
1 
 

GROUND SOURCE HEAT PUMP FOR GREEN RENOVATION OF THE HIGHER 

COUNCIL FOR SCIENCE AND TECHNOLOGY BUILDING IN JORDAN

 

Osama Ayadi*1, Nidal Abdalla2, Salem Alrayyes3, Fawwaz El-Karmi4 
 
*1 Mechanical Engineering Department, The University of Jordan, o.ayadi@ju.edu.jo 
2 National Energy Research Center, Royal Scientific Society, n.abdalla@nerc.gov.jo 
3 Horizon for Renewable Energy Solutions, salem@horizonenergy.me 
4 The Higher Council for Science and Technology (HCST), fkarmi@hcst.gov.jo 

 
                                                                                         

Abstract 

A green renovation of the Higher Council of Science and Technology building in Jordan has been 

accomplished.  This renovation adopted the three-tier approach to sustainable heating, cooling 

and lighting of the building. This included improving the status of the thermal insulation and the 

air tightness of the building as well as replacing the old single glazed windows with double 

glass. Old fluorescent lamps were replaced by energy-saving units (LED). A 52 kWp solar PV 

system was installed on the roof of the building. And ground source heat pumps with high 

coefficient of performance (COP) were used for the heating, cooling and hot water preparation, 

replacing the old low efficiency diesel boilers and the low COP conventional split units for air 

conditioning.  

The successful geothermal system pilot project was implemented at the (HCST) building. Five 60 

kW heat pumps were installed to cover the building heating and cooling loads and to cover the 

building demand for hot water. The geothermal system (Ground Source Heat Pump, GSHP) 

incorporates 32 boreholes in the HCST car parking area. Field measurement shows that the 

thermal energy saving of about 45% was achieved. The financial analysis shows that the project 

payback period is about 7 years and the net present value is 470,495 JD for the lifetime of the 

systems. 

Keywords: Geothermal energy; ground source heat pump; green building; renovation; Ground 

heat exchanger; coefficient of performance 

1. Introduction 
At European level, the energy consumed by buildings (residential commercial and 

administrative) represented in 2015 more than 40% of the total final energy consumption 

across sectors according to Eurostat, where residential buildings represent as much as 27% of 

the total final energy consumption. [1] In the united states, about 37 % of the total energy is 

consumed in residential and commercial sectors. [2] In Jordan, the situation is similar, and the 

residential and commercial sectors consume about 36 % of the total energy consumption.  [3] 

https://www.sciencedirect.com.ezlibrary.ju.edu.jo/topics/earth-and-planetary-sciences/residential-building
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Due to the limitations of energy resources in Jordan, energy conservation in electricity and fuel 

are considered a national priority, and the reduction of environmental pollution is also an 

important issue in Jordan.  The Jordanian 2015‐2025 energy strategy calls for increasing the 

share of renewables to reach 20%, and to improve the energy efficiency by 20% by the year 

2025. [4] Buildings are key to a sustainable future because their design, construction, operation, 

and the activities in buildings are significant contributors to energy-related sustainability 

challenges – reducing energy demand in buildings can play one of the most important roles in 

solving these challenges.[5] 

Despite the fact that the focus of low-energy buildings is often on new buildings and their 

potential for reducing or eliminating energy consumption for heating and cooling purposes [6], 

this paper investigated the high potential of the green renovation of the existing building of the 

Higher Council of Science and Technology (HCST). The procedure adopted in this work was 

based on the three-tier approach to the heating, cooling, and lighting of the building.  The first 

tier is load avoidance. Here the need for heating, cooling, and lighting is minimized by the 

design of the building itself. The second tier consists of using natural energies (geothermal and 

solar) as much as is practical. And the third and last tier uses mechanical equipment to satisfy 

the needs not provided for by the first two tiers. [7] 

 

2. The Higher Council for Science and Technology (HCST) building 
 

2.1. Location, background 
 

The Higher Council for Science and Technology was established in 1987 under Law Number (30) 

as a public independent institution and acts as a national umbrella for all science & technology 

(S&T) activities in Jordan. 

 The Higher Council for Science and Technology (HCST) building is located in the Jubaiha area of 

the University District in Amman (N 32° 01' 27.8" (latitude), E 35° 52' 41.4" (longitude)). It 

consists of four floors plus two basement levels with a total area of 6000 square meters. The 

building has a panoramic glass roof that gives the building an aesthetic appearance and allows 

natural lighting of the internal court of the building. 

The building was built in 1991 and hosts about 75 employees. The site plan and the front view 

of the building and its park are shown in Figure 1.  
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Figure 1 Site plan and front view  of the HCST building and its car park.  

 

2.2. Energy consumption in existing operation 
 

The average monthly consumption of electricity for office appliances and lighting was about 14 

MWh, and the diesel fuel consumption for the central heating boilers was about 10000 liters for 

the heating season. 

 

2.3. Renewable energy and energy efficiency measures 
 

The overall objective of the project is to reduce the cost of energy consumption, improve the 

environmental situation of the building through the transition to environmentally friendly 

technologies, increase the comfort of employees working in the building and thus increase their 

productivity. As mentioned before, in this project, the procedure adopted in this work was 

based on the three-tier approach to the heating, cooling, and lighting of the building; 

The first tier is load avoidance. The project includes improving the status of the thermal 

insulation and the air tightness of the building as well as replacing of old single glazed windows 

with double glass. Old fluorescent lamps were replaced by energy-saving units (LED). 

The second tier consists of using natural energies as much as is practical. The available 

unshaded area on the building’s roof was utilized to install an on grid solar photovoltaic system 

with a capacity of 52 kWp. Moreover, part of the roof was covered by a skylight that allows day 

lighting for the interior court of the building, as well as permits solar passive heating during 

heating season.  

The third and last tier uses mechanical equipment to satisfy the needs not provided for by the 

first two tiers.  In this level, ground source heat pumps with high coefficient of performance 

(COP) were used for the heating, cooling and hot water preparation. This system replaced the 

old low efficiency diesel boilers system used for heating, and the low COP conventional split 

units for air conditioning.  
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This paper focuses on the GSHP system utilized for the heating, cooling and hot water 

preparation for the building.  

 
3. Ground source heat pump system (GSHP) 

 
Heating and cooling in buildings is becoming significantly important and constitutes large 

proportion of total energy consumption. In order to create green and sustainable buildings it 

becomes imperative to use low carbon, efficient and renewable energy technologies to reduce 

and deliver the heating and cooling demand. heat pumps are considered as the most 

environmentally friendly heating and cooling system for covering the energy needs of modern, 

existing and renovated, residential and commercial buildings [8] [9]. These systems not only 

reduce the primary energy consumption and greenhouse gas emissions but also improve the 

energy efficiency of the energy sectors [10] [11]. Ground source heat pump (GSHP) uses the 

ground or ground water as heat source-sink. 

Several international studies have been reported in recent years on technical performance [12] 

[13] [14] [15]; cost assessment [16]; installation; applications; experimental study and barriers 

for the GSHP market. However, national research articles on real life installation and user 

interaction with the installed technology is still under highlighted.  This paper documents the 

second largest GSHP system project in Jordan.  

 
3.1. System configuration  
 

The schematic diagram of the GSHP system is presented in Figure 2. In this system Five (NIBE -

F1345) water source heat pumps with a heating and cooling capacity of 60 kW each were 

connected in a cascade arrangement (master /slave). These heat pumps were installed to cover 

the building heating and cooling loads and to satisfy the building demand for hot water.  

The Energy performance of the used heat pump at different operating temperatures based on 

the manufacturer is presented in table 1.  

Table 1 Energy performance of the heat pump 

Test conditions (inlet brine 
temperature/outlet water 
temperature to the heating 
system), according to EN 14511 

Measured COP of the 
real system (NIBE 
F1345) by 
manufacturer, 
according to EN 14511 

0/35 °C 4.3 

0/45 °C 3.52 

10/35 °C 5.08 

10/45 °C 4.15 
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Thirty-two boreholes each of 145 mm diameter and contains double U heat exchanger were 

used for the geothermal heat pump system in this project, they are Vertical closed-loops (VCLs) 

type, and they were drilled to a depth of 130 meters. 

At the same time, a hydronic forced air heat exchanger (dry-cooler) was installed that can be 

used in summer and winter. In summer it can be used as a heat sink to reject the heat to the 

ambient when the outside air temperature is below 29 °C. On the other hand, it can be used in 

winter to extract heat from the ambient air when the ambient air temperature is higher than 

15°C. this was installed in order to compare the performance of the heat pump when rejecting 

heat to the ambient or to the ground.  

A climate exchange module, NIBE HPAC 40, its task is to control the flow directions based on 

the operation mode of the heat pump, it is controlled via the heat pump’s control panel.  

Three water buffer storage tank were installed between the heat pumps and the load to reduce 

the fluctuation in the performance of the system.  

The hot / chilled water is circulated via four water circulating pumps to the fan coil units located 

in offices, meeting rooms and corridors at the HCST building.   

 

Figure 2 Schematic diagram of the GSHP system. 

Figure 3 shows the heat pumps, expansion vessels, and the buffer storage tanks which were 

installed at the mechanical room.  
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Figure 3  Heat pumps and buffer storage for the GSHP system. 

3.2. Site Project activities of GSHP 
 

A GSHP operates by transferring heat to/from the ground to provide space heating/cooling and 

hot water. The ground heat exchanger (GHE) consists of a buried High Density Polyethylene 

(HDPE) Plastic pipe – PE100, it is selected for its suitability of installation with regard to 

flexibility, pressure rating and chemical resistivity. GHE installation costs are the major 

component of the capital costs of the GSHP system. Therefore, in order to minimize costs and 

improve system efficiency it is important that the GHE is sized correctly. [16] 

Although several studies have highlighted the potentials of geothermal energy use in Jordan 

[17] , local research efforts have been very scarce in this field with the exception of a few 

modelling and simulation studies [18]. A very recent study on the measurement and modelling 

of the ground temperature profile in Zarqa, Jordan for geothermal heat pump applications was 

published after the commissioning of this project [19].  

4. Formation thermal conductivity test  
Due to the lack of data about thermal properties and temperatures of the ground in this region, 

a detailed testing and analysis were conducted by the specialized company Geothermal 

Resource Technologies Inc. (GRTI). A test borehole was created with the main parameters 

presented in table 2.  

Table 2 Test bore details 

Borehole Diameter 152 mm (6 inches) 

U-Bend Size 32 mm (1.26 inch) double loop HDPE 

U-Bend Depth Below Grade 71 m (233 ft) 
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The reported drilling log for this test borehole indicated that the formation consisted of clay, 

gravel, marl, limestone and chert. A heat capacity value for limestone was calculated from 

specific heat and density values listed by Kavanaugh and Rafferty [20].   

Knowing the average thermal conductivity of the formation is a prerequisite for a properly 

designed geothermal ground-loop heat exchanger for any given location. A formation thermal 

conductivity (FTC) test was performed at the High Council for Science and Technology. The 

duration of this test was 36 hours. The collected data were analyzed using the “line source” 

method and the following average formation thermal conductivity was determined.  

 The formation Thermal Conductivity was found to be 1.98 W/m-K (1.15 Btu/hr-ft-°F).  

Due to the necessity of a thermal diffusivity value in the design calculation process, the 

estimated average thermal diffusivity for the encountered formation was 0.0082 cm2/s. 

The undisturbed formation temperature for the tested bore was established from the initial 

loop temperature data collected at startup.  It ranges between 18.2-19.4°C. 

5. Borehole drilling and installation  
Based on the borehole test results, a design with thirty-two boreholes each of 145 mm diameter and 

contains double U heat exchanger (Figure 4) were used for the geothermal heat pump system in this 

project, they are Vertical closed-loops (VCLs) type, and they were drilled to a depth of 130 meters. They 

were installed in a grid pattern with 6 meters spacing between each borehole in the car park as shown 

in Figures 5 and 6. Each VCL consists of a borehole constructed with a conventional well drilling rig, into 

which a loop of flexible high-density polyethylene plastic pipe is inserted as shown in Figure 4. The 

closed loop piping contains water as a heat transfer fluid that recirculates under pressure through the 

loop piping and heat pump. The fluid transfers heat from the earth to the heat pump and building 

interior during the heating season and moves heat into the earth from the building interior during the 

cooling season.  
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Figure 5 Car park preparation and  boreholes drilling. 

Figure 4 Ground heat exchangers of double U pipe type installation in the bore holes.. 
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Figure 6 Boreholes distribution in the car park. 

6. Monitoring and measurements 
The temperature, water flow, electric power of the air conditioning system and heat pumps 

derived from the earth's surface were measured for several days in the summer of 2017. The 

recorded information was analyzed and the calculations are summarized as follows:

- The daily production rate of cooling for the building of the Higher Council = 1500 kWh 

- Average daily power consumption of thermal pumps = 247 kWh 

- New measured Efficiency Rate COP for heating mode = 4.0 

- New measured Efficiency Rate COP for cooling mode = 6.0 

- Average Efficiency Rate COP = 5.0 (for heating and cooling) 

- Efficiency rate of old separate AC units COP = 2.8 

- Savings ratio = 45% 

The heating and cooling energy that is produced by the GSHP was calculated for several days 

through the cooling operation in summer season and heating operation in winter season. 

The measurements show that the cooling and heating loads were covered completely. 

Moreover, the indoor air temperature for the whole building was within the comfortable 

region. 
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In addition, it was shown that the GSHP is working efficiently as compared with the old split 

units and central heating system. Figure 8 and Figure 9 show COP versus time of the GSHP 

system for several days for heating and cooling operations. 

 

 

Figure 7 COP versus time for several days for heating operation 

 

 

Figure 8 COP versus time for several days for cooling operation 

 

The calculation shows that the annual average greenhouse gas emission reduction = 364 tons 

CO2. 
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7. Financial analysis: 
In the literature, there are a number of economic analysis methods used to evaluate the 

economic performance of GSHPs. These include the life cycle cost method, net benefits (net 

present worth) method, payback method, benefit-to-cost (or savings-to-investment) ratio 

method, internal rate-of-return method, overall rate-of-return method, exergy and cost energy 

mass method, and the analytical hierarchy process [21]. Esen et al. [22]  studied horizontal-loop 

GSHP systems in Turkey. The study demonstrated that the horizontal GSHP system offered 

economic advantages over five conventional heating methods such as liquid petrol gas heating, 

coal fired heating and diesel oil heating. Similar conclusions were made by Pulat et al. [23] for 

Turkey and by Healy and Ugursal [24] for the Canadian province of Nova Scotia. 

The feasibility of using GSHP as compared with the conventional cooling and heating systems 

for an existing building can be estimated by considering the following assumptions [3]: 

o The fuel price is 0.55 JoD / litre 
o The electricity price is 0.25 JoD / kWh 
o COP for the conventional cooling and heating system = 2.8  
o COP for heat pump is = 5.0 
o Boiler efficiency = 59% 
o The cooling capacity for HCST = 250 kW 
o The heating capacity for HCST = 275 kW 
o heating value of diesel = 10 kWh / liter 
o Summer season: April to October 
o Winter season: November to March 
o No. of operation hours during summer days = 1176 hrs 
o No. of operation hours during winter days = 840 hrs 
 

The Present value and Net Present Values (NPV) are calculated for GSHP including PV system 

located at the roof of the HCST. The results were summarized in table 4. Table 4 shows that the 

payback period for both project is less than 7 years. Moreover, the table shows that the NPV in 

year 24 is around 471,000 JOD. 

Table 3 NPV for combined PV and GSHP project 

Year 
Annual energy 
savings (JOD) 

Maintenance 
savings (JOD) 

Cash flow 
(JOD) 

P(F,3%,n) 
Present value 

(JOD) 

0         -225285.8 

1 40784 300 41084 0.9709 39,888  

2 40784 300 41084 0.9426 38,726  

3 40784 300 41084 0.9151 37,596  

4 40784 300 41084 0.8885 36,503  
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5 40784 300 41084 0.8626 35,439  

6 40784 300 41084 0.8375 34,408  

7 40784 300 41084 0.8131 33,405  

8 40784 300 41084 0.7894 32,432  

9 40784 300 41084 0.7664 31,487  

10 40784 300 41084 0.7441 30,571  

11 40784 300 41084 0.7224 29,679  

12 40784 300 41084 0.7014 28,816  

13 40784 300 41084 0.681 27,978  

14 40784 300 41084 0.6611 27,161  

15 40784 300 41084 0.6419 26,372  

16 40784 300 41084 0.6232 25,603  

17 40784 300 41084 0.605 24,856  

18 40784 300 41084 0.5874 24,133  

19 40784 300 41084 0.5703 23,430  

20 40784 300 41084 0.5537 22,748  

21 40784 300 41084 0.5375 22,083  

22 40784 300 41084 0.5219 21,442  

23 40784 300 41084 0.5067 20,817  

24 40784 300 41084 0.4919 20,209  

    

NPV (JOD) 470,495  

    

NPV N=7 30679 

    

PBP 7 

 
8. Conclusion: 
A Ground Source Heat Pump was successfully installed at the Higher Council for Science and 

Technology (HCST) building with total capacity of about 300 kW using latest technology of heat 

pumps. This system field measurement shows that saving of about 45% was achieved as 

compared with the old split units and hot water boiler systems. Moreover, a rooftop Solar 

Photovoltaic system of 52 kW peak and several energy conservation measures were also 

implemented at the HCST building. The financial analysis shows that the project payback period 

of about 7 years and the net present value of 470,495 JD for the lifetime of the systems. 
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