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ABSTRACT

The use of geothermal as one of the important energy alternatives that has
increased interest in facing the excessive use of fossil fuels as a main source
of energy. The excessive use of fossil fuel is the main cause of climate
change in the world as a result of greenhouse gas emissions. One of the
most important applications of geothermal is its use in the heating and air
— conditioning sector in residential and commercial buildings, as well as in
the electric power generation sector, especially in depths that reach a
temperature of more than 200°C. In this study, geothermal energy was used
in the application of air — conditioning and knew its effectiveness in
reducing electrical energy consumption compared to traditional systems in
the city of Baqubah. A geothermal system was used with a window type
air conditioner of a two tons refrigeration capacity to find out the
contribution of using geothermal energy in reducing the electricity
consumption. The study is a comparison with traditional air conditioning
systems. Electricity consumption was calculated for three scenarios: the
geothermal system alone, the traditional air conditioner system (A/C)

alone, and the combined system (the geothermal system and A/C system).

The coefficient of performance factor (COP) and energy efficiency ratio
(EER) were calculated for the three approaches 5.54, 18.9, 1.52, 9.383,
1.87, 9.8 respectively. The results obtained from the study have
demonstrated the possibility of benefiting from geothermal energy in air
conditioning applications in Iraq and reducing electricity consumption by
reducing dependence on traditional air conditioning systems. The
reduction in energy consumption for the summer season was by 12% to
15% for the combined air-conditioning system, while when using the
geothermal system alone in the winter season, the reduction in energy

consumption was by 87%.



Finally, these finding may approve that, the geothermal system can be used
as an auxiliary in summer season to decrease electric energy consumption
by 15%. Moreover, in winter, the geothermal system alone guarantee the

comfort condition most of the season (Tj,400r = 22°C and RH= 60%
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CHAPTER ONE INTRODUCTION

CHAPTER ONE
INTRODUCTION
1.1 INTRODUCTION

Cooling and heating for residential, commercial, and industrial
buildings are consuming a big portions of energy. The energy costs is an
important factor. One of the energy consumption side effect is greenhouse
gases (GHGs) emissions, which cause global warming [1, 2].

In another hand, the increasing in demand for fossil fuel will accelerate
depleting it in about 60 years or less [3]. Moreover the world crises and
problems like energy crisis in the seventieths of twenty century, Arab gulf
crisis, the Middle East crisis, danger of nuclear power plants, and global
warming. All these reasons have urge many consumers countries for fossil
fuels to find solutions and cheap alternatives. These solutions are the
sustainable, ocean, offshore, tides, solar, wind, biomass, hydro, and

geothermal energies.

These alternatives have many advantages as bellow:
1- Abundant and multi —resources.
2- Cheap for long —term and low risks.
3- Environmentally friendly, low pollution, low greenhouse gases
(GHGs) emissions [2, 4, 5].
4- Energy saving [5].

The good examples for little to no GHGs emissions are the systems that
use the sustainable energy like solar, biomass, wind, hydro, and geothermal

energies [4].
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The thermal energy stored in the earth was estimated about 12.6 *
10**M1J, and 5.4*10%'M1J (1.5*10'?> TWh) of thermal energy in the crust of
earth [6]. Natural gas and electricity utilization represents practically 50%
of the necessary energy in Canada [7]. Cooling and heating commercial
and residential buildings in Canada consume a large amount of energy
required for buildings, about 60%, and this requires finding quick and

effective solutions to reduce energy consumption [8].

The use of hot springs in heating was economic. The consumed electrical
energy in the building was reduced about 26%, the A/C heating systems
was decreased by 54% of electric energy, and the reduction in electricity
consumption by the air host is 66.5%. Expenses 126.7New Thailand
Dollars(NTS$) will produce 1kg of carbon-dioxide (CO,) emissions [9].

1.2 GEOTHERMAL ENERGY

The energy saved under the surface of the earth is known as
geothermal energy. Although the huge energy potential of geothermal, but
actually a small portion of it can be utilized. The increasing depth into the
crust of the earth will cause increasing in pressure and temperature, so that
the utilized geothermal energy will be more efficient. The Low-Enthalpy
forms of energy are found in geothermal resources that have temperatures
under or equal to 200°C, and it is suitable for direct —heating applications;
and High-Enthalpy forms where temperatures more than 200°C are suitable
for producing electricity [6, 10]. The temperature under earth surface at
specific depth is relatively constant for all days of the year and this depth
varies depending on the geographical location. Ground source heat pump
(GSHP) systems is an umbrella term used for a group of diverse systems
that use groundwater, ground and surface water as a heat sink or source to

provide the spaces cooling or heating and utilize the hot - water for

2
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domestic applications. GSHP is divided into three types according to the
type of external heat exchange system, which are GWHPs, GCHPs and
SWHPs[11]. GSHP invention can provide a higher energy proficiency for
cooling and A/C system contrasted with traditional A/C frameworks in
light of the fact that the underground climate gives low- temperatures for
cooling and high- temperatures for heating and encounters less temperature

vacillation than encompassing air [10].

Figure (1.1) Structure of Earth's interior[12]

Advantages of GSHP Systems [13]:

1- Small space requirements.

2- Aesthetics (no outdoor equipment).
3- Easy to operate and control.

4- Simplicity.
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5- Comfort.

6- Low repair and maintenance requirements.
Disadvantages of GSHP Systems [13]:

1- Profit is limited for manufacturers of HVAC equipment.
2- Application of GSHP is new and innovative.

3- High initial cost.

1.3 APPLICATIONS OF GEOTHERMAL FOR COOLING AND
HEATING

The high initial costs and long payback period of GSHP systems are
the main factor in their lack of wide spread in the local market. Much of
the time, market entrance impedance for GSHP frameworks can be eased
with the utilization of proper computational devices for configuration
investigations. Improving the financial standpoint of potential
establishments can be tended to by hybridizing GSHP frameworks with a
helper framework; the structures base burden requests are met by the
GSHP.

Framework and any extreme pennacles are met by a helper framework.
Because of the exceptionally factor nature of measuring GSHP
frameworks, general principals presently utilized by the business don’t
generally relate to a streamlined plan. Trending to the issue, built up
another computational methodology, supplanting the dependable guideline

strategy for estimating crossover GSHPS[14, 15].

The technology of GSHP systems is an alternative energy technology that
is distinguished from traditional heating and cooling systems by being

environmentally friendly. This has led to its increasing spread in the
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commercial and industrial markets and not limited to the residential
buildings market only. One of the main reasons why GSHP systems are so
unattractive compared to traditional alternatives are the often high initial
costs, long payback period and low return on investment. To reduce the
initial costs of GSHP systems and make them more economically feasible,
hybrid GSHP systems are used, which is an important solution. To meet
the needs of the basic loads, hybrid GSHP systems are used, and to
complete the peak requirements, traditional systems are used. In a hybrid
system the capacity of the GSHP is determined by following approximate
thumb rules where calculations are made to test its economic viability. The
process currently used to determine GSHP capacity is neither optimal nor
mathematically rigorous. A rigorous computational and mathematical
approach to determine the size of GSHP within hybrid systems was used.
In its methodology, this study relied on testing ten cases of residential,
commercial and industrial buildings. Significant reductions in initial
installation costs, reduced payback period, and reduced operating costs can
be obtained when using this methodology compared to the following basic
rules or if non-hybrid air conditioning systems are used. The improvement
in most cases makes GSHP systems economically viable as they meet a
very large part of the annual demand for cooling and heating of buildings,
usually estimated at more than 80%][14]. For instance, in Sagia et al's.
Study, the cooling tower (assistant cooling framework) was measured to
meet 20%, 30%, and half of a specific structure's cooling load [15], with
the equilibrium met by a GSHP. Paradoxically, the strategy proposed by
Alavy et al. naturally estimates the warming and cooling frameworks,
meeting the structure's pinnacle cooling and warming burdens, with
consistently factor assistant framework limit. The most affordable plan is
chosen dependent on the least net present estimation of capital and working

expenses. Since this procedure was grown as of late is still ineffectively

5
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comprehended, a huge information hole exists on how best to apply these

new methods[14, 16].

Yong Wang et al. [17] proposed an enhancement of open-loop,
surface water heat pumps (SWHPs) efficiency by improving the design of
intake water. The water temperature at inlet is important factor that effect
on energy efficiency of the SWHPs. This study suggested a two design
methods to enhance SWHPs efficiency. A comparison and analyzing was
made between the numerical model, which concerns to a SWHPs
parameters such as energy consumption and intake temperatures of fluid.
The results show that, the amount of energy consumption, decreasing the
water velocity at delivery has no important effect, while using multi- intake

ports will increase the efficiency.

Debasree Roy et al. [18]presented an investigation of performance
and feasibility for vertical GSHP systems that used for cooling and heating
application. The building area was 9000m? with subtropical and tropical
climate. The study use the Ground-Loop Design (GLD) software to
perform the GSHP systems design for every location, and use the Energy-
Plus v9.0.1 software to simulate the cooling and heating loads of the
building. Assessing the installation of GSHP system feasibility from point
of view economically by using the multiple years cost analyzing. It found
that in tropical climates especially near equator the GSHP systems where
used in the cities may not be economically feasible due to high-cooling
demand and insufficient performance. The system exacerbation in tropical
cities are caused by the soil thermal imbalance due to the greater demand
for cooling and heating. To overcome the problems of GSHP in tropical
cities near the cancer tropic, special design techniques must be developed
or adding sources of hybrid energy. Where the balance happens between

the cooling and heating loads in subtropical climate cities, GSHP systems
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will be economic and efficient. This study used ten cities in different places

in the world, subtropical and tropical climates, and different soil properties

[18].

In Iraq, Ahmed Al-Samari and Sameer D. Ali conducted an experiment to
evaluate the effectiveness of surface geothermal energy in air-conditioning
applications. The study proved the possibility of using geothermal energy
to obtain a good difference in temperature between outdoor and indoor by
about 18°C. Moreover, the use of geothermal system alone does not achieve
the comfort condition of 25°C and relative humidity of about 55%. On the

other hand, it achieved a reduction in electricity consumption by 60%[19].

In this study, the combined air-conditioning system (Geothermal system
and Window type air-conditioner) will be used and its effectiveness in

decreasing electrical-energy consumption will be known.

1.4 OBJECTIVE OF THE PRESENT WORK

1. Studying the use of geothermal energy in air — conditioning and its

effect on electricity consumption in residential sector.

2. Studying the effect temperature and relative humidity on electrical

energy consumption.

3. Carrying out design calculations on the heat exchanger used in the

geothermal system.

4. Calculate COP and EER for three air — conditioning systems, geothermal
system, combined system (geothermal system and traditional air—
conditioning system) and conventional air — conditioning system alone in

heating and cooling seasons.
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5. Using HAP 4.9 software in calculating the thermal loads and
simulating the systems in air — conditioning and their annual

electricity consumption for the studied space.

6. This study aspire to investigate the benefit of using the shallow
depth geothermal energy for cooling and heating application in
residential buildings in hot severe climate in summer and cold climate

1n winter.

1.5 Thesis outlines

¢ The first chapter is an introduction to the traditional energy used in
cooling and heating, the global crises that affected it, and the use of
geothermal energy as one of the inexpensive alternatives to renewable

energy.

¢ The second chapter provides a brief explanation of some literary
studies and their findings on the use of underground energy and its most

important applications and contributions to reducing the use of fossil fuel.
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> The third chapter deals with the theory and governing equations that
used in this thesis and the important laws, equations, formulas, and
simulating program.

¢ The fourth chapter shows the methodology in research of where the
location of the site and the equipment used in the geothermal system and

the method of getting results.
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¢ The fifth chapter shows the details of the results as charts, tables and

graphs of the data in addition to the discussion of these results.

¢ The sixth chapter present a conclusions for this work and some

suggestions to the future works.



