0.24 0.33 0.43 0.75 0.45 0.60
chemicals.
Gml';r.'dl‘:’ater Over-extraction lowers water tables, 0.66 0.53 0.13 0.13 0.15 0.13
EL reducing freshwater availability. :
Soil degradation from increased 0.11 0.13 044 013 0.4 0.27
salinity, harming agriculture.
Increase_d turbidity and sedimgnt 0.30 0.17 017 0.29 0.2 0.62
suspension reduce water quality.
Water and Air Waste biomass from intake screens
Pollution pollutes marine waters. 0.46 0.17 0.17 0.24 0.2 0.08
Air pollution from desalination 0.23 0.67 0.67 047 0.6 0.31
emissions.
High energy demand increases 0.29 0.33 0.38 0.37 0.41 0.40
carbon footprint.
GHG emiss“”;iaaﬁ;i‘erate climate g 97 0.19 014  0.31 0.25 0.20
Energy and Waste heat disch | ffect tal
: : aste heat discharge affects coasta
Climate Risks environments. 0.21 0.19 0.19 0.11 0.15 0.10
Rising operational expenditures
(OPEX) due to energy-intensive 0.24 0.29 0.29 0.21 0.19 0.30
operations & carbon taxes
Bioaccumulation of heavy metals in 0.33 0.33 0.23 0.23 03 0.10
seafood.
Air pollution exposure affects respi-
Health Risks ratory health. 0.24 0.33 0.33 0.62 0.6 0.10
Chemical residues in desalinated
water raise long-term health 0.43 0.33 0.43 0.15 0.1 0.80
concerns.
Noise pollution aff_e_cting nearby 0.02 0.15 0.05 0.08 0.03 0.05
communities.
High Capital Expenditures (CAPEX)
for plant construction and in- 0.56 0.25 0.45 0.38 0.45 0.42
frastructure.
Social and Coastal tourism declines due to 0.02 0.11 0.09 0.6 0.03 0.05

. environmental degradation.
Economic Risks g

Fisheries loss from reduced fish
populations, causing unemployment 0.02 0.03 0.03 0.02 0.12 0.05
and need for social subsidies.

Need for substantial subsidies or
tariffs to keep desalinated water 0.39 0.37 0.37 0.46 0.36 0.42
affordable.

Normality and CSD test
Note: “**” ™**' " refer to the significance level at 1, 5 and 10%. [.] refers to probabilities.
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STRENGTHENING THE SUSTAINABILITY AND RESILIENCE OF THE
DESALINATION SECTOR IN THE MEDITERRANEAN - FIRAS MARSIT
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Figure.2 Economic feasibility to extract Boron, Lithium and other minerals from seawater.
Source: https://jbth.com.br/index.php/JBTH/article/view/418/354
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Figure.3 Energy consumption assessment of membrane-based desalination technologies.
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CAN DESALINATED WATER DRIVE AGRICULTURAL GROWTH IN
ALGERIA? A FEASIBILITY STUDY FOR ECONOMIC AND SUSTAI-
NABLE DEVELOPMENT - HADJER BOULILA, SEYF EDDINE BEN-
BEKHTI, SALAH EDDINE SARI HASSOUN

;-;:igure.M Symbolic Structure of the Environmentally Extended Social Accounting Matrix

-SAM) for Algeria, 2023
Source: by the authors

This symbolic SAM matrix illustrates the monetary and environmental interactions between pro-
duction activities, commodities, factors, institutions, and the environment in the Algerian economy.
An «X» marks the presence of a direct flow or transaction between accounts. The matrix integrates
environmental extensions for CO, emissions and brine discharge from desalination and manufactu-
ring. This theoretical version excludes numeric values to preserve confidentiality and support future

model reuse.
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Symbol | _Parameter / lasticity

w_L Real wage rate
r_K Return to capital
y_i Emission coefficient (CO,)
B_brine Brine discharge ratio
€_energy Energy use per m?
A_ag Labor intensity (agriculture)
Elasticity of substitution in
og_cC .
- consumption
S Elasticity of substitution
-P between factors
Price elasticity of water
n_d
demand
H Armington elasticity

CET export transformation
p elasticity

Model’s elasticities and parameters

Real labor income [in
million DZD per worker)

Rental rate of capital per
unit of capital stock

CO, tons per million DZD
of output (manufactu-
ring, desalination)

Volume of brine per unit
of desalinated water (m3/
m3)

kWh per cubic meter of
desalinated water

Jobs per million DZD of
agricultural output

Substitution between
commodities in CES
utility function

CES substitution
between capital and
labor in production

Elasticity of demand for
water in agriculture

Elasticity between
domestic and imported
goods

Elasticity of transforma-
tion between domestic
supply and exports

0.125

0.180

0.35 for the baseline SAM
and varies by scenario

1.1 for the baseline SAM and
varies by scenario

3.8 for the baseline SAM and
varies by scenario

4.75 for the baseline SAM

and varies by scenario

0.80

0.60

-0.40

Calibrated from labor
compensation / em-
ployment (EE-SAM)

Calibrated from Capital
income share from
EE-SAM

IEA (2023); Abdelbaki et
al. (2024)

Calculated based on
Plan Bleu observatory;
Martin-Gorriz et al.
(2020)

|IEA (2023); Martin-Gor-
riz et al. (2020)

Calibrated Employment
/ output ratio in agricul-
tural sector (EE-SAM)

Lofgren et al. (2002);
Devarajan & Go (2003)

GTAP (2020); standard
CGE calibration for
developing economies

Calzadilla et al. (2011);
Roe et al. (2005)

GTAP database; stan-
dard in CGE models

FAO (2022); GTAP
(2020); useful for CET
functions in agriculture
and manufacturing

Model Feature Closure Assumption

Investment-driven model (savings adjust to investment])

Macro Closure
Government Balance
External Balance
Labor Market
Capital Market
Production Technology
Price Numéraire

Model’s closure rules

Fixed government savings, flexible indirect tax rate

Real exchange rate adjusts to maintain fixed trade balance

Labor fully employed, flexible real wage

Sector-specific capital (short run); mobile in long run

Constant returns to scale; nested CES/CET functions

Consumer price index (CPI) fixed at 1



GOVERNANCE AND EXECUTIVE REGULATORY TOOLS FOR A MORE
SUSTAINABLE DESALINATION INDUSTRY IN ALGERIA - NAJET
AROUA
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Figure.1 Precipitation and natural zones [ANRH, 2015 and ANAT, 2004]
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Figure.2 Hydrographic Basins in Algeria [ANRH,2004)
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Deployment of SWDPs along the coastal zone in Algeria (according to the Ministry of Water Resources and Water
Security, and Plan Bleu, 2025).

TDS (mg/L) Water Quality Typical Uses

< 300

300-600
600-1000

1000-2000

2000-5000

> 5000

Excellent
Good
Fair
Poor

Very poor

Not recom-
mended for
human use

Drinking water (ideal), pharmaceutical use, sensitive industrial processes

Drinking water (acceptable), food processing, domestic use

Acceptable for drinking (taste may be affected), general irrigation

May be used for irrigation (with monitoring), livestock watering

tions

Limited agricultural use (salt-tolerant crops), some industrial applica-

Industrial processes only, requires treatment before other uses

Total Dissolved Solids (TDS) range and water quality (WHO, 2022, Guidelines for Drinking-water Quality)
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Location Nb of coastal Municipalities | Population (estimated A o_f S‘.NDP . SWDP.
. e i : . (drinking | (industrial
Wilaya) /total nb of municipalities supplied in 2020)
water) water)
Honaine 6872 137 1 -
TLEMCEN 08/53 Ghazaouet 42 911 177 2 -
Souk Thlata 3516 85 1 -
Arzew 108 319 71,90 3 4
ORAN 14/26 Bethioua 22 226 108,57 1 -
Oran 721 825 64,00 - 1
Ain Benian 75 739 16,00 3 -
Hammamet 26 582 8,54 2 -
Reghaia 94 685 27,25 1 -
ALGIERS 18/57 ) ;
Bordj el-Kifan 168 367 21,7 4 -
Staouali 52814 22,00 2 -
Hamma 75 206 2.18 1 ;
Anasser
SKIKDA 14/38 Skikda 202 567 52,00 4 2

Existing seawater desalination plants in the four wilayate case studies (Plan Bleu, MRESH and ANIREF, 2025)

Data Category Purpose of Use ?::tlzz: Expected Outcome

Location
(wilaya+municipality)
Distance to the sea Dis-
tance to the supplied area

Geo-location

Production capacity Specific data

Surface area Associated
treatment,
distribution, and
storage infrastructure

Size + nb of units

Operating duration and

Geospatial Analysis
and Distance Calcu-
lation

Calculation

Comparison with
standards

nland/offshore plants/distance to high-quality seawater
Coastal ecosystems at risk
Water use (domestic, tourism, industry) Nearby fragile
ecosystems/protected areas
Population and local water needs (various purpose)
Daily per capita water requirement and allocation» Esti-
mated transport distance and cost
Site selection criteria
Possibility to supply with locally available renewable
energy (electricity, sun, wind)
Operating natural conditions (climate, marine currents,
temperature, etc]
Nearby waste treatment plants
Nearby economic infrastructure ( petroleum terminal,
port, logistic network]

% needs covered
Contribution to the improvement of the water security
index

Modularity and flexibility of the SWDP Energy perfor-
mance and optimization

Online date b Calculation Estimated lifespan (20 to 25 years)
Operating process Comparison with Water quality / typical use
Employed technology Energy used (type and standards and data Environmental impact -risk management Discharges

volume)

Surface/groundwate r
Conventional/non-c
onventional resources

Primary water sup-
ply source

Application of Collected Data®

collected

(type and volume)

Estimated water demand satisfaction rate



/unhab/day
85

< 10 000 unhab

10 000 - 20 000 100
20 000 - 50 000 160
50 000 - 100 000 180

Per capita drinking water allocation
(according to the Ministry of Water Resources, 2004)

Specific purpose

Executive Decree N°07-206 of 30 June 2007 setting
the conditions and procedures for construction and
land use along the coastal strip, the occupation of
natural areas adjacent to beaches, and the extension
of non-aedificandi zones

Executive Decree N° 06-351 of 5 October 2006 setting
the conditions for the construction of new carriage
roads running parallel to the shoreline.

Executive Decree N° 09-88 of 17 February 2009 re-
lated to the designation of critical coastal zones

TABLE 6

Selected executive decrees governing the coastal zo

Activities are only allowed in a coastal strip extending 3 kilo-
metres inland from the shoreline. No activity is allowed in a
coastal strip extending 300 metres inland from the shoreline,

except of seaside touristic activities (Art. 9).

Any new paved road parallel to the sea should be previously
included into the master urban plan accompanied with an envi-
ronmental impact assessment study and must be maximum 08

meters wide (Art. 3).

The designation of critical coastal zones results from a specific
study of the local geomorphology and environmental characte-
ristics (Art. 2). This study includes the delineation of the coastal
study area, its general physical characteristics (pedology, geo-
morphology), the dominant wave patterns, shoreline dynamics,
pressures and causes of degradation, vulnerability assessment,
recommended protection measures, and proposed zoning (Art.

3).

ne management.

Nominal expec-

Municipality

Project name

Honaine
Ghazaouet
Tlemcen
Ghazaouet

Souk Thlata

Tlemcen-Honaine
Ghazaouet 1
Ghazaouet 2

Souk Tleta

Capacity (m?/d) Online date ted operational
lifespan*
200 000 XL 2012 2037
2500 M 2003 2029
2500 M 2004 2029
199848 XL 2010 2035

Seawater Desalination Plants in Coastal Municipalities-Wilaya of Tlemcen: Key Parameters

Municipality | Project name Main

customers

Online date

Capacity (m3/d)

Nominal
expected
operational

Arzew

Oran
Arzew
Arzew
Bethioua

Seawater Desalination Plants in Coastal Municipalities-Wilaya of Oran:

Municipalities

as drinking
Arzew IWPP water (TDS 88888 XL 2006
10ppm -
<1000ppm)
Arzew Id. 50 S 2010
Arzew Id. 1920 M 2002
Bethioua Id. 5000 M 2003

Key Parameters

lifespan*

2031

2035
2027
2028
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