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ABSTRACT 

This study presents an analysis of the energetic, 

economic, and environmental performance of a ground 

source heat pump (GSHP) during its initial operational 

phase in an arid climate in Egypt. The system was 

implemented as part of the GEB Project, which aims to 

enhance the capacity of geothermal energy in the 

country. The installation site experiences extreme 

climatic conditions, with summer air temperatures 

exceeding 45°C and minimal precipitation throughout 

the year, necessitating a thorough evaluation of the 

system’s efficiency and thermal behavior. 

As the first shallow geothermal project in Egypt, an 

experimental borehole heat exchanger (BHE) field was 

established in the courtyard of the Mining Engineering 

Department at Cairo University. This field was 

integrated with a GSHP to provide heating and air 

conditioning for the 47.25 m2 seminar room within the 

rock engineering laboratory. Given the arid climate of 

Cairo, cooling demand is particularly high, 

necessitating an in-depth investigation into ground heat 

dissipation efficiency. Site investigation was carried 

out to determine the ground thermal properties using 

different methods. Due to the large amount of injected 

heat, the ground suffered thermal imbalance. To 

partially counteract this imbalance, several operating 

mechanisms were implemented to optimize system 

performance and adaptability for both scientific 

research and educational purposes. The installation was 

equipped with adjustable valves, allowing for flexible 

switching between parallel, series, and intermediate 

BHE configurations. This flexibility enables the 

identification of the most efficient configuration under 

varying operational conditions, ensuring the system’s 

effectiveness in Egypt’s arid climate. Flowing in series, 

coinciding with the production of DHW during cooling, 

resulted in the highest efficiency due to the lower 

circulating water temperatures. Furthermore, the series 

flow resulted in the highest efficiency during heating 

activity. 

1. INTRODUCTION  

Using shallow geothermal energy for cooling in an arid 

climate, such as the Middle East countries, especially 

in Egypt, is not widely investigated. Few publications 

focused on it, as most of the published work is 

concentrated in the developed countries, where heating 

demand is dominant [1]. In Egypt, there is no published 

use for geothermal energy except for medical purposes, 

using the hot springs [2]. Due to the fossil fuel crisis 

and environmental restrictions, Egypt aims to increase 

the share of renewable energy in power production to 

42% by 2035 [3]. Shallow geothermal energy was 

investigated for the first time in the country within the 

framework of an Erasmus+ funded project “GEB” by 

installing a pilot plant for cooling at Cairo University. 

The ground characteristics for utilizing shallow 

geothermal energy were collected in this study, with an 

undisturbed ground temperature (UGT) of 24.10 °C and 

25.10 °C, using different methods of determination [4]. 

In Saudi Arabia, UGT reached 32.50 °C, which, 

however, being high, showed reasonable cooling 

potential [5]. Several studies from Saudi Arabia have 

been conducted, utilizing numerical simulation and 

design calculations, which have shown higher 

efficiency for the ground source heat pump (GSHP) 

compared to the air source heat pump (ASHP) [6,[6]. 

Moreover, numerical modelling based on the ground 

temperature obtained through the empirical equation of 

Kusuda confirmed the high efficiency of GSHP in 

Morocco [7]. In the United Arab Emirates (UAE), 

measurements showed an UGT of 32.40 °C. An 

experimental setup of horizontal pipes buried 2.50 m 

deep and connected to a circulation pump with heaters 

showed ground saturation after a short period [1]. 

Around 8 projects were installed in Jordan, where the 

ground temperature reached 22 °C. The first period of 

operation showed that the systems covered the heating 

and cooling loads [8]. All the reviewed cases in 

countries near Egypt showed higher efficiency of 

GSHP. This outperformance did not encourage the 

widespread use of the GSHP due to the high capital 

costs and the thermal imbalance resulting from the high 

cooling demand. Integration with solar systems or 

cooling towers to reduce the ground-injected heat was 
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proposed. In Egypt, where cooling loads are 

significantly high, a pilot borehole heat exchanger 

(BHE) system was designed and installed to assess 

optimal solutions for mitigating ground thermal 

imbalance. The system was equipped with appropriate 

valves to enable switching between parallel and series 

flow arrangements, as well as different BHE designs, 

including single-U and double-U pipe configurations. 

This experimental setup aims to evaluate the most 

effective configuration for enhancing thermal 

performance and long-term system stability.  

2. SITE CHARACTERISTICS 

At Cairo University, the ground characteristics at the 

site were investigated through two methods. The first 

method included drilling, collecting, and testing 

samples from an exploration borehole equipped as a 

piezometer, in addition to the temperature measurement 

inside this borehole throughout the year using a 

phreatimeter borehole ground temperature (Fig. 1) to 

obtain the ground temperature profile versus depth 

(Fig. 2). Secondly, thermal response tests (TRTs) were 

carried out on 3 different borehole heat exchangers 

(BHEs) to get the ground thermal properties for the first 

time in Egypt (Fig. 3). The line source model was 

applied to interpret the TRT data [9] using equations 

[1,2]. The ground thermal conductivity was obtained at 

the 3 BHEs by getting the slope of the borehole average 

temperature on a logarithmic scale (Fig. 4). 

 

Figure 1: Measuring ground temperature in the 

piezometer during the exploration stage. 

 

Figure 2: Ground temperature profile along the 

exploration borehole depth [4]. 
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Figure 3: Carrying out onsite thermal response test 

on BHE-2. 

 

 

 

Figure 4: Average temperature versus natural 

logarithm of time - TRT interpretation for a) BHE-

1, b) BHE-2, c) BHE-3. 

An average UGT of 25.10 °C resulted from the TRT, 

which is 4.15 % higher than the one measured in the 

piezometer.  

The results of the ground thermal conductivity showed 

a higher variation of 2.10 W/m.°C from the first method 
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(Fig. 5) compared to 2.53 W/m.°C resulting from the 

TRT method. These values are attributed to the 

existence of sand along the borehole depth, which is 

mainly composed of sand and clay. According to fixed 

temperature sensors at Cairo University's Climate 

Control Unit, the maximum air temperature reaches 46 

°C during summer, which indicates a high cooling 

demand. The higher difference between the air and 

ground temperatures encouraged the implementation of 

the pilot plant. 

On the other hand, the groundwater level is shallow in 

the study area, around 2 m below the ground surface. 

The existence of the groundwater represents an 

advantage for higher heat exchange between the ground 

and the pipes.  

3. DESIGN AND INSTALLATION OF THE 

GEOTHERMAL PILOT PLANT 

Based on in-situ data collection, a geothermal pilot 

plant was designed and implemented to provide cooling 

for a seminar room within the Rock Engineering 

Laboratory (REL) at the Faculty of Engineering, Cairo 

University. The design was conducted using Earth 

Energy Design (EED) software to optimize the system's 

configuration and performance parameters before 

implementation.  The system comprises three borehole 

heat exchangers (BHEs) with a total depth of 120 m, 

connected to a 9-kW ground source heat pump (GSHP) 

manufactured by Ecoforest Co. The BHE field consists 

of two single-U BHEs and one double-U BHE (Fig. 6). 

High-density polyethylene (HDPE) pipes with a 

diameter of 32 mm were installed within the boreholes 

and connected to the heat pump via horizontally buried 

pipes (50 mm in diameter) at a depth of 1 m. To ensure 

system integrity, all piping connections were tested for 

leakage and subsequently thermally insulated. The two 

legs of each BHE were spaced 50 mm apart using fixed 

spacers positioned at regular intervals along the pipe 

length. 

The borehole annulus was filled with a locally sourced 

grout, selected after testing the thermal conductivity of 

various grouting materials, with the chosen grout 

exhibiting the highest thermal conductivity of 2.55 

W/m·°C. Appropriate valve configurations were 

incorporated to regulate flow dynamics and allow 

switching between parallel and series flow 

arrangements.  

Additionally, buffer tanks were installed between the 

heat pump and the indoor fan coil units, with power 

consumption around 100 W each, to maintain stable 

system performance. A 200 L domestic hot water 

(DHW) tank was also integrated into the GSHP system 

to utilize the rejected heat for hot water production (Fig. 

7). The primary objectives of this geothermal system 

are to provide space cooling, heating, and domestic hot 

water.  

 

Figure 5: A sample collected from a drilled borehole for 

laboratory testing. 

 

Figure 6: Drilling of the borehole heat exchanger 

field. 

 

Figure 7: GSHP system installed at Cairo 

University. 

4. MITIGATION STRATEGIES FOR THE 

GROUND THERMAL IMBALANCE  

Several operational strategies were implemented to 

mitigate the impact of continuous heat injection during 

the cooling season in summer. Heat extraction was 

achieved through space heating in winter and the 

production of DHW to counteract the increase in the 

ground temperature. Additionally, the system was 

alternated between parallel and series flow 
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configurations to assess their effects on overall 

efficiency under two different flow rates. Furthermore, 

the performance of single U-tube and double U-tube 

pipe configurations was analyzed. The influence of the 

groundwater flow direction on heat dissipation was also 

examined.  

The system started operating in cooling mode at the end 

of August 2024, while the water temperature was 

recorded at the inlet and outlet for both the BHEs and 

the heat pump. Multiple system configurations were 

tested to evaluate the efficiency of all operating modes 

described in Table 1, including both parallel and series 

flow arrangements, with and without domestic hot 

water (DHW) production. To achieve the high flow rate 

configuration, an additional external 1-hp circulation 

pump was installed to increase the brine circuit’s water 

flow. For the low flow rate mode, the internal 

circulation pump of the ground source heat pump 

(GSHP) was used. During the efficiency tests, 

Permutations and combinations were applied to work 

using only two BHEs rather than three. Two Single U 

BHEs were used during that time, while the third one, 

which is the double U BHE, was blocked. Furthermore, 

only one single U and one double U BHEs were used, 

while the third one, “single U”, was blocked.  

The system’s operating modes were tested separately 

over several working days. The system’s performance 

during each working day is listed in the Tables below.  

The average power consumption of GSHP (PHP) and 

cooling system output (PCool) during operation were 

recorded in KW to evaluate efficiency based on the 

energy efficiency ratio (EER) across all operating 

scenarios. See equation [3]. 

Cool

HP

P
EER

P
=     [3] 

5. RESULTS AND DISCUSSION                                                            

The borehole inlet and outlet water temperatures had 

been recorded at the top of the BHEs during all 

operating modes. The whole cooling season duration 

was divided into several periods in which different 

operating modes with several BHE configurations were 

applied. The first weeks had experienced several trials 

to ensure the system’s reliability. 

Table 2. shows the performance results of the first 

period at the end of August, having the water 

circulating in a parallel manner. A noticeable decrease 

in water temperature was observed on August 29th 

during the domestic hot water (DHW) production 

phase, despite temperatures previously exceeding 

43 °C, as illustrated in Fig. 8. 

Table 1: Description of system configurations 

System mode Configuration details 

P-L-DHW 
Parallel – low flow- With DHW 

production 

P-L-No DHW 
Parallel – low flow- without DHW 

production 

P-H-DHW Parallel – High flow- With DHW 

production 

P-H-No DHW Parallel – High flow- without 

DHW production 

S-L-DHW 
Series – low flow- With DHW 

production 

S-L-No DHW 
Series – low flow- without DHW 

production 

S-H-DHW Series – High flow- With DHW 

production 

S-H-No DHW Series – High flow- without DHW 

production 

2 S-L-DHW 
Two single U- Low Flow- With 

DHW production 

2 S-L-No DHW 
Two single U- Low Flow- Without 

DHW production 

2 S-H-DHW 
Two single U-High Flow- With 

DHW production 

2 S-H-No DHW 
Two single U-High Flow- Without 

DHW production 

1S+1D-L-DHW 
One Single U and one Double U- 

Low Flow- With DHW production 

1S+1D-L-No 

DHW 

One Single U and one Double U- 

Low Flow- Without DHW 

production 

1S+1D-H-

DHW 

One Single U and one Double U- 

High Flow- With DHW production 

1S+1D-H-No 

DHW 

One Single U and one Double U- 

High Flow- Without DHW 

production 

Table 2: Operation scheduling during cooling mode- 

Period 1 

Period (1) 26 Aug – 1 Sept 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

26 Aug 

2024 

P-L-No 

DHW 
2.60 7.50 2.88 

29 Aug 

2024 
P-L-DHW 2.40 7.10 2.96 

1 Sept 

2024 
P-L-DHW 2.20 6.60 3.00 
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Figure 8: Inlet and outlet water temperatures at 

BHEs – Period 1 

After that, the series flow rate was tested in the second 

period at the beginning of September, applying the low 

flow rate conditions. The whole period included the 

application of DHW at the early hours of operation until 

reaching the hot water set temperature. Table 3. Shows 

examples from this period. Water temperatures 

recorded throughout the whole period are shown in 

Fig.9. The system recorded a peak borehole entering 

water temperature of 45 °C on September 4th and 5th, 

coinciding with an operational day utilizing the serial 

flow arrangement. This temperature increase followed 

a temporary stop in DHW production, triggered by 

reaching the hot water temperature setpoint. The 

simultaneous operation of DHW production and space 

cooling was found to mitigate the rise in water 

temperature. 

Table 3: Operation scheduling during cooling mode- 

Period 2 

Period (2) 2 Sept – 9 Sept 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

5 Sept 

2024 
S-L-DHW 3.10 7.50 2.42 

8 Sept 

2024 
S-L-DHW 2.20 7.00 3.18 

 

 

Figure 9: Inlet and outlet water temperatures at 

BHEs – Period 2 

The third period, listed in Table 4, included one of the 

highest efficiency scenarios (S-H-DHW) with an EER 

= 3.40. After that, one of the BHEs was blocked. 

Working with a double u BHE besides a single u 

resulted in higher efficiency than the two single u 

BHEs. Fig.10 demonstrates an initial drop in water 

temperature on the first day of this operational period, 

attributed to a higher flow rate and the serial flow. This 

was followed by a gradual increase in temperature, 

resulting from the deactivation of one BHE, which led 

to reliance on the remaining BHEs with shorter lengths 

Table 4: Operation scheduling during cooling mode- 

Period 3 

Period (3) 10 Sept – 17 Sept 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

11 Sept 

2024 

S-H- 

DHW 
2.00 6.80 3.40 

12 Sept 

2024 

2 S-L-

DHW 
2.50 7.70 3.08 

16 Sept 

2024 

2 S-H-No 

DHW 
2.80 7.90 2.82 

17 Sept 

2024 

1 S +1 D -

H-No 

DHW 

2.40 7.00 2.92 

 

 

Figure 10: Inlet and outlet water temperatures at 

BHEs – Period 3 

The influence of flow rate is further evidenced in Fig. 

11, which compares the last two days of operation 

during the fourth period listed in Table 5.  

Fig. 12 reinforces these findings by comparing system 

performance on September 29th and 30th. The results 

show a higher water temperature on September 29th, 

when DHW was not produced, compared to September 

30th, when DHW production was active. Moreover, the 

higher flow rate reduced the water temperature and 

subsequently increased the efficiency by comparing the 

first two days of the fifth period listed in Table 6. 

Combining both effects, having the system working in 

series using a higher flow rate while producing DHW, 

resulted in the highest efficiency during this period. 
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Table 5: Operation scheduling during cooling mode- 

Period 4 

Period (4) 18 Sept – 23 Sept 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

18 Sept 

2024 

1 S +1 D -L-

No DHW 
2.40 7.00 2.92 

22 Sept 

2024 

P-H-No 

DHW 
2.00 6.80 3.40 

23 Sept 

2024 

P-L-No 

DHW 
2.00 6.70 3.35 

 

Figure 11: Inlet and outlet water temperatures at 

BHEs – Period 4 

Table 6: Operation scheduling during cooling mode- 

Period 5 

Period (5) 24 Sept – 2 Oct 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

24 Sept 

2024 
P-L-DHW 2.00 6.80 3.40 

25 Sept 

2024 
P-H-DHW 1.60 6.10 3.81 

29 Sept 

2024 

S-L-No 

DHW 
2.10 6.70 3.19 

30 Sept 

2024 
S-L-DHW 2.00 6.50 3.25 

1 Oct 

2024 

S-H-No 

DHW 
1.70 6.00 3.53 

2 Oct 

2024 
S-H-DHW 1.60 6.00 3.75 

 

Figure 12: Inlet and outlet water temperatures at 

BHEs – Period 5 

This trend is further confirmed in Fig. 13, which 

compares the first two days of measurements within the 

sixth period listed in Table 7 and highlights the impact 

of the flow rate on the performance.  

 

Figure 13: Inlet and outlet water temperatures at 

BHEs – Period 6 

Table 7: Operation scheduling during cooling mode- 

Period 6 

Period (6) 7 Oct – 15 Oct 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

7 Oct 

2024 

P-L-No 

DHW 
2.00 6.20 3.10 

8 Oct 

2024 

P-H-No 

DHW 
1.70 6.10 3.59 

9 Oct 

2024 

1 S +1 D -L-

No DHW 
2.00 6.50 3.25 

13 Oct 

2024 

1 S +1 D -H-

No DHW 
2.00 6.30 3.15 

14 Oct 

2024 

2 S-L-No 

DHW 
2.10 6.60 3.14 

15 Oct 

2024 

2 S-H-No 

DHW 
2.00 6.30 3.15 

Fig. 14 emphasizes the combined effects of flow rate 

and DHW production during the seventh period of 

operation, as listed in Table 8. This period presented 
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the results already stated in the previous periods of 

operation. 

Table 8: Operation scheduling during cooling mode- 

Period 7 

Period (7) 17 Oct – 27 Oct 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

17 Oct 

2024 

S-L-No 

DHW 
1.90 6.00 3.16 

20 Oct 

2024 

S-H-No 

DHW 
1.60 5.85 3.66 

22 Oct 

2024 
S-L-DHW 1.60 5.90 3.69 

23 Oct 

2024 
S-H-DHW 1.10 5.40 4.91 

27 Oct 

2024 
S-L-DHW 1.80 5.80 3.22 

 

Figure 14: Inlet and outlet water temperatures at 

BHEs – Period 7 

Fig. 15 presents temperature measurements recorded 

during the final stage of the cooling season. According 

to the temperature measurements at BHEs and the 

results presented in Table 9, the combined effect of the 

serial flow associated with the high flow rate in the 

presence of DHW production showed the highest 

efficiency and the lowest borehole water temperatures. 

Using an ultrasonic flow meter, the flow encountered a 

higher pressure drop, which decreased the flow rate and 

enhanced the temperature difference between the 

borehole inlet and outlet water temperatures. 

Subsequently, the system consumed higher power to 

overcome the higher resistance. Overall, the operating 

mode influenced the power consumption of GSHP. 

Applying DHW and using a series flow arrangement 

reduced power consumption for many days due to the 

lower borehole outlet water temperature. 

Table 9: Operation scheduling during cooling mode- 

Period 8 

Period (8) 28 Oct – 5 Nov 2024 

Date Mode 
PHP 

(KW) 

PCool 

(KW) 
EER 

28 Oct 

2024 
S-L-DHW 1.50 5.20 3.47 

29 Oct 

2024 
S-H-DHW 1.20 5.00 4.17 

30 Oct 

2024 
S-H-DHW 1.10 5.00 4.55 

3 Nov 

2024 
S-L-DHW 1.20 4.70 3.92 

5 Nov 

2024 
P-H-DHW 1.00 4.70 4.70 

 

 

Figure 15: Inlet and outlet water temperatures at 

BHEs – Period 8 

On the other hand, heating during winter did not benefit 

from the free production of DHW due to the increased 

power consumption during the hot water production 

phase. When employing the series flow, lower inlet and 

outlet temperatures were observed. Consequently, a 

higher water temperature was observed in the 

distribution system. The average power consumption of 

GSHP (PHP), heating system output (PHeat), and 

system’s efficiency in terms of coefficient of 

performance (COP), shown in equation 4, were 

recorded and listed in Table 10 for the selected working 

days representing several operating configurations. 

Parallel and series flow were tested during the heating 

activity, with and without DHW production, all 

depending on the internal circulation pump (low flow 

rate conditions). Fig. 16 presents inlet and outlet 

temperatures recorded during a day when the system 

was configured as a series flow. The performance of the 

system was affected due to the stop in hot water 

production once the hot water set temperature was 

reached. The series flow arrangement had the highest 

efficiency for the GSHP when the production of DHW 

was not in use. 

Heat

HP

P
COP

P
=     [4] 
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Figure 16: Inlet and outlet water temperatures at 

BHEs – heating mode 

Finally, during the first year of operation for the 

geothermal system, including summer and winter 

seasons in Egypt’s climate, the system demonstrated 

greater efficiency during the heating season compared 

to the cooling season. The coefficient of performance 

(COP) of the GSHP for heating ranged from 4.81 to 

13.33 with an average value of 6.24. In contrast, the 

energy efficiency ratio (EER) during cooling mode 

ranged from 2.42 to 4.91 for the GSHP, as shown in 

Fig.17. 

Table 10: Operation scheduling during heating 

mode 

Date 
Operating 

mode 

PHP 

(KW) 

PHeat 

(KW) 
COP 

5 Feb 

2025 
P-L-No DHW 1.35 6.50 4.81 

9 Feb 

2025 
P-L-No DHW 1.2 6.80 5.67 

12 

Feb 

2025 

S-L-No DHW 1.10 6.50 5.91 

13 

Feb 

2025 

S-L-No DHW 1.20 6.35 5.29 

13 

Feb 

2025 

S-L-No DHW 0.85 5.00 5.88 

18 

Feb 

2025 

S-L-No DHW 0.45 6.00 13.33 

18 

Feb 

2025 

S-L-DHW 2.70 14.00 5.19 

25 

Feb 

2025 

P-L-No DHW 1.10 6.20 5.64 

26 

Feb 

2025 

P-L-DHW 2.60 14.00 5.38 

26 

Feb 

2025 

P-L-No DHW 1.00 5.30 5.30 

 

Figure 17: GSHP efficiency for both heating and 

cooling at Cairo University project 

6. CONCLUSIONS 

The main findings of this study can be summarized as 

follows: 

• Implementing a series flow configuration through 

the borehole heat exchangers (BHEs) effectively 

mitigated the rise in water temperature, thereby 

enhancing the overall system efficiency. 

• The integration of domestic hot water (DHW) 

production contributed to a reduction in both inlet 

and outlet borehole temperatures, which in turn 

improved system performance. 

• The highest energy efficiency ratio (EER) values 

were achieved under the simultaneous space 

cooling and domestic hot water (S-H-DHW) 

operating mode, particularly when employing a 

series flow configuration with a high flow rate and 

active hot water production. 

• Geothermal energy demonstrates significant 

potential for both heating and cooling applications 

in Egypt. 

• The ground source heat pump (GSHP) system 

exhibited greater efficiency in heating mode than in 

cooling mode, attributed to Egypt’s relatively high 

ground temperatures and modest heating demands. 

• During the heating operation, the GSHP achieved a 

COP ranging from 4.81 to 13.33. 

• During the cooling operation, the GSHP recorded 

EER values ranging from 2.42 to 4.91. 

• The production of hot water alongside cooling is 

nearly free; however, it requires a considerable 

increase in power consumption during the heating 

mode. 

• The series flow arrangement achieved the highest 

efficiencies for both heating and cooling. 

Associated with DHW production in the cooling 

mode, and without DHW production for the heating 

mode. 

• Using heating during the winter season reduces the 

circulated water temperature and therefore can 

suppress the ground temperature increase. 
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