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Abstract 

The urbanization of cities, the corroding of green areas, and the increasing demand 
for electric energy lead to the formation of heat islands in cities and the appearance 
of the global climate change phenomenon.

Therefore, it was necessary to resort to the use of renewable energy sources, such 
as geothermal energy, to be used in different applications, as it can be used to cool 
buildings in cities during the summer.

This research deals with the benefits of using geothermal energy systems, their differ-
ent types, and the possibility of their application in Egypt. Also discussing the effective-
ness of the vertical closed geothermal system in residential buildings in Alexandria 
Governorate in Egypt to reach an answer to a question.

The effectiveness of the geothermal energy system in residential buildings is to reduce 
the problem of rising temperatures, energy consumption for cooling, and carbon 
emissions and thus reduce the problem of the formation of heat islands in cities 
and the appearance of the global climate change phenomenon and reaching a sus-
tainable, environmentally friendly building that achieves thermal comfort for humans 
through the use of a simulation program called TRNSYS-17, through which the current 
situation of the building was compared and the addition of a vertical closed geother-
mal system was assumed, the extent of its effectiveness was compared in the whole 
building, and the cost of a vertical closed geothermal system and a traditional air 
conditioning system (HVAC) in a building was compared (case study).

Hence, the efficiency of the vertical closed geothermal system appeared to reduce 
electric energy consumption and carbon emissions in the whole building at Alexan-
dria in Egypt, especially the ground floor, which reached thermal comfort for humans 
and worked to reduce electricity consumption and carbon emissions by up to 22.93% 
in the building as a whole.
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Introduction
Most countries around the world are targeting “renewable sources” as a future govern-
mental initiative, especially developed countries, to reduce energy consumption and 
carbon emissions to limit the increase in global temperatures caused by the intensity 
of human activity, the absence of vegetation, the abundance of impermeable surfaces in 
cities, and increased energy consumption for cooling and heating [1], which causes an 
increase in the effects of both urban heat islands in cities (UHI), global warming, and 
global climate change. Therefore, climate change and energy supply are considered the 
two biggest challenges facing the world today [2].

Since one of the main reasons for the increase in energy consumption in Middle East-
ern countries is cooling buildings due to population growth, industrialization, and the 
hot climate, more than a third of the energy consumed in buildings is spent on cool-
ing systems [3]. So, it was necessary to turn to renewable energy sources such as solar 
energy, wind energy, and geothermal energy to provide energy without depleting tradi-
tional energy sources and without any negative impact on the environment at the lowest 
costs.

Geothermal systems in buildings are especially characterized by their many long-term 
environmental and economic benefits compared to other renewable energy sources, so 
the use of geothermal energy systems to heat and cool buildings has been evaluated and 
applied in many countries, such as the USA, the UK, the Kingdom of Saudi Arabia, and 
India, without testing it widely in countries with tropical and subtropical climates, Mid-
dle Eastern countries, and Egypt.

Although these countries are facing many problems related to energy efficiency, there 
is an increasing demand for it, and there is an increase in carbon and heat gas emissions. 
For example, in Egypt, we notice an increase in the rate of electrical energy consump-
tion to cool buildings, which is responsible for 26% of the total consumption of electrical 
energy in buildings and 62% of the total consumption of electricity in cities [4].

However, renewable energy sources have not been sufficiently exploited, and only a 
few researchers have been interested in exploiting it in cooling buildings in this country.

Also, the use of geothermal energy in heating commercial buildings was investigated, 
and the environmental and economic efficiency of it was studied, but no attention 
was paid to residential buildings, although it is considered the second most important 
human need and is considered one of the most energy-consuming and carbon-emitting 
sectors in cities [5]. They also contribute to forming the largest part of the city’s area. 
The amount of carbon emissions resulting from it is large compared to the rest of the 
sectors.

Hence, the research aims to study the effectiveness of applying thermal energy systems 
to cool residential buildings in Egypt, evaluate it environmentally and economically, 
and propose it as a practical solution. It contributes to solving environmental prob-
lems resulting from climate change, heat islands, and increasing energy consumption 
for cooling in residential buildings by evaluating the effectiveness of the vertical closed 
geothermal system and determining its impact on reducing electrical energy consump-
tion, reducing carbon emissions, and achieving thermal comfort for humans to ensure 
its efficiency in reducing the island effect and thermal insulation in residential buildings 
in Egypt.
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This is done by selecting an existing residential building in Egypt, analyzing its current 
situation using the simulation program TRNSYS-17 and comparing the current situa-
tion with the assumption of adding a vertical closed geothermal system to the building 
in order to determine which is more efficient in reducing electric energy consumption, 
reducing carbon emissions, and accessing the thermal comfort of the person in the 
building and to determine if this system is useful and economical for its use in Egypt or 
if it is necessary to resort to other better solutions. Then, it evaluates its role in reduc-
ing the negative effects of heat islands and climate change on the Egyptian residential 
environment.

Geothermal systems in buildings
There are many geothermal systems that can be applied to heat and cool buildings, 
which differ from each other in design, implementation method, drilling method, pipe 
thickness, etc., so they can be divided into two different categories: surface geothermal 
systems with open loops and surface geothermal systems with closed loops (vertical, 
horizontal, submerged in a pond or lake, with geothermal substrates) [6], which is con-
sidered the most common system because it is the easiest and cheapest ground loop to 
install [6]. There is a new system that was issued recently, and it is a combination of 
renewable energy and geothermal energy and is considered one of the most efficient sys-
tems [7], as shown in Table 1.

Benefits of using surface geothermal systems in buildings
According to previous studies, the use of geothermal systems in buildings provides many 
benefits at all environmental, economic, health, psychological, social, and esthetic lev-
els that accrue to the user, the city, and thus the world as a whole [8]. It saves energy 
and reduces pollution. In Table 2, there is a brief explanation of those benefits and their 
impact on all levels [9].

Therefore, the research will study the effectiveness of this system and its application in 
Egypt to benefit from these environmental, health, and economic benefits by identifying 
the potential of geothermal energy in Egypt and applying one of its systems there.

The potential of geothermal energy in Egypt
As a result of many studies and analyses that were carried out in Egypt by many 
researchers, the various geothermal energy resources in it were evaluated through the 
analysis based on geographic information systems for many places and the analysis of 
the geothermal characteristics of the Bahariya Oasis, the Western Desert, and the study 
of geothermal energy around the Red Sea. In addition, the Gulf of Suez uses magnetic 
methods [6].

Egypt appeared to have a relatively low estimated content of about 251 billion US dol-
lars, consisting of 15 hot springs and 52 thermal wells located along the Gulf of Suez, the 
Red Sea, and the Western Desert, which differ from each other in surface temperatures 
ranging between 23 and 71 °C in hot springs and 35 and 50 °C in thermal wells, as shown 
in Fig. 1.
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Volumetric estimates through the HYDROTHERM model showed that the res-
ervoir with a temperature of 170  °C and a depth of more than 1 km could generate 
28.34 MW of electrical energy.

The entire Sinai over a period of 35  years [15] and temperature distributions of 
90–180  °C were determined at a depth of 2–3  km with a preference for the use of 
open system or closed system submerged geothermal energy along the Gulf of Suez 
and the Red Sea [16].

This indicates the possibility of exploiting it for energy generation. For example, in 
the Bath of Pharaoh (Gulf of Suez), the deep temperature in it can be exploited in 
energy generation (over approximately 30 years of production) based on the results 

Table 1 Different types of geothermal systems
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that indicate that the temperature in a thermal reservoir with a depth of 500  m is 
130 °C; then, it can be classified, as shown in Fig. 1.

Hence, the geothermal energy resources in Egypt can be classified as shown in Table 3.

Table 2 Benefits of using surface geothermal systems in buildings and their impact on all levels

Category Benefit

Environmental [10] - Reducing the use of conventional fossil fuels
- Reducing global warming and gas emissions in cities, as it does not 
cause any emissions when installed and used

Economic [11] - Reducing energy consumption by 20% to 50% compared to conven-
tional energy
- It has low maintenance costs that are almost nonexistent, as it provides 
low operation and maintenance costs. The system’s life span reaches 
50 years
- It can be used to reduce the consumption of electrical energy for cool-
ing and heating buildings by 25% to 50% compared to conventional 
heating or cooling systems
- It can be used to heat water and swimming pools in buildings

Health and psychological [12] - Contribute to creating a clean environment that helps improve human 
health and makes him live in a clean environment that protects him 
from diseases
- Enables the user to reach thermal comfort continuously and with high 
efficiency
- Provides calmness, which helps a person improve their psychological 
state and quality of life

Esthetic [13] - It is possible to benefit from the entire site in various activities beauti-
fully without any obstacles
- Prevent the appearance of air conditioning devices in the building or 
on its roof

Social [14] - Reducing unemployment rates and creating job opportunities for 
youth
- Maintain good relations with neighbors and increase interdependence 
between them

Other (https:// www. vpsup ply. com/ 
produ cts/ renew able- energy/ geoth 
ermal)

- Investing untapped resources (the land under the building)
- Renewable and always available: it is available permanently and contin-
uously without interruption, because it is not affected by the surround-
ing climatic conditions compared to other renewable energies

Fig. 1 Heat content classification of geothermal energy resources in Egypt. Source: A discussion on the 
potential use of shallow geothermal energy for cooling in Egypt, 2019

https://www.vpsupply.com/products/renewable-energy/geothermal
https://www.vpsupply.com/products/renewable-energy/geothermal
https://www.vpsupply.com/products/renewable-energy/geothermal
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A study of the possibility of exploiting geothermal energy in buildings in Egypt

Average ground temperatures in Egypt range from 15° to 25° at a depth ranging 
between 20 and 50 m, and they can be used either for direct cooling or to reduce the 
use of electric air conditioning units used in commercial and domestic buildings [18].

Recently, a new trend has appeared at the governmental and commercial levels to 
use geothermal energy to solve the growing problem of air conditioning in buildings 
in cities because of the following:

a. Reduces electricity consumption for air conditioners as it consumes approximately 
100 MWh per 1 °C when the atmosphere temperature rises above 35 °C [19]

b. It limits the heat waves in the summer, especially the long ones, such as those in 
Alexandria, where millions of people need air conditioning, thus forming a large 
urban heat island in it [17]

c. Reduces pollution and improves air quality in the heat islands, where geothermal air 
conditioning can provide electricity better and more efficiently in Alexandria while 
reducing the burning of fossil fuels

Since Egypt is the most populated country in the Middle East and has relatively low 
reserves of oil and gas, it provides an opportunity to invest in renewable energy, espe-
cially in the production of geothermal energy, and since the majority of the country’s 
energy is consumed by industries (47%) and buildings (20%).

Therefore, geothermal energy is an alternative energy option for Egypt. Moreover, 
there is a large land area (94% of desert land).

Some countries will explore geothermal energy resources as an alternative source 
of energy in the future, so we must think in an innovative way to develop an envi-
ronmentally friendly building that reduces energy consumption, reduces heat islands, 
faces global warming and climate change, and limits the depletion of non-renewable 
energy sources by using geothermal energy in buildings. This is in order to reach a 
sustainable building that achieves thermal comfort for humans, through many data 
sets, studies, and analyses, as shown in Fig. 2.

These applications still require qualified people and technologies in the fields of 
geothermal energy investigation, design of power generation, cooling and heating sys-
tems in buildings, management of geothermal energy projects, monitoring systems 
that will be allocated to the Egyptian market, raising awareness in society, and deci-
sion-making about geothermal resources.

Table 3 Heat content classification of geothermal energy resources in Egypt

Heat content Geothermal energy resources

Low enthalpy The Oases of Kharga and Bahariya (Western Desert), 
Oyoun Musa and Ain Sukhna (Gulf of Suez), and the 
sulfur springs of Helwan, south of Cairo [17]

Medium enthalpy Pharaoh’s bath

High enthalpy Along the rift in the Gulf of Suez and the Red Sea
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The population density in Egypt is concentrated on the banks of the Nile, espe-
cially in Cairo and the Delta, which makes these areas more energy-consuming and 
carbon-emitting.

Therefore, it is preferable to use a vertical closed geothermal system due to the lack of 
sufficient spaces to establish horizontal thermal energy systems and the lack of energy 
reservoirs in all regions. So, I will choose a vertical closed-loop geothermal system on 
the North Coast for application in this study.

Methods
The methodology is a simulation tool to study the effectiveness of applying thermal 
energy systems to cool residential buildings in Egypt, with the purpose of evaluating 
it environmentally and economically and determining its effect on reducing electrical 
energy consumption, reducing carbon emissions, and achieving human thermal comfort 
and, at the lowest cost, ensure its efficiency in reducing the island effect in Alexandria, 
Egypt.

The methodology used in this research was explained and clarified, and the stages 
that the research went through were identified, as shown in Table  4, and in it, the 
vertical closed geothermal system was chosen to be used in this study because it is 
considered the most effective and cheapest system among all geothermal systems, as 
shown in Fig.  3. It consists of a traditional distribution system inside the building, 

Fig. 2 Shows the data, studies and analyzes that must be considered to achieve the maximum benefit from 
geothermal energy systems to achieve thermal comfort in buildings

Table 4 Stages of evaluating geothermal energy systems based on an applied case

The stages Evaluating geothermal energy systems based on an applied case

The first stage (experimental stage) At this stage, a choice is made about the study area that is the most 
populous and the most energy-consuming. The building’s geometry 
is determined by the current situation, and the building is drawn on a 
SKETCH UP-2014 program

The second stage (monitoring stage) Completely enter data information in the program TRNSYS-17 and 
analysis the case study situation and the thermal loads of the current in 
the building

The third stage (analysis stage) Analyzing and studying the difference between the current situation of 
the building and adding a vertical closed geothermal system to each 
floor (difference in temperatures, electricity consumption, carbon emis-
sions) and the difference in economic when purchasing and installing 
each system
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a ground heat pump, and vertical closed ground loops, as shown in Fig.  4, and the 
TRNSYS-17 software as a simulation was chosen to be used in this study to measure 
the thermal loads and electricity consumption inside the case study.

The first stage (experimental stage)

In this study, the study area was selected, the building geometry of the current situa-
tion was determined, and the building (study case) was drawn on a program SKETCH 
UP-2014 program. What happened at this stage can be explained by the following 
points.

Choose a case study area

According to previous studies and analyses in terms of population [20] and energy con-
sumption [21] for each governorate, as shown in Figs. 5 and 6, Alexandria, Egypt, was 
chosen as a study area because it is considered one of the most populous governorates 
in Egypt with population density and electricity consumption, and it has a relatively low 
percentage of green spaces and is more attractive to the population at the level of the 
rest of the governorates.

Fig. 3 The geothermal system add to building. Source: SKETCH UP-2014 program

Fig. 4 The type of geothermal system chosen. Source: SKETCH UP-2014 program
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Therefore, it is one of the most appropriate governorates to determine the impact of 
geothermal energy systems on the formation of heat islands in cities and human thermal 
comfort.

The building geometry of the current situation was determined

A traditional, two-story residential building located in the fifth settlement in Cairo, 
Egypt, was chosen randomly to be simulated in this research as shown in Fig.  7. The 
design of the building is shown in Fig. 8.

The building consists of a ground floor, a first floor, and a roof. It accommodates a large 
family consisting of six members and two workers, as shown in Fig. 6 and described in 
Table  5. This building, like most of the buildings located in Cairo, has an HVAC sys-
tem used to cool the building during the hot seasons, which almost takes place between 
March and October.

Fig. 5 Shows the population of each governorate of the Arab Republic of Egypt. Source: The Central Agency 
for Public Mobilization and Statistics in Egypt, 2023

Fig. 6 Shows the consumption of electricity kilowatt-hours/mon Building geometry. Source: Ministry of 
Electricity and Energy website, calculate consumption in February 2021

Fig. 7 The case study design



Page 10 of 21Fouad et al. Journal of Engineering and Applied Science           (2024) 71:45 

The second stage (monitoring stage)

At this stage, data and information about the case study are collected, the modeling 
parameters for the current situation and the VCGS system are determined, and they 
are set in the program TRNSYS-17, to determine and analyze the current status of the 
building and when adding a geothermal system to each floor in terms of a thermal analy-
sis of the current situation and its thermal loads.

Case study simulation

The TRNSYS-17 software was used as a simulation tool in this research to measure 
the cooling load inside the building before and after using the vertical closed geother-
mal system. A series of simulations were conducted to capture the effect of the vertical 
closed geothermal system on the building’s heat, energy consumption, and carbon emis-
sions reduction during the year, especially during the peak period.

A 3D model for the case study was built as a primary stage using the Sketch Up 
software, as shown in Fig. 9. This model was imported into the TRNSYS software for 
simulation.

Fig. 8 The case study design and components

Table 5 Case study description

Case study Description

Number of floors 2 floors and a roof

Number of users 6 persons + 2 occupants

Year of construction 2020

Type of building Residential

Land area 250  m2

Building area 144  m2
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Modeling parameters

There were some parameters taken into consideration during the modeling process 
that affected the simulation results. All the modeling parameters were summarized 
and presented in Tables 6, 7 and 8.

There are many factors affecting the internal thermal loads of the building, such 
as users, indoor lighting, and the heat gain from operating equipment and devices; 
these factors contributed to the increases in the thermal loads inside the indoor 
spaces. According to the ASHRAE Guide [22], which is presented in Table  9, the 
thermal loads were calculated in terms of occupancy, lighting features, and elec-
tronic devices.

Taking into consideration the thermostat set point for the HVAC system, it is 
assumed to be 24 °C for optimal cooling, with an acceptable range of 23–26 °C.

Table 6 Modeling parameters in building envelop and layers

Ground floor layers Floor layers Surface layers External wall layers

- Ceramic 50 × 50 × 1 cm
- Cement mortar, 2 cm
- 5 cm leveling sand
- Fine concrete 10 cm
- Moisture seal 2 cm
- 15 cm ordinary concrete
- Backfill

- Ceramic 50 × 50 × 1 cm
- Cement mortar, 2 cm
- 5 cm leveling sand
- Reinforced concrete 
15 cm
- Internal mortar, 2 cm
- 2 cm of paint

- Ceramic 50 × 50 × 1 cm
- Cement mortar, 2 cm
- 5 cm leveling sand
- Concrete slopes of 7 cm
- Moisture seal: 2 cm
- Reinforced concrete 
15 cm
- Internal mortar: 2 cm
- 2 cm of paint

- 1 cm of paint
- External clamshell, 2 cm
- A brick of 25 cm
- External clamshell, 2 cm
- 1 cm of paint

Table 7 Physiothermal properties of wall layers in the case of the study

Wall layers Thickness (cm) Thermal conductivity 
(W/m C°)

Density (kg/m3) Thermal 
resistance (m2 
C°/W)

External grout 2 0.88 2800 0.0227

Clay bricks 25 0.6 1800 0.416

Inner grout 2 0.88 2800 0.0227

Table 8 Physiothermal properties of windows

Glass type VT SHGC U-value ( m2 C°/W)

Clear single glass 6 mm 0.88 0.81 5.8

Table 9 Internal earning transactions according to the ASHRAE Guide (2013) [22]

Internal earning transactions Values

Heat gain due to space occupancy 130 W/1 person

Heat gain due to the internal lighting of the space 10.5 W/1 person

Heat gain due to equipment, devices, and computers 21.5 W/1 person
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The parameters set for VCGS system

The piping of a vertical closed geothermal system has been excavated and designed, 
as shown in Table 10.

Calculation model

Temperatures and thermal loads in the current situation in the building were calcu-
lated using the TRNSYS-17 software, as shown in Figs. 10 and 11.

The third stage (analysis stage)

At this stage, study the results and analyze the difference between the current situa-
tion and when adding the vertical closed geothermal system in terms of temperature 
difference, electricity consumption, carbon emissions, and the cost of purchasing and 

Table 10 The parameters set for VCGS system

Parameters Values

Loop fluid type Water

Fluid freezing point (°C) 0

Fluid specific heat (Cƒ) (kJ/kg°C) 4.184

Fluid density (ρƒ) (kg/m3) 999.6

Fluid thermal conductivity (λƒ) (W/m°C) 0.6023

U tube loop pipe configuration Double U

Pipe outer diameter (m) 0.0334

Pipe inter diameter (m) 0.0313

Pipe thermal conductivity (λρ) (W/m°C) 0.3913

Pipe flow type Turbulent

Borehole radius (rb) (m) 0.10095

Grout thermal conductivity (λg) (W/m°C) 0.6926

Fig. 10 Thermal loads in the current situation in the building
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installing the closed geothermal system. This is to know the efficiency of the system 
and the possibility of implementation.

Results
The results presented in this study were divided into four stages. It can be presented in the 
following ways:

A. The first stage presents the amount of heat loss after installing the vertical closed 
geothermal system in a residential building located in a hot, arid environment

B. The second stage measures the amount of energy loss from using the vertical closed 
geothermal system in Alexandria, Egypt

C. The third stage is to calculate the amount of carbon emission reduction from using 
the proposed system

D. Final stage: calculate the difference in economics when purchasing and installing 
each system

The first stage: the difference in temperatures between the current situation 

and after installing a vertical closed geothermal system

The research found that the temperature decreased by 36.5 °C in the current situation and 
became 31.7 °C when adding a vertical closed geothermal system during the peak period.

The temperature decreased by 3.6 °C in September, 4.2 °C in August, 4.6 °C in July, and 
4.6 °C in May, as shown in Fig. 12.

Fig. 11 Climatic analysis of the building
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The second stage: the difference of electrical energy consumption for cooling of floors 

between the current situation and when adding a vertical closed geothermal system

The research found that electrical energy consumption decreased by 7136.13 kwh in 
the current situation and became 5739.12 kwh when adding a vertical closed geother-
mal system during the peak period (summer), as shown in Fig. 13.

Then, we concluded that a vertical closed geothermal system helped reduce the electri-
cal energy consumption for cooling by 22.93% during the peak period, as shown in Fig. 14.

Fig. 12 The difference in temperatures before and after installing a vertical closed geothermal system in the 
building

Fig. 13 The difference between the current situation and when adding a vertical closed geothermal system 
in terms of electrical energy consumption

Fig. 14 The total percentage decrease in the electrical energy consumption for cooling the building during 
the peak period when a vertical closed geothermal system is added
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The third stage is the difference between the current situation and adding a vertical closed 

geothermal system in terms of carbon emissions in floors

The research found that carbon emissions decreased by 5308.6 kg in the current situa-
tion and became 4269.3 kg when adding a vertical closed geothermal system during the 
peak period (summer), as shown in Fig. 15.

Then, we concluded that a vertical closed geothermal system helped reduce the carbon 
emissions for cooling by 22.93% during the peak period, as shown in Fig. 16.

Final stage: the difference between the cost of a vertical closed geothermal system 

and a traditional air conditioning system (HVAC) in a building (case study)

Costs of establishing the traditional HVAC system in the residential building were cal-
culated. In this case study, a comparison was made between the cost of a vertical closed 
geothermal system, as shown in Table  11, and a traditional air conditioning system 
(HVAC), as shown in Table 12, in a building (case study).

By calculating the cost of establishing a vertical closed geothermal system, which 
amounted to 159,879.758 EGP, and comparing it with the cost of establishing a tradi-
tional air conditioning system (HVAC) in a building (case study), which amounted to 
190,230 EGP, as shown in Table 11, it can be concluded that the cost of purchasing and 

Fig. 15 The difference between the current situation and when adding a vertical closed geothermal system 
in terms of carbon emissions

Fig. 16 Total building carbon emissions reduction during peak period when a closed vertical geothermal 
loop system is added
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implementing a vertical closed-loop geothermal system is relatively less expensive than 
the cost of a traditional cooling system.

The study costs were estimated according to the capacity of adaptations required on 
each floor of the building, as shown in Table 13, so that the total costs of purchase and 
installation are 190,230 EGP, by calculating the cost of establishing a vertical closed geo-
thermal system, which amounted to 159,879.758 EGP, and comparing it with the cost 
of establishing a traditional air conditioning system (HVAC) in a building (case study), 
which amounted to 190,230 EGP.

Table 11 The cost of establishing a vertical closed geothermal system in a building (case study)

Study Required Description Used quantity Total cost

Pre-
opera-
tional 
cost

Pipes 
buried 
under-
ground

- Number: 
2 double 
U-rings
- Diameter: 
3 cm
- Depth: 10 m
- Type: Cup-
per tube

Required = 10 × 4 = 40 m - Supplying and installing cost per a roll 
(20 m) = 1559.49 EGP [1]
- 2 × 1559.49 = 3118.98 EGP
- Underground pipe costs = 3118.98 EGP

Pipes bur-
ied in the 
ceilings of 
the build-
ing

- 2 double 
U-shaped 
rings
- Diameter: 
tube 3 cm
- Type: 
high-density 
polyethylene 
(HDPE) pipe

Ground 
floor

The number of tubes
 = 32 × 2 = 64 tubes
Pipe length = 8 m
Required = 8 × 64 = 512 m

Costs of supplying and installing pipes in the ceiling of 
the ground floor = 25.6 × 1559.49 = 39,922.944 EGP
Costs of supplying and installing pipes for the ceiling of 
the first floor = 25.6 × 1559.49 = 39,922.944 EGP
Costs of supplying and installing pipes in the roof 
floor = 1 × 1559.49 = 1559.49 EGP
The total costs of supplying and install-
ing pipes to the roofs of the build-
ing = 39,922.944 + 39,922.944 + 1559.49 = 81,405.378 
EGP

First 
floor

The number of tubes
 = 32 × 2 = 64 tubes
Pipe length = 8 m
Required = 8 × 64 = 512 m

Roof 
floor

The number of tubes
 = 16 × 2 = 32 tubes
Pipe length = 6 m
Required = 6 × 32 = 192 m

Geother-
mal heat 
pump

Type: Macon 1 46,355.40

Digging 
works

- Digging 2 
wells to lay 
pipes in the 
shape of the 
letter (U); the 
radius of the 
well is 10 cm

25  m2 The price of digging a square meter
 = 200 EGP
Total excavation work = 25 × 200
 = 5000 EGP

The cost of backfilling Required to backfill the used excavation 
work

4000 EGP

The cost of installation 
work

Including (salaries of workers, engineers, 
and supervisors)

20,000 EGP

Total costs of establishing a closed vertical geothermal loop system in the 
residential building (case study) in Egyptian pounds

159,879.758 EGP

Table 12 Cost of establishing a traditional air conditioning system (HVAC) in a building (case study)

Floor Fixed costs (purchase 
of air conditioning)

Installation costs Total

Ground floor 23,880 × 3 = 71,640 EGP 850 × 3 = 2550 EGP 71,640 + 2550 = 74,190 EGP

First floor 23,880 × 3 = 71,640 EGP 850 × 3 = 2550 EGP 71,640 + 2550 = 74,190 EGP

Roof floor 20,275 × 2 = 40,550 EGP 650 × 2 = 1300 EGP 40,550 + 1300 = 41,850 EGP

The total cost of the conventional air conditioning system 190,230 EGP



Page 18 of 21Fouad et al. Journal of Engineering and Applied Science           (2024) 71:45 

Discussion
The process of construction and operation consumes a lot of energy, causing the deple-
tion of fossil fuels and increasing the percentage of carbon emissions and greenhouse 
gasses. Consequently, the general characteristics of local climate change and heat islands 
are formed that cause the emergence of the phenomenon of global climate change, 
which negatively affects the environment and achieves thermal comfort for humans. 
Thus, there is a constant need for energy consumption to absorb the negative effects 
resulting from climate change and heat islands, so we must resort to using renewable 
energies such as solar energy, geothermal energy, and wind energy to reduce the burden 
on the state in terms of environmental pollution and achieve comfort in providing ther-
mal energy for humans as well as rationalizing electricity consumption in buildings.

Geothermal systems can be divided into an open system in which the main cooling 
loop either adds or extracts heat, and the secondary loop transports natural water from 
another source to the heat exchanger to supply thermal energy. There must be sufficient 
distance between the supply pipes for the discharged water to regain efficiency thermally 
[25] and a closed system that can be horizontal, vertical, pond, or lake [26].

Geothermal cooling and heating are environmentally friendly and significantly reduce 
 CO2 emissions [27]. The integrated system can reduce  CO2 emissions by more than 7 kg 
per square meter. Therefore, the integrated system can make full use of shallow geother-
mal energy to build an energy-efficient HVAC system [28].

Replacing a conventional electric cooling system with a geothermal system achieves a 
26% energy reduction in an apartment building in Memphis, Tennessee, by combining 
the microscopic properties of the earth [27].

The greatest focus by researchers on the subject of geothermal energy and its systems 
was on utilizing it in heating buildings, and there were a few researchers who were inter-
ested in using it in cooling buildings, so its benefits must remain applicable in other loca-
tions. If knowledge of geothermal systems spreads to the extent of solar panels, many 
will benefit on a small scale. There are hybrid systems used for heating and cooling that 
are more efficient than traditional geothermal systems, although geothermal energy does 
not suffer from any problems when operating compared to other renewable sources.

A study was conducted on the role of geothermal energy in heating commercial build-
ings and a study of its environmental and economic efficiency, but no attention was 

Table 13 The calculation of the ability of adaptations required in each floor

The required air conditioning capacity for both the 
ground floor and the first floor

The conditioning capacity required for the role of 
the roof floor

The required air conditioning capacity = 300 × (height × width × length)/12,000
- The area of the ground floor and the first floor = 140  m2

- So the air conditioning capacity required for both the 
ground and first floors = 300 × (3 × 8 × 17)/12,000 = 1
0.2 HP
- Hence, it requires 3 air condition 3 HP
- The cost of the Sharp air conditioner, 3 HP, cool only, 
with the plasma feature = 23,880 EGP
- The cost of installing a 3-HP air conditioner = 850 EGP 
[23]

- The roof floor area = 63.5  m2

- So the air conditioning capacity required for the roof 
role = 300 × (3 × 6 × 10.5)/12,000 = 4.7 HP
- Hence, it requires 2 adaptations of 2.25 HP
- The cost of Sharp air conditioning 2.25 HP, cool only, 
with plasma feature = 20,275 EGP [24]
- The cost of installing a 2.25 HP air conditioner = 650 
EGP

The cost of operating the air conditioner per hour = the cost of kilowatts × the consumption of the air 
conditioner (kilowatt hours)
Cost per kilowatt in 2023 = 58 piasters × air conditioning consumption (kilowatt hour) 3500 = 203 per 
hour
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given to residential buildings, even though it is considered the second most important 
human need and is considered one of the sectors that consume the most energy in cit-
ies at a rate of 74%, as it accounts for nearly half of electrical energy consumption. In 
Egypt [6], it is also the sector with the most carbon emissions in cities at 50% because 
it contributes to forming the largest part of the city’s area [29], so the amount of carbon 
emissions resulting from it is large compared to the rest of the sectors that emit large 
amounts of carbon. Geothermal energy systems were also evaluated in the USA, Britain, 
Saudi Arabia, and India, but not Egypt.

Therefore, this research worked to study the effectiveness of geothermal energy sys-
tems in cooling residential buildings in Egypt, to complete the study on the role of geo-
thermal energy and its systems in cooling residential buildings in Egypt, to evaluate its 
role environmentally and economically, and to propose it as a practical solution that 
contributes to containing environmental problems resulting from climate change and 
heat islands and increasing energy consumption for cooling in residential buildings.

As the research found that geothermal systems in buildings work to reduce tempera-
tures, electrical energy consumption for cooling, and carbon emissions, which brings the 
user to thermal comfort inside the residential building at the lowest costs, then it can be 
proven that the closed vertical geothermal loop system is considered more efficient than 
traditional HVAC systems in terms of initial costs, and it also works to reduce the elec-
trical energy used for cooling when operating and the temperature of the building.

Therefore, it is considered an effective and clean system that must be circulated in 
Egypt to benefit from its environmental and economic benefits.

So, if geothermal energy is exploited to cool residential buildings, we will take a step 
forward in reducing the burden on the state in terms of improving air quality, reducing 
greenhouse gas emissions, reducing energy demand globally, and knowing whether this 
system is beneficial for use in Egypt or not. Other, better solutions must be resorted to.

Conclusions
According to the above statements, we note the effect of a vertical closed geothermal 
system on reducing the temperature of the ground floor significantly, which led to reach-
ing thermal comfort for humans in that floor, but in the first floor, because of the expo-
sure of a large part of its surface to the sun and external heat, the percentage was lower, 
as well as the floor of the roof due to the exposure of all its surface to the sun and exter-
nal heat, so the difference was small, but it is less than the traditional cooling system, 
and this resulted in a decrease in the amount of electrical energy consumption for cool-
ing at a noticeable rate in the ground and first floors and thus led to a reduction in car-
bon emissions, which works to reduce the effect of heat island and thus reduce the effect 
of global warming and climate change.

Hence, the vertical closed geothermal system can be concluded as one of the effec-
tive solutions that works to reduce the effect of heat islands in residential buildings in 
Alex, Egypt, and contributes to reducing environmental problems (global warming and 
climate change).

The main objective of this research is to shed light on and raise awareness in Egyptian 
society and decision-making circles about the need to apply renewable energy systems, 
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especially geothermal energy systems, to take advantage of Its environmental and eco-
nomic benefits and exploit them in cooling by thinking in an innovative way by limiting 
consumption of fossil fuels and rising energy prices and consumption, rising tempera-
tures, and carbon emissions, especially in the summer, in order to limit the formation of 
heat islands in cities and thus limit global climate change by applying geothermal energy 
systems in general and the vertical closed geothermal system in particular because they 
are safe, clean systems on the environment with installation and maintenance costs with 
a long life span.
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