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ABSTRACT 
Ensuring access to clean water, preserving water reserves, and meeting energy needs are funda-
mental for sustainability and a priority for global organizations like the UN and EU. The Mediterra-
nean, particularly Greece, faces severe water imbalances due to rising demand, prolonged 
droughts, and seasonal tourism pressure. This over-exploitation of water resources threatens ag-
riculture, employment, and regional sustainability. Addressing these challenges, this study ana-
lyzes the water-energy nexus in high-stress areas and develops an optimization model for sus-
tainable water resource management. The model integrates sectoral demands, energy consump-
tion, and seasonal variability to improve efficiency while balancing economic and environmental 
constraints. Additionally, it incorporates demand forecasting to align water use with ecosystem 
sustainability, reducing environmental impacts. By providing a systematic framework for decision-
makers, this research supports the development of long-term, resilient water management strat-
egies, ensuring efficient resource allocation in vulnerable regions. The findings will contribute to 
sustainable water policies and infrastructure planning. 
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1. INTRODUCTION 
Water is vital for human survival, socio-economic 

development, and ecological balance. However, global 
water scarcity is intensifying due to rising demand and 
the impacts of climate change. Approximately 844 million 
people currently lack access to safe drinking water, and 
nearly 2 billion live in areas of high water stress. By 2050, 
water demand is expected to rise by 30%, further strain-
ing resources and exacerbating challenges in already wa-
ter-stressed regions [1]. 

The Mediterranean region, home to over 500 million 
people, is particularly vulnerable to these challenges. Re-
newable water resources are estimated at 1,500 km³ an-
nually, but their distribution is highly uneven: 74% is avail-
able in the north, 21% in the east, and only 5% in the 
south. Agriculture, which accounts for over 65% of the 
region’s water withdrawals, is especially at risk from 
shortages, jeopardizing food security and economic sta-
bility [2]. In Greece, seasonal and geographic dynamics 
compound the issue. The influx of tourists during the 

summer months significantly increases water stress, par-
ticularly in island regions where reserves are already lim-
ited. Overexploitation of aquifers has led to the depletion 
of water reserves, with negative impacts on agriculture, 
biodiversity, and local economies. Reduced irrigation ca-
pacity has contributed to declining agricultural produc-
tivity and a shrinking workforce in the sector. These is-
sues are further exacerbated by climate change, which 
causes prolonged droughts, increased temperatures, and 
the salinization of freshwater sources, severely diminish-
ing the availability of potable water [2]. 

Another critical factor is the water-energy nexus, 
reflecting the interdependence between water and en-
ergy systems. Globally, water systems—including supply, 
treatment, distribution, and wastewater management—
consume approximately 7% of total electricity. Drinking 
water treatment requires energy inputs ranging from 0.4–
3 kWh/m³, while seawater desalination, increasingly re-
lied upon in arid regions, demands 3.9–4.3 kWh/m³, mak-
ing it one of the most energy-intensive processes. This 
interconnection highlights the need for integrated 
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strategies that address both water and energy demands 
efficiently [3]. 

Sustainable water management is essential for ad-
dressing these challenges. Optimization techniques like 
linear programming, mixed-integer programming, and 
dynamic simulations enhance resource allocation, reduce 
losses, and lower energy consumption. Studies show 
these models can cut leakage rates by up to 30% and 
achieve 15–20% energy savings in urban water systems 
[4]. Recognizing the urgency, the EU has prioritized wa-
ter optimization in its 2030 agenda, promoting smart 
management technologies like real-time monitoring to 
reduce inefficiencies and expand clean water access to 
70 million citizens [5]. These measures align with sustain-
ability goals and mitigate climate change impacts. 

This study explores advanced optimization tech-
niques to balance water resource allocation and energy 
consumption while adhering to sustainability goals. By in-
tegrating innovative tools and approaches, it aims to de-
liver actionable solutions for sustainable water manage-
ment, ensuring resilience and alignment with broader cli-
mate and development objectives. 

2. CURRENT SITUATION  

2.1. Global and economic impact of water 
scarcity 

Despite notable advancements in water manage-
ment technologies and infrastructure, water scarcity 
continues to be a pressing global challenge and is recog-
nized as one of the most critical risks for the coming dec-
ade. Globally, over 2 billion people are living in regions of 
high water stress, with projections indicating that this 
number will increase due to population growth, urbaniza-
tion, and climate change. Additionally, 1 billion people 
lack access to clean and safe drinking water, leading to 
significant health crises, including 3.4 million deaths an-
nually caused by water-related diseases [6]. 

Agriculture consumes over 80% of global freshwater 
resources, making it the most vulnerable sector to water 
shortages, especially in arid and semi-arid regions where 
irrigation is critical for food production [7]. Urbanization 
and industrial activities further exacerbate the strain on 
water availability, highlighting the urgent need for sus-
tainable water resource management. The financial re-
percussions of droughts, which often exacerbate water 
scarcity, are substantial. In the United States, annual 
drought damages are estimated between $2 billion and 
$6 billion, while in the European Union, these losses 
amount to approximately $3 billion annually [8]. These 
costs represent 0.05% to 0.1% of the GDP, though in par-
ticularly severe years, the economic burden can rise dra-
matically, impacting multiple sectors, including agricul-
ture, industry, and domestic water use [9]. 

2.2. Water scarcity in Mediterranean and Greece 
The Mediterranean region is home to over 500 mil-

lion people, with population growth and trends varying 
across the 24 countries in the area. Between 2008 and 
2018, the population increased by 11%, adding further 
strain to the region’s already limited water resources [1]. 
The annual water requirement in the Mediterranean, es-
timated to range between 500 and 1000 m³ per capita, 
has risen due to the combined pressures of population 
growth, urbanization, and the expansion of irrigated ag-
riculture [10]. Currently, the region is classified as “water-
poor,” with less than 1000 m³ of water available per per-
son annually. According to United Nations projections, 
this water scarcity will intensify, potentially affecting 250 
million people by 2040 [1]. 

Greece possesses a sufficient overall supply of wa-
ter resources; however, significant challenges remain in 
ensuring their efficient utilization and management. This 
is particularly true given the country’s distinct geograph-
ical features and climatic variability. Greece generates 
approximately 72 km³ of renewable freshwater annually, 
while its annual water consumption stands at about 9.5 
km³. Water consumption is also heavily influenced by 
land use patterns, with agriculture being the dominant 
user. Depending on the district, agricultural water usage 
ranges from 11% to 92%, with a national average of ap-
proximately 74% [11].  

3. WATER-ENERGY NEXUS 

3.1. The dynamic interdependence of the 
water-energy nexus 

Water and energy are intricately interconnected, 
forming a complex relationship that varies at local and re-
gional levels. Communities rely on water for a wide range 
of purposes, including residential, commercial, industrial, 
recreational, and agricultural activities. In urban water 
systems specifically, energy plays a critical role in every 
stage of the water management cycle, from intake and 
purification to transmission, distribution, sewage collec-
tion, treatment, recycling, and discharge back into natu-
ral waterways. This interdependence becomes even 
more evident as an increase in water demand directly 
drives a required to manage these resources efficiently 
[12]. 

For instance, one study [13] highlighted that 
groundwater abstraction for drinking water requires sig-
nificantly higher energy consumption compared to sur-
face water abstraction, demonstrating the energy de-
mands of different water sources. Similarly, research [14] 
in Germany found that reducing fossil fuel production 
contributed to alleviating water stress, emphasizing the 
interconnection between energy policies and water re-
sources. The importance of minimizing energy use in 
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water and wastewater treatment systems has also been 
underscored [15], as this can yield substantial environ-
mental and economic benefits. Furthermore, factors such 
as water use patterns, topography, climate, and opera-
tional efficiencies significantly influence energy intensi-
ties in water purification processes, highlighting the need 
for tailored strategies to optimize energy use in specific 
contexts[16]. 

3.2. Navigating challenges and innovations in 
the water-energy nexus 

The intricate balance between water and energy re-
sources presents significant challenges that are often 
compounded by trade-offs inherent in their interdepend-
ence. For instance, desalination, a vital water source in 
arid regions, is highly energy-intensive, raising concerns 
about its environmental and economic sustainability, es-
pecially in energy-scarce areas. Similarly, thermoelectric 
power generation, which relies heavily on water for cool-
ing, is vulnerable to water shortages, particularly in re-
gions experiencing droughts or increased competition for 
water resources. These examples illustrate how actions 
to secure one resource can inadvertently strain the other, 
emphasizing the need for integrated and sustainable ap-
proaches to resource management [17]. 

To address these challenges, technological innova-
tions offer promising solutions. Advances in energy-effi-
cient desalination technologies, such as reverse osmosis 
membranes with enhanced permeability and durability, 
are helping to reduce the energy footprint of water pro-
duction. Similarly, adopting renewable energy sources, 
such as solar and wind power, for water management 
processes like pumping, desalination, and wastewater 
treatment significantly mitigates the reliance on fossil 
fuels, thereby reducing greenhouse gas emissions. Addi-
tionally, smart water systems that incorporate IoT and big 
data analytics enable real-time monitoring and optimiza-
tion of water distribution networks, minimizing energy 
losses and improving overall efficiency [18, 19]. 

4. OPTIMISATION 

4.1. Optimising water supply systems within 
the water-energy nexus 

Efficient design, management, and planning of wa-
ter supply systems with a focus on the water-energy 
nexus can preserve resources and reduce avoidable 
costs in investments, operations, and management. 
However, optimization challenges in this nexus have pri-
marily been addressed from either a water or energy per-
spective, with limited studies focusing on their simulta-
neous optimization [20, 21]. 

To bridge these gaps, recent research emphasizes 
integrative frameworks for dual optimization of water and 
energy. Multi-objective models have been developed to 

minimize costs, improve resource efficiency, and mitigate 
environmental impacts, enabling decision-makers to op-
timize both systems concurrently and achieve a more 
sustainable and resilient nexus [22, 23]. 

One notable strategy is the application of mixed-in-
teger linear programming (MILP) and graphical methods 
to identify optimal solutions. MILP-based models provide 
precision and adaptability, accommodating complex in-
terdependencies between water supply systems and en-
ergy demands. Similarly, graphical optimization tech-
niques, such as composite curves, visually represent re-
source flows and help pinpoint the minimum water and 
energy requirements for a given demand, as demon-
strated in case studies like Spain's water-energy nexus 
[23]. 

4.2. Integrated approaches, challenges and future 
directions 

Integrated approaches are particularly effective in 
urban areas, where centralized and decentralized sys-
tems coexist. Platforms like resilience.io employ agent-
based modeling to simulate the spatiotemporal dynamics 
of resource demand and supply [22]. These simulations 
facilitate informed planning by considering factors such 
as demographic changes, urbanization, and renewable 
energy integration. Moreover, technological innovations 
play a vital role in optimizing the water-energy nexus. Re-
newable energy-powered water treatment facilities and 
decentralized systems have emerged as promising solu-
tions to address resource constraints. For instance, inte-
grating solar-powered desalination systems can signifi-
cantly reduce energy consumption in water-scarce re-
gions [23]. Despite progress, several challenges remain 
in advancing nexus optimization. Key issues include the 
lack of comprehensive datasets, computational limita-
tions in large-scale models, and the need to account for 
uncertainties such as climate variability and fluctuating 
resource demands. Future research should prioritize sev-
eral key areas to advance understanding and practical 
solutions within the water-energy nexus. First, there is a 
pressing need to develop adaptive and scalable models 
that incorporate stochastic variables and scenario-based 
analyses, allowing for more accurate predictions and bet-
ter handling of uncertainties. Second, improving data 
availability and quality is crucial to enhance the accuracy 
of models and support informed decision-making pro-
cesses. High-resolution, reliable data can help identify 
trends, assess resource dependencies, and tailor solu-
tions to specific contexts [24, 25]. 

5. MATHEMATICAL MODEL 

5.1. Description 
Water resource management in Greece faces signif-

icant challenges, especially in regions heavily influenced 
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by tourism. Seasonal peaks during the summer tourist 
season create high water demand, intensifying the strain 
on limited water supplies. Furthermore, water extraction 
and distribution systems are energy-intensive, adding an 
additional layer of complexity due to environmental and 
economic considerations. As a result, a strategic ap-
proach is required to ensure the efficient and sustainable 
use of available resources. 

To address these challenges, this study presents a 
linear optimization model designed to optimize water re-
source allocation while balancing costs, energy con-
sumption, and environmental sustainability. The model 
integrates sectoral water demands, energy consumption, 
and seasonal variability to achieve a cost-effective and 
sustainable solution. Specifically, it is tailored for applica-
tion in Greece, where water scarcity, tourism-driven sea-
sonal demand, and high energy costs create significant 
management challenges. Regions such as the Greek is-
lands (e.g., Crete, Cyclades) and mainland agricultural 
zones (e.g., Thessaly) serve as potential case studies for 
validating the model’s effectiveness in optimizing water 
allocation and energy use. 

The optimization model aims to minimize the total 
cost of water allocation, taking into account the direct 
costs of sourcing and distributing water, as well as the 
energy costs incurred during extraction and distribution. 
By applying this approach, the model provides a system-
atic framework for improving water management in high-
demand regions, ensuring long-term sustainability while 
addressing socio-economic and environmental con-
straints. 

The objective function is mathematically expressed 
as: 

  
𝑍𝑍 = ∑ ∑ ∑ �𝐶𝐶𝑖𝑖,𝑗𝑗𝑡𝑡 ∗ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 +  𝐸𝐸𝑖𝑖 ∗ 𝑃𝑃𝑖𝑖 ∗ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 �𝑚𝑚

𝑗𝑗=1
𝑛𝑛
𝑖𝑖=1𝑡𝑡=1   (1)                    

 Where: 

 Z: total cost to minimize 

 t: index of the time periods (peak, off-season) 

 i: index of water sources (i=1,…,n) 

 j: index of water demand sectors (j=1,…,m) 

 𝐶𝐶𝑖𝑖,𝑗𝑗𝑡𝑡  : cost per unit of water ($/m³) from source i for 
sector j in season t 

 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 : volume of water allocated (m³) from source i 
to sector j in season t 

 Ei: energy intensity of water source i (kWh/m³) 

 Pi: energy cost for source i ($/kWh) 

This function ensures that the water sourcing and 
energy costs are optimized over all sources, sectors, and 
seasons. In this model, t represents different time 

periods, specifically seasonal variations (e.g., peak and 
off-season demand). Thus, the total cost Z reflects the 
overall annual expenditure for water allocation and en-
ergy use, ensuring cost-effective and sustainable water 
distribution throughout the year. 

5.2. Constraints 

5.2.1. Water availability constraint 
The total water extracted from each source i during 

season t cannot exceed its seasonal availability𝑊𝑊𝑖𝑖
𝑡𝑡, which 

is influenced by natural recharge rates, legal extraction 
limits, and infrastructure capacity. In Greece, the touristic 
season significantly amplifies water demand, especially 
in island regions and coastal areas. This seasonal surge 
often coincides with lower rainfall periods, intensifying 
stress on local water resources. The constraint ensures 
that extraction levels remain sustainable, balancing the 
needs of permanent residents and seasonal visitors with-
out compromising long-term water availability. Planning 
for peak tourist seasons is critical to preventing overex-
ploitation and ensuring sufficient reserves for off-peak 
periods. 

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡𝑚𝑚
𝑗𝑗=1  ≤  𝑊𝑊𝑖𝑖

𝑡𝑡, ∀ 𝑖𝑖, 𝑡𝑡     (2) 

5.2.2. Sectoral demand constraint 
The total water allocated to each sector j during 

season t must at least meet its dynamic seasonal de-
mand𝐷𝐷𝑗𝑗𝑡𝑡. This demand is driven by factors such as peak 
tourist influx, crop-specific irrigation needs, and domes-
tic water consumption. By ensuring sectoral demands are 
met, this constraint supports economic activities, such as 
agriculture and tourism, while safeguarding basic human 
needs. It also accounts for sector-specific priorities dur-
ing water shortages; ensuring essential services like 
healthcare or food production are not compromised.  

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 ≥  𝐷𝐷𝑗𝑗𝑡𝑡  , ∀𝑛𝑛
𝑖𝑖=1  𝑗𝑗, 𝑡𝑡     (3) 

5.2.3. Energy sustainability constraint 
The total energy required for water extraction and 

distribution must not exceed the allowable energy 
threshold Emax. This includes energy from renewable and 
non-renewable sources, factoring in energy efficiency 
and carbon reduction strategies. Energy sustainability is 
critical to managing the water-energy nexus, reducing 
operational costs, and achieving climate goals.  

∑ ∑ ∑ �𝐸𝐸𝑖𝑖 ∗ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 � ≤  𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚  𝑚𝑚
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1𝑡𝑡=1    (4) 

5.2.4. Environmental sustainability constraint 
The environmental impact of water sourcing, ex-

pressed as Ii, must remain within acceptable ecological 
limits Imax. The coefficient Ii represents the environmental 
impact per cubic meter of water extracted from source i. 
It can be measured in terms of greenhouse gas emissions 
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(kg CO₂/m³), water quality degradation (e.g., pollutant 
levels per m³), or ecosystem disturbance (e.g., ground-
water depletion rates). By enforcing this constraint, the 
model ensures that water sourcing remains within eco-
logically sustainable limits.. Adherence to this constraint 
helps minimize the degradation of natural habitats, en-
sure compliance with environmental regulations, and 
maintain biodiversity.  

∑ ∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡 ∗ 𝐼𝐼𝑖𝑖 ≤  𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚  , ∀𝑖𝑖𝑚𝑚
𝑗𝑗=1𝑡𝑡=1     (5) 

5.2.5. Infrastructure capacity constraint 
Each water source has an infrastructure capacity (Fi) 

limiting the maximum water that can be extracted during 
season t. This constraint considers the physical limits of 
pumps, pipelines, and storage facilities, as well as 
maintenance schedules and potential downtime. By en-
forcing these limits, the constraint prevents overloading 
of infrastructure and ensures its longevity. It also empha-
sizes the importance of planned infrastructure upgrades 
to accommodate future water demands without jeopard-
izing system reliability. 

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡𝑚𝑚
𝑗𝑗=1 ≤  𝐹𝐹𝑖𝑖 , ∀ 𝑖𝑖, 𝑡𝑡     (6) 

5.2.6. Non- negativity constraint 
The non-negativity constraint ensures that all deci-

sion variables in the optimization model take non-nega-
tive values. In the context of water resource manage-
ment, this constraint guarantees that the volume of water 
allocated from each source to each sector remains phys-
ically meaningful and prevents unrealistic negative values 
in calculations. 

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑡𝑡𝑚𝑚
𝑗𝑗=1 ≤  𝐹𝐹𝑖𝑖 , ∀ 𝑖𝑖, 𝑡𝑡     (7) 

6. CONCLUSIONS AND FUTURE STEPS 

6.1. Conclusions 
This study presents an integrated optimization 

model for sustainable water resource management, ad-
dressing water scarcity challenges in regions like Greece 
and the Mediterranean. Seasonal demand fluctuations, 
climate change, and rising energy costs for water extrac-
tion and distribution intensify these issues. By analyzing 
the water-energy nexus, this research highlights the in-
terdependencies between water availability, energy use, 
and economic sustainability, emphasizing the need for 
multi-objective resource management. 

The model enhances water allocation efficiency 
while balancing economic, energy, and environmental 
factors. It considers sectoral demand variations, infra-
structure constraints, and future consumption trends, 
ensuring resilient and adaptive distribution. Using multi-
objective optimization, it maximizes resource efficiency, 
reduces losses, and promotes equitable distribution. 

Integrating renewable energy sources such as solar de-
salination and wind-assisted distribution can further en-
hance sustainability and reduce operational costs. 

While this study primarily focuses on the model’s 
formulation and theoretical framework, future research 
will focus on applying the model to real-world case stud-
ies. The next steps involve validating its effectiveness 
using data from Greek regions with high seasonal water 
demand, such as Aegean Islands. This practical applica-
tion will allow for a detailed assessment of the model’s 
performance in optimizing water allocation and minimiz-
ing environmental impact. 

Future research should strengthen the water-en-
ergy nexus, embedding energy-efficient technologies 
like smart grids and wastewater recycling into water sys-
tems. Sectoral prioritization must be improved to ensure 
schools, hospitals, and homes receive priority during 
scarcity, supported by real-time data analytics. Ad-
vances in machine learning and AI-driven forecasting will 
improve demand predictions, while climate-resilient 
strategies and early warning systems will enhance pre-
paredness. Expanding hybrid renewable energy solutions 
will further mitigate reliance on fossil fuels. By integrating 
these innovations, water-energy optimization can en-
hance resilience, sustainability, and socio-economic sta-
bility in water-stressed regions. 

ACKNOWLEDGEMENTS 
This research has been funded under the invest-

ment support action "Flagship actions in interdisciplinary 
scientific areas with a special interest in the connection 
with the productive tissue" / Emblematic Action of Green 
Islands in the framework of the circular economy 
(NHSOS) – TAEDR-0537029. The action is implemented 
within the framework of the National Recovery and Resil-
ience Plan Greece 2.0 with funding from the European 
Union - NextGenerationEU. 

REFERENCES 
1. Vinci, G., Maddaloni, L., Mancini, L., Prencipe, S. A., 

Ruggeri, M., & Tiradritti, M. (2021). The health of 
the water planet: Challenges and opportunities in 
the mediterranean area. An overview. Earth, 2(4), 
894-919. 

2. Sorlini, S., Rondi, L., Pollmann Gomez, A., & 
Collivignarelli, C. (2015). Appropriate technologies 
for drinking water treatment in Mediterranean 
countries. Environmental Engineering & 
Management Journal (EEMJ), 14(7). 

3. Subramani, A., Badruzzaman, M., Oppenheimer, J., 
& Jacangelo, J. G. (2011). Energy minimization 
strategies and renewable energy utilization for 
desalination: a review. Water research, 45(5), 



 

Zaroula et al. / LAPSE:2025.0488 Syst Control Trans 4:2088-2093 (2025) 2093  

1907-1920. 
4. Ahmad, S., Jia, H., Chen, Z., Li, Q., & Xu, C. (2020). 

Water-energy nexus and energy efficiency: A 
systematic analysis of urban water systems. 
Renewable and Sustainable Energy Reviews, 134 

5. Taylor, P. (2013). National Stakeholder 
Consultations on Water: Supporting the Post-2015 
Development Agenda. The Post-2015 Water 
Thematic Consultation. 

6. WWAP (UNESCO World Water Assessment 
Programme). The United Nations World Water 
Development Report 2019: Leaving No One Behind; 
UNESCO: Paris, France, 2020. 

7. Dalezios, N. R., Angelakis, A. N., & Eslamian, S. 
(2018). Water scarcity management: part 1: 
methodological framework. International Journal of 
Global Environmental Issues, 17(1), 1-40. 

8. Europea, C. (2007) Addressing the challenge of 
water scarcity and droughts in the European Union. 
Commu- nication from the Commission to the 
European Parliament & the Council, COM (2007), 
414. 

9. Kirby, M., Bark, R., Connor, J., Qureshi, M. E., & 
Keyworth, S. (2014). Sustainable irrigation: How did 
irrigated agriculture in Australia's Murray–Darling 
Basin adapt in the Millennium Drought?. Agricultural 
Water Management, 145, 154-162. 

10. Rossano, C., Milstein, A., Nuccio, C., Tamburini, E., 
& Scapini, F. (2020). Variables affecting the 
plankton network in Mediterranean ports. Marine 
Pollution Bulletin, 158, 111362. 

11. Panagopoulos, A., & Giannika, V. (2023). Study on 
the water resources and the opportunities for 
sustainable desalination & minimal/zero liquid 
discharge (MLD/ZLD) practices in Greece (Eastern 
Mediterranean). Sustainable Water Resources 
Management, 9(4), 106. 

12. Rezaei Kalvani, S., & Celico, F. (2024). Analysis of 
Pros and Cons in Using the Water–Energy–Food 
Nexus Approach to Assess Resource Security: A 
Review. Sustainability, 16(7), 2605. 

13. Lechón, Y., De La Rúa, C., & Cabal, H. (2018). 
Impacts of decarbonisation on the water-energy-
land (WEL) nexus: a case study of the spanish 
electricity sector. Energies, 11(5), 1203. 

14. Heinrichs, H. U., Mourao, Z., Venghaus, S., Konadu, 
D., Gillessen, B., Vögele, S., Linssen J.,  Allwood 
J.,Kuckshinrichs W., Robinius M., Stolten D. (2021). 
Analysing the water and land system impacts of 
Germany's future energy system. Renewable and 
Sustainable Energy Reviews, 150, 111469. 

15. Gude, V. G. (2015). Energy and water autarky of 
wastewater treatment and power generation 
systems. Renewable and sustainable energy 
reviews, 45, 52-68. 

16. ] Lam, K. L., Kenway, S. J., & Lant, P. A. (2017). 
Energy use for water provision in cities. Journal of 
cleaner production, 143, 699-709. 

17. Fan, J. L., Kong, L. S., Wang, H., & Zhang, X. (2019). 
A water-energy nexus review from the perspective 
of urban metabolism. Ecological modelling, 392  

18. Aivazidou, E., Banias, G., Lampridi, M., Vasileiadis, 
G., Anagnostis, A., Papageorgiou, E., & Bochtis, D. 
(2021). Smart technologies for sustainable water 
management: An urban analysis. Sustainability, 
13(24), 13940. 

19. Ahmed, F. E., Khalil, A., & Hilal, N. (2021). Emerging 
desalination technologies: Current status, 
challenges and future trends. Desalination, 
517Santhosh, A., Farid, A. M., & Youcef-Toumi, K. 
(2014). Real-time economic dispatch for the supply 
side of the energy-water nexus. Applied Energy 
122, 42-52. 

20. Santhosh, A., Farid, A. M., & Youcef-Toumi, K. 
(2014). The impact of storage facility capacity and 
ramping capabilities on the supply side economic 
dispatch of the energy–water nexus. Energy, 66. 

21. Wang, X., van Dam, K. H., Triantafyllidis, C., 
Koppelaar, R. H., & Shah, N. (2019). Energy-water 
nexus design and operation towards the 
sustainable development goals. Computers & 
Chemical Engineering, 124, 162-171. 

22. Prabhakar, S., & Bandyopadhyay, S. (2023). 
Graphical Optimisation of Supplying Water and 
Energy in a Water-Energy Nexus System. Chemical 
Engineering Transactions, 103, 307-312. 

23. Ghassemi, A., & Scott, M. J. (2021). A mathematical 
approach to improve energy-water nexus reliability 
using a novel multi-stage adjustable fuzzy robust 
approach. In Progress in Intelligent Decision 
Science: Proceeding of IDS 2020 (pp. 115-123). 
Springer International Publishing. 

24. Ghassemi, A., & Scott, M. J. (2021). A mathematical 
approach to improve energy-water nexus reliability 
using a novel multi-stage adjustable fuzzy robust 
approach. In Progress in Intelligent Decision 
Science: Proceeding of IDS 2020 (pp. 115-123). 
Springer International Publishing. 

© 2025 by the authors. Licensed to PSEcommunity.org and PSE 
Press. This is an open access article under the creative com-
mons CC-BY-SA licensing terms. Credit must be given to creator 
and adaptations must be shared under the same terms. See 
https://creativecommons.org/licenses/by-sa/4.0/  

 


