
  

  
Abstract—The Earth houses a vast energy supply in the form 

of geothermal resources. This energy can be used in several 
applications. In this work the potential of energy saving using 
geothermal energy in residential sector in Jordan was 
investigated. The use of geothermal energy for both domestic 
hot water and in HVAC systems was studied. Two types of 
geothermal heat exchangers were presented in this work; cast 
iron heat exchanger for HVAC systems and polyethylene for 
domestic hot water. Energy consumption can by reduced up to 
30% by installing geothermal heat exchanger 
 

Index Terms—Energy, geothermal, Jordan. 
 

I. INTRODUCTION 
The temperature of the ground surface is a function of the 

climate and altitude. The temperature of the ground surface is 
approximately the same of the ambient temperature. Going 
inside the earth, the dependence on the ambient climate 
conditions is1 decreasing. Earth temperature a few meters 
below its surface maintains constant through the year. This 
warm earth provides a free renewable source of energy that 
can provide energy year around to heat and cool residential 
houses. Due to the stable temperature of the ground, the 
heating and cooling systems which are dependent on 
geothermal energy are more efficient than conventional 
heating and air-conditioning technologies. Geothermal 
energy is used also in electricity generation (geothermal 
power plants), and in industrial fields. It is sustainable, 
environmentally friendly and need no fuel to produce power. 

With a rapidly growing world population, and 
ever-increasing environmental concerns, sustainable 
development has become an issue of crucial importance for 
mankind. Geothermal resources have the potential of 
contributing significantly to sustainable energy use in many 
parts of the world. Sustainable geothermal utilization 
involves energy production at a rate which may be 
maintained for a very long time (100–300 years). The 
production capacity of geothermal systems is quite variable 
and different systems respond differently to production, 
depending on their geological setting and nature. Therefore, 
comprehensive management is essential for the sustainable 
use of all geothermal resources. In other words, efficient 
management is required in order to avoid overexploitation, 
which mostly occurs due to lack of knowledge and poor 
understanding as well as in situations when many users 
utilize the same resource, without common management. 
Energy-efficient utilization, as well as careful monitoring and 
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modeling, are essential ingredients in sustainable 
development. Reinjection is also essential for sustainable 
utilization of geothermal systems, which are virtually closed 
and with limited recharge [1]. 

The GHP or GSHP is considered to be one of the world’s 
fastest growing renewable energy applications [2], [3]. They 
have an annual increase of about 10% in the USA and Europe. 
The reported number of installed units all over the world 
exceeds one million. The main advantage of the GHP is that it 
utilizes the ground temperature as a source of heat. Extensive 
research has been found in the literature on GSHP systems, 
particularly on the single U-tube ground heat exchanger 
[4]-[7] or in the general closed-loop GSHP [8]. Recently, 
some designs used horizontal closed loops for heating and 
cooling applications [9], [10]. 

GE has been produced commercially for over 80 years, and 
for four decades on the scale of hundreds of megawatts both 
for electricity generation and for direct use. The utilization of 
GE has increased rapidly during the last three decades. In 
2000, geothermal resources have been identified in over 80 
countries and there are quantified records of geothermal 
utilization in 58 countries in the world [11]. As of 2004, there 
are over a million units installed worldwide providing 12 GW 
of thermal capacity. Each year, about 80,000 units are 
installed in the USA and 27,000 in Sweden. 

The typical ground source heat pump loop configuration 
was discussed by Gerald W. Hutter [12]. He introduced the 
benefits of GSHP use and the keys to successful GSHP 
market penetration. Geothermal heat pump systems can be 
installed in closed and open loop configurations that include 
vertical, horizontal, and surface water closed loops and 
standing column/water well open loops. There are three keys 
to successful market penetration of GSHP that has occurred 
since the 1980s: education and the increase of technology 
awareness, first cost reduction and provision of financial 
assistance to end users. The combination of a simple, 
efficient technology coupled with a growing awareness of 
benefits, a rapidly developing infrastructure and attractive 
paybacks has resulted in successful proliferation of 
geothermal heat pumps. 

In 2010 Louis Lamarche et.al, [13] reviewed and 
introduced some methods to improve the design of 
ground-source heat pump systems. The found that, the heat 
transfer from the fluid to the ground is influenced by the 
thermal borehole resistance between the fluid and the 
borehole surface and also by the interference resistance 
between the 2 or 4 pipes inside the borehole.   

 

II. GEOTHERMAL POTENTIAL IN JORDAN 
The geothermal investigations found out a rich geothermal 

potential in low temperature resources spread amongst 
several geothermal fields. The distribution of the geothermal 
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resources in Jordan is shown in Fig. 1. The general 
characteristics of the main geothermal fields in Jordan [14] 
are summarized in Table I.  
 

TABLE I: GENERAL CHARACTERISTICS OF THE MAJOR GEOTHERMAL 
FIELDS IN JORDAN [8] 

Temp. (oC)  Flow Rate (m3/hr)  Geothermal field  
38-44  300-3000  Himmeh springs  
30-41  200-6000  Mukheibeh wells  
57  700  North Shuneh well  
30-45  30-100  Queen Alia airport  
34-55  1-255  Zara springs  
30-63  1-350  Zarqa Ma’in springs  
35-41  1-25  Wadi Ibn Hammad springs  
50  400  TS-1D thermal well  
39  315  Burbeitta spring  
45-47  376  Afra springs  
57  50  Smeika thermal well  

 
Fig. 1. Distribution of geothermal resources in Jordan 

 
The location of nearly all the thermal springs and the hot 

boreholes are dictated by their proximity to the Dead Sea Rift. 
Thermal spring is distributed along the eastern escarpment of 
the Dead Sea Rift for distance about 200 km, from 
Mukheibeh thermal field in the north to Afra and Burbeitta 
thermal field in the south. Most of the springs have 
temperature below 45°C except in two localities the 
temperature reaches up to 63°C (Zarqa Ma’in and Zara 
springs) [15]. 

 

III. BUILDING AND SITE SPECIFICATIONS 
The building plan is shown in Fig. 2.  The building is 

located in Amman-Jordan. The maximum outside 
temperature is 32.9 in August. The minimum outside 
temperature is 4.2 C in January. The inside design 

temperature is 24 C with 55% R.H for summer and 50% R.H 
for winter.  The total cooling load of the building is 13.4 kW. 
The total heating load of the building is 17.7 kW. 

 

 
Fig. 2. Building Plan 

 

IV. ENERGY SAVING IN DOMESTIC HOT WATER  
The energy saving by using geothermal heat exchanger is 

considered in this section. The calculations are based on 
implementing a geothermal system for a family of 6 persons. 
The hot water demand per person per day is 80 L. The total 
hot water demand for 6 persons is 480 Liter per day. 

Calculating the boiler load for domestic hot water  

ℎ =    ( ℎ − ) 

where  
 =480/3600=0.1333 kg/sec 

=4.186 kJ/kg.K ℎ = 45 C 
= 5 C ℎ =  0.1333 ∗ 4.186 ∗  (45 − 5) = 22.32 kW 

Taking safety factor of 10 % for domestic hot water load 

ℎ = 1.1 ∗ 22.32 = 24.56  

The boiler capacity is the sum of the total heating load and 
the domestic hot water load = 17.7 24.56 = 42.26  

Installing a slinky loop geothermal will increase the water 
temperature entering the boiler 11 degrees. The temperature 
difference between the ground and the fluid in the loop 
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provides the impetus for the energy movement. This will 
reduce the boiler load 6.144 kW.  

ℎ =  0.1333 ∗ 4.186 ∗  (16 − 5) = 6.144 kW 

This requires a 65.12 meter of polyethylene tube. Taking a 
loop diameter of 0.91 meter, results in 23 slinky loops. The 
geothermal heat exchanger installed in the ground increases 
the temperature of the water entering the boiler from 5 to 16 
C. This system reduces the fuel consumption as follows. 

The total boiler load without installing the geothermal 
system is 42.26 kW= 152136 kJ/hr 

The amount of fuel needed for the heating season; = 24  ( ) −   ( ) 

where  
DD: degree days =1067 

 Empirical factor =0.75 

= 21 C 

 =2 C 

The required diesel fuel is 5481.4 L/season. 
Installing the Geothermal system will reduce the fuel 

consumption to 4604.56 L/season 
The amount of fuel saved after installing the geothermal 

system is 876 L/season 
The amount of fuel saved after installing the geothermal 

system is 876 L/season 
 

V. ENERGY SAVING IN HVAC SYSTEMS  
Geothermal system can be used to reduce energy 

consumption in heating and cooling systems. For that a heat 
exchanger for heating or cooling air before entering the main 
coils of air handling unit. The first heat exchanger is placed in 
the AHU unit as extra room between the inlet of the outside 
air and the mixing box. The second heat exchanger which 
consists of pipe system with spiral shape placed in borehole 
underground at a depth between 5-8 m. the material of the 
heat exchanger should have a high thermal conductivity such 
as galvanized steel.  After placing the pipes underground it 
must be buried by high conductive grout to ensure a good 
contact between the heat exchanger pipes and the ground. 
The system should be supplied by a pump to circulate the 
water inside the pipes.  

Using 3/4" galvanized steel for the heat exchanger a total 
length of 6.7 m is required. The installation of the geothermal 
heat exchanger leads to a 30% reduction during winter and 15% 
during summer. The reduction in cost can be referred to 
reducing the power consumption in the air handling unit coil. 
That means a lower capacity heating and coils are required. 
This reduces the number of rows for both heating and cooling 
coils. Consequently, the pressured drop in heating coils is 
reduced. Initial cost of the system is increased because 
geothermal heat exchanger is required. Besides that a 
circulating pump is needed. Drilling the borehole has the 
biggest share in initial cost increase. 

 

VI. CONCLUSION 
Potential of energy saving using geothermal heat 

exchanger was studied in this paper. It was found that energy 
saving ranges between 15% and 30% by installing 
geothermal heat exchanger. The installation of geothermal 
systems in Jordan will have appositive influence on the 
economy because it will contribute in reducing the energy 
bill. 
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