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ABSTRACT This feasibility study examines the potential for developing geothermal energy resources in
Egypt, specifically targeting power generation and direct-use applications in the Gulf of Suez, Red Sea, and
Western Desert regions. Egypt’s geothermal resources are primarily low to medium enthalpy, with surface
temperatures ranging from 35°C to 76°C. In the Gulf of Suez, geothermal gradients of 45°C/km and heat flow
values of 120 mW/m? indicate the viability of small-scale binary cycle power plants. The Hammam Faraun
geothermal spring, in particular, shows an estimated geothermal reserve capacity of 12.4 MWt, highlighting its
potential for localized power generation. Quantitative analysis suggests that geothermal wells in the Western
Desert and thermal springs near Helwan (35-45°C) can be effectively used for direct-use applications, such as
district heating, greenhouse agriculture, and recreational facilities. Developing these resources could provide
an estimated 20-30 MWt of energy in the short term through pilot projects and small-scale installations.If
implemented, this project would contribute to Egypt’s sustainability goals, particularly in achieving affordable
and clean energy (SDG 7), climate action (SDG 13), and sustainable cities and communities (SDG 11). Utilizing
geothermal energy would reduce greenhouse gas emissions, enhance energy diversity, and create opportunities
for local economic growth, thus supporting Egypt’s transition to a more sustainable and resilient energy system.

KEYWORDS Geothermal Energy, Binary Cycle Power Plant, Renewable Energy, Sustainability, Sustainable

Development Goals (SDGs), Heat Flow, Energy Diversification, Climate Action.

I. INTRODUCTION

Egypt’s energy sector is heavily reliant on fossil fuels, which
constitute approximately 95% of its energy consumption,
raising concerns about energy security and environmental
sustainability [1]. To mitigate these issues, Egypt has sig-
nificant potential to transition to renewable energy sources,
particularly solar photovoltaic (PV) and wind energy, which
could reduce greenhouse gas emissions and enhance energy
security [2]. The International Renewable Energy Agency
(IRENA) recommends that Egypt targets 53% of its elec-
tricity from renewable technologies by 2030, necessitating
an additional investment of USD 16.4 billion beyond current
plans [3]-[7]. Ongoing investments of USD 10.4 billion in
renewable projects could bolster foreign reserves and lower
energy costs, contributing to economic stability [8]. However,
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socio-economic barriers, including political instability and
insufficient international climate funding, must be addressed
to facilitate this transition [9]-[11].

The feasibility of harnessing geothermal energy in Egypt,
particularly in the Gulf of Suez and Red Sea regions, is
supported by extensive geological assessments and thermal
modeling. Research indicates that the Central Eastern Desert
and Red Sea exhibit significant geothermal potential, with
temperature models revealing promising anomalies and high-
density zones that suggest effective heat transfer mecha-
nisms [12]. The hydrothermal potential in these areas could
generate substantial electricity, potentially producing around
75 MW over a 25-year lifespan [13]-[16]. Moreover, the
sustainable extraction of geothermal resources is viable due
to natural replenishment processes, provided that extraction
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rates are managed appropriately [17]. Integrating advanced
geothermal technologies and strategic policies could enhance
energy security and contribute to Egypt’s sustainability goals,
addressing energy and freshwater demands amid growing
population pressures [18]. Overall, these findings underscore
the importance of geothermal energy in reducing CO2 emis-
sions and supporting renewable energy initiatives in Egypt
[19]-[23].Egypt’s geothermal energy potential, particularly
in the Gulf of Suez, Red Sea area, and Western Desert, is
substantial due to favorable geological conditions and active
tectonic processes. The Gulf of Suez and Red Sea regions
exhibit high geothermal gradients, with values reaching up
to 45 °C/km and heat flow measurements as high as 175
mW/m?, indicating significant resources for power genera-
tion and direct-use applications [24]. The Red Sea’s thinner
oceanic crust enhances heat transfer, making it a prime area
for exploration [25]. In the Western Desert, geothermal re-
sources, although less explored, show promise near thermal
springs, with temperatures ranging from 35-45 °C suitable
for low-temperature applications [26]. Additionally, innova-
tive approaches, such as the Earth-to-Air Heat Exchanger
model, highlight the potential for geothermal energy in arid
regions like Egypt’s New Delta, emphasizing its viability for
sustainable agricultural practices [27]. Targeted exploration
and detailed assessments are essential to fully realize Egypt’s
geothermal potential [28].

This paper provides Assessment of Power Generation and
Direct-Use Applications in the Gulf of Suez, Red Sea, and
Western Desert Regions

Il. THEORETICAL BASIS

Egypt’s geothermal resources present significant opportuni-
ties for sustainable energy utilization, particularly in arid re-
gions like the New Delta, where innovative assessments have
identified optimal conditions for geothermal applications,
such as greenhouse heating and cooling through Earth-to-
Air Heat Exchangers (EAHE) [29]. The effectiveness of these
technologies hinges on the quality of geothermal resources,
which can vary based on temperature and chemical charac-
teristics, necessitating careful monitoring to mitigate poten-
tial environmental impacts [30]. Furthermore, the repurpos-
ing of abandoned oil and gas wells for geothermal energy
generation offers a promising avenue for enhancing energy
efficiency and reducing greenhouse gas emissions, aligning
with global sustainability goals [31]. Overall, the integration
of geothermal technologies in Egypt can yield substantial
economic and environmental benefits across various sectors,
provided that resource management is conducted responsi-
bly [32]. The development of geothermal energy in Egypt
presents substantial opportunities for economic growth and
resource sustainability, particularly in regions like the New
Delta, Hurghada-El Gouna, and Siwa Oasis. Studies indicate
that the New Delta region has significant geothermal poten-
tial for greenhouse applications, with effective cooling and
heating capacities demonstrated through innovative modeling
techniques [33]. Additionally, the Siwa Oasis, characterized
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by thermal springs and favorable geothermal gradients, offers
a viable solution for addressing fresh water shortages and en-
hancing agricultural productivity [34]. Furthermore, utilizing
abandoned oil and gas wells for geothermal energy extraction
can optimize resource use and reduce investment risks, with
potential outputs reaching up to 44.6 MW in the Gulf of Suez
[35]. Collectively, these findings underscore the necessity for
regional support and technological advancements to harness
geothermal energy effectively in Egypt. As shown in Fig. 1,
in the mining and operation of a geothermal energy system,
when the fluid flows through the surface pipe and under-
ground borehole heat exchanger, there is a specific resistance
in the surface pipe and underground borehole heat exchanger.
The fluid resistance in the underground borehole heat ex-
changer will gradually accumulate with the increase of the
length of the borehole heat exchanger. As a result, pumping
power increases, resulting in energy loss and affecting the
operation of the entire geothermal system.

lll. CHALLENGES AND RECOMMENDATIONS
The development of geothermal projects in Egypt is hindered
by a multifaceted array of challenges, including technical,
financial, regulatory, and market barriers. Financial con-
straints are particularly significant, as the high risks associ-
ated with exploration deter private investment, necessitating
government intervention through financial incentives and
supportive legal frameworks [37]. Additionally, the lack of
infrastructure in remote areas where geothermal resources are
located exacerbates these challenges, highlighting the need
for improved public services to support local communities.
Furthermore, social acceptance remains a critical issue, with
insufficient awareness and local political support impeding
project progress [38]. To address these obstacles, it is essen-
tial for the Egyptian government and companies to imple-
ment comprehensive policies that include training programs
to enhance local technical skills, thereby fostering a skilled
workforce capable of supporting geothermal development
[39]. The successful implementation of geothermal energy
projects in Egypt hinges on establishing a robust regulatory
framework and supportive policies that enhance financial and
technical feasibility. Governments can facilitate this through
various incentives such as feed-in tariffs, tax credits, and
risk insurance, which have proven effective in other countries
[40]-[42], [42]. Additionally, fostering local capabilities and
promoting international cooperation can significantly bolster
project viability, as evidenced by the socioeconomic benefits
observed in geothermal sectors globally, including job cre-
ation and local development opportunities [43]. Furthermore,
specific studies highlight Egypt’s geothermal potential, par-
ticularly in arid regions like the New Delta, where innovative
assessment methods have identified optimal conditions for
geothermal applications [44]. By integrating these strategies,
Egypt can position geothermal energy as a vital component
of its sustainable energy mix, aligning with broader environ-
mental and economic goals.

Future research is crucial for advancing the geothermal
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FIGURE 1. Schematic diagram of geothermal system operation [36]

energy sector in Egypt, particularly in enhancing technical
efficiency, resource identification, and assessing economic
and environmental feasibility. The integration of various
geothermal exploitation techniques, such as binary cycle and
flash geothermal systems, can optimize energy production
from Egypt’s geothermal resources, which remain largely
untapped [45]. Addressing geological and geophysical chal-
lenges, alongside technological hurdles, is essential for max-
imizing resource utilization [46]. Furthermore, Egypt’s com-
mitment to renewable energy is vital for meeting its grow-
ing energy demands sustainably, especially as fossil fuel
reserves dwindle. Evaluating the environmental, economic,
and social impacts of geothermal projects will help mitigate
opposition and enhance community acceptance [47]. A mul-
tidisciplinary approach to research, focusing on Enhanced
Geothermal Systems (EGS), is necessary to ensure the safety
and profitability of geothermal facilities, thereby supporting
Egypt’s transition to a sustainable energy future [48]-[50].

Similarly, another map is created and shown in Fig. 2 to
show the possible places for renewable energy sources in
Egypt. The aforementioned sites on the map have the highest
solar irradiance compared to other parts of Egypt, making
them the ideal places to install future solar plants (CSP &
PV), even though solar energy has the potential to be high
in many places in Egypt. Hydropower and bioenergy have
enormous potential in Northern Egypt’s Delta region, while
wind energy can be generated along the Mediterranean coast
in places like Sallum, Matruh, and Port Saied. Due to the
great potential of solar energy, the Gulf of Suez is regarded
as the greatest place in Egypt to get all of its energy from
renewable sources. Geothermal and wind sources. Although
it is not as concentrated as the Gulf of Suez region, southern
Egypt likewise has a lot of potential for solar, wind, and
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bioenergy. Because Egypt has a wide variety of renewable
energy sources, energy system analysis tools like Energy
PLAN, which enable thorough socioeconomic feasibility as-
sessments, can be used to compare possible energy systems
A similar analysis was conducted in Iran, which enabled the
development of five distinct energy systems that focused on
the underlying RE generation and efficiency improvements.
This should enable Egypt to implement an energy transition
from conventional to RE resources.

IV. ECONOMIC AND ENVIRONMENTAL ANALYSIS

A preliminary cost-benefit analysis of geothermal develop-
ment reveals significant regional variations influenced by
geological conditions, technological capabilities, and eco-
nomic frameworks. In sedimentary basins, geothermal sys-
tems demonstrate lower upfront investment costs and lever-
age existing oil and gas infrastructure, which can reduce
drilling and completion expenses, thus enhancing economic
viability [51]. Conversely, direct-use hydrothermal reservoirs
face marginal economic outputs often reliant on subsidies,
necessitating a balance between fault stability and net present
value (NPV) to ensure sustainable development [52]. In
East Africa, abundant geothermal resources present a unique
opportunity to mitigate energy poverty while supporting the
energy-water-food nexus, with models indicating substantial
socioeconomic benefits from geothermal projects [53]. Over-
all, while geothermal energy offers promising returns, its eco-
nomic feasibility is contingent upon regional characteristics
and supportive policy frameworks [54]-[56].

Environmental Impact Assessments (EIAs) play a crucial
role in identifying potential environmental benefits and risks
associated with development projects. They facilitate the
reduction of greenhouse gas emissions by evaluating alter-
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FIGURE 2. Egypt's map of the potential renewable energy locations [3]

native project designs and promoting sustainable practices,
thereby aligning with international environmental agree-
ments [57]. EIAs assess both positive and negative impacts,
considering ecological, social, and economic factors, which
helps in mitigating risks associated with human activities
that may harm the environment [58]. In the United States,
EIAs are mandated under the National Environmental Policy
Act (NEPA), ensuring that environmental considerations are
integrated into project planning [59]. However, challenges
persist, such as the need for comprehensive data analysis and
the potential for industrial activities to contribute to pollution
if not managed effectively [60]. Thus, while EIAs can signif-
icantly enhance environmental protection, their effectiveness
depends on rigorous implementation and continuous moni-
toring.

The geothermal project in Egypt significantly contributes
to the country’s sustainability goals, particularly in achieving
SDG 7 (Affordable and Clean Energy), SDG 13 (Climate
Action), and SDG 11 (Sustainable Cities and Communities).
By harnessing geothermal energy from regions like the Gulf
of Suez and the Red Sea, the project reduces reliance on fossil
fuels and lowers greenhouse gas emissions, thus promoting
cleaner energy access in underserved areas [61]. The geother-
mal potential in these regions is substantial, with studies
indicating significant geothermal gradients and heat flow,
which can support both electricity generation and direct-
use applications for agriculture and residential heating [62].
Furthermore, the project fosters local economic development
through job creation and enhances resilience in urban and
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rural communities by diversifying the energy mix and min-
imizing environmental impacts [63]. Overall, this initiative
aligns with Egypt’s climate strategies, making its energy sys-
tem more sustainable and self-sufficient. Future research and
development should focus on several key areas to validate
and expand upon existing findings across various fields. In
the realm of public sector auditing, studies should explore
the integration of artificial intelligence within continuous
auditing frameworks, emphasizing strategic policy recom-
mendations and methodologies for implementation. For un-
manned aerial vehicles (UAVs), research should investigate
advanced applications such as urban air mobility, ensuring
that guidance, navigation, and control systems evolve to
meet future demands. Additionally, identity theory warrants
further exploration, particularly regarding the interplay of so-
cial identities and their implications across different societal
levels. In urban finance, aligning fiscal and urban planning
systems is crucial, necessitating the development of transpar-
ent financing tools to support sustainable urban development
as outlined in the New Urban Agenda. Lastly, the aviation
sector must prioritize sustainable business models and digital
innovations to address environmental impacts, advocating
for collaborative efforts among government, industry, and
research organizations.

V. CONCLUSION

The studies collectively highlight Egypt’s significant geother-
mal potential across various regions, emphasizing the Central
Eastern Desert, New Delta, Siwa Oasis, and Abu Gharadig
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Basin. In the Central Eastern Desert and Red Sea, gravity and
magnetic inversion modeling revealed high-density zones
and elevated temperatures, indicating promising geothermal
resources, particularly influenced by the Red Sea’s geological
characteristics. The New Delta region demonstrated optimal
conditions for geothermal energy utilization in greenhouse
farming, with minimal temperature variation at depths suit-
able for Earth-to-Air Heat Exchanger systems. The Siwa
Oasis, characterized by thermal springs and a geothermal
gradient of 18 to 42 °C/km, presents substantial geothermal
energy potential for sustainable agriculture and water de-
salination. Additionally, the Abu Gharadig Basin’s analysis
indicated significant geothermal gradients and heat flow, cor-
relating basement rock characteristics with geothermal po-
tential. Overall, these findings underscore Egypt’s capacity to
harness geothermal energy for sustainable development. The
findings from the reviewed papers highlight several impli-
cations for energy policy, local economic development, and
investment in renewable energy. Renewable energy adoption,
particularly in rural areas, has demonstrated significant ben-
efits, including job creation and increased local tax revenues,
which can inform policies aimed at fostering economic diver-
sification. Additionally, community renewable energy (CRE)
projects emphasize the importance of tailoring policies to
address the unique motivations and needs of different demo-
graphic groups, thereby enhancing community engagement
and investment in renewable initiatives. The UK field trial il-
lustrates the effectiveness of community-oriented approaches
that align local energy supply and demand, suggesting that
such models can improve financial returns and sustainability
in energy transitions. Furthermore, local governments play
a crucial role in implementing sustainable energy solutions,
necessitating investments in infrastructure and planning tools
to overcome existing barriers to energy access. Collectively,
these insights advocate for comprehensive, localized policy
frameworks that support renewable energy adoption and eco-
nomic resilience.
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