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Abstract - Climatic reformation due to global warming, the diminution of fossil fuel sources and insistence for rising toxic 
wastes are the incentives for swapping conventional energy sources with natural resources. The ground assisted heat 
exchangers are among the best ever raising applications of the renewable energy for recent few decades. Despite the exercise of 
ground assisted or geo-thermal heat pumps for more than a few years market incursion, is still at its infancy. This study reviews 
heat pump studies in detail with the historical development of its ground assistance, and finally, studies conducted on ground 
source heat pump were reviewed. 
 
Index Terms - ground, renewable, geo-thermal, heat pump.  
 
I. INTRODUCTION 

   
Increasing demand of power gradually diminished 
non- renewable energy sources and increased the 
environment pollutants; therefore sources of 
renewable energy become only method to meet the 
demand of future. Fossil fuel ingestion conduces to 
these damages. From the viewpoint of ecological 
sustainability, developing renewable energy supply 
and recuperating efficiency of the systems has become 
significant. Heat pumps are the component of the 
environment-friendly equipments when use renewable 
energy and are being employed in developed countries 
for decades due to high energy efficiencies. Presently, 
heat pump expertise has been developed universally as 
a clean and energy efficient heating and cooling 
element. It has been extensively used in apartments, 
hospitals, multi- plexes, and office buildings. 
 
The application of ground energy helps ease the 
utilization of fossil fuels and thus improving the 
quality of air. However, the ground source water is 
typically discharged at 35-50oC directly, since low 
enthalpy energy is comparatively more complicated to 
extract. This tradition not only results in low 
efficiency of using earth energy resources but also 
originates pollution to the atmosphere. In order to 
solve the problem, a ground assisted or ground source 
heat pump (GSHP) is frequently used. Among the 
several kinds of heat pump systems, vapour 
compression heat pump system is extensively 
accepted for its mechanical simplicity. The ground 
assisted heat pumps are with different names like 
ground-couple heat pumps, geo-thermal heat pumps, 
earth-couple heat pumps, ground-water source heat 
pumps, well-water heat pumps. 
 
A little foot beneath the ground label the surface 
temperatures keep almost constant throughout the 
years [Fig. 1]. For this reason GSHP is efficiently used 
whole of the year. The GSHP are increasingly used in 
commercial and residential buildings as space cooling 
purpose. It utilizes the ground as a source for the 

heating purpose and as a heat sink for cooling purpose. 
In the heating mode of ope- ration, GSHP absorbed 
heat from ground and it uses to heat buildings. In the 
cooling mode of operation, absorbed heat from the 
apartment space has been transferred to the ground 
through the ground heat exchanger (GHE). 
 
II. GEO-THERMAL ENERGY 
 
The massive store of heat energy in the earth ground, 
endowed with mainly by the decay of natural radio- 
isotopes, is the eventual basis for geothermal 
resources. It consequences in a global terrestrial 
emission flow of 40 million MW, which alone would 
consume the earth’s heat more than 109 years. So, the 
geo-thermal resource basis is excessively large and 
omnipresent. 
 

 
Fig. 1. Temperature profile down the earth. 

[Source: Prof. B Sanner, University of Giessen] 
 

Geo-thermal energy is assorted as a renewable source, 
where “renewable” illustrates an attribute of the 
resource: the energy eradicated from the resource is 
unremittingly restored by more energy on time scales 
equivalent to those required for removal. 
Consequently, geo-thermal utilization is not a 
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“mining” procedure. It is preserved in a “sustainable” 
manner, means the production method applied is 
capable of sustaining the production level over large 
time gap. An enhanced geo-thermal system (EGS) 
revision showed that sustainable output can be 
attained with low production rates and can afford 
similar total power yields as those reached with large 
extortion rates. Revival of geo-thermal sources 
following extraction is a method that occurs over 
different time scales, devolving on the sort, size and 
rate of production, and the features of the resource. It 
depends on the tempo of heat or fluid re-supply. The 
recovery normally experiences asymptotic manners, 
being sturdy at the beginning, and then dawdling down 
subsequently, and taking long time to reach its original 
status. However, practical replacement (e.g. 95%) 
would occur much earlier, usually on time scales of the 
similar order as the lifetime of the geo-thermal 
production structures.  

 

 
Fig. 2. Principle of geo-therm extraction [1]. 

 
If not utilized, the terrestrial heat may get lost to the 
ambiance. In such case, the isotherms lope parallel to 
the earth’s surface and the orthogonal heat flow lines 
tip towards it [1]. If, instead, the heat flow lines 
diverted towards heat sinks due to the distortion of the 
isotherms, the heat flow may be detained [Fig. 2]. 
Creation of heat energy from geo-thermal reservoirs 
directs to the organization of such heat sinks and 
hydraulic pressure depressions. Heat can be produced 
at different extraction rates. Extreme production may 
bring economic advantages, like prior return of 
extraction, but could also guide to resource 
deterioration. However, via moderate production 
tempos, the durability of production can be protected 
and sustainable erection attained. 
 
III. Heat Pump  
 
Heat pump is a thermal mechanism based on a reverse 
Carnot cycle (uses drive energy to produce a thermal 
effect). Heat pump shifts the energy from a source 
with low temperature to a source at high temperature 
consuming the driving power. 
 Heat source: a gas or air (open-air, hot-air from 

process ventilation, hot-gases of industrial 
practices); a liquid called generic water: surface 

water, ground-water, discharged warm-water 
(domestic or re-circulated in cooling towers); soil. 

 Heat consumer: space heating; radiant panels 
(floor, wall, ceiling); warm-air, or convective 
systems; water heating (pools, domestic and 
technologic hot-water). 

 Drive energy: electrical energy (compressor); 
mechanical energy (expansion devices); 
thermo-mechanical energy (steam ejector); thermal 
energy (absorption cycle); thermo-electrical energy 
(Péltier effect). 

 
The procedure of uplifting low temperature energy to 
above 38oC and transferring it indoors engrosses a 
cycle of compression, condensation, expansion and 
evaporation [Fig. 3].  
 

 
Fig. 3. Schematic of a heat pump system procedure. 

 
The performance of a heat pump system is illustrated 
by the co-efficient of performance (COP) defined as 
the ratio of the useful effect produced to the drive 
energy. If both usable energies are summed up for a 
season (year), it is seasonal co-efficient of 
performance, which is often indi- cated as SPF. In the 
heating mode the COP is defined by equation:  
 
COP = Q E⁄ ;  
 
in which Q  is the thermal power of heat pump in 
Watt, E  is the driving power of heat pump. A heat 
pump works exactly similar to an air conditioner in the 
cooling mode. The energy efficiency ratio (EER  = 
Q E⁄ ) is analogous to the COP but tells the cooling 
performance, in which: Q  is the cooling capacity of 
heat pump, in British thermal unit per hour (Btu/h). 
The co-efficient of performance of heat pump in 
cooling mode is obtained by equation: 
 
 COP = 	EER 3.413⁄ ;  
where value 3.413 is the transfor- mation factor from 
Watt in Btu/h. 
 
IV. GROUND ASSISTANCE 
 
Renewable energy for instance solar, wind, earth 
energy etc. produces negligible green house gas 
emissions. The temperature under the ground is 
literally steady below the frost line. The earth inside is 
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warmer in the winter and cooler in the summer than 
the atmospheric air. Accordingly, the ground seems to 
be an efficient heat resource/sink. The ground assisted 
heat pumps consist of a large range of arrangements 
that can utilize ground water as heat sources/sinks and 
recently, they have attracted more interest due to 
dominance of high energy-efficiency and 
environment-friendliness [2, 3]. GSHP scheme 
includes three principle components: (1) a ground 
linked sub- system, (2) heat pump sub-system, and (3) 
fluid/heat distribution sub-system. These systems are 
basically classified into three different categories by 
ASHRAE [4]: (1) ground-water heat pump (GWHP), 
(2) ground-coupled heat pump (GCHP), and (3) 
surface water heat pump (SWHP). The GSHPs use to 
be employed best with heating schemes, which are 
optimized to work at a lesser water temperature than in 
radiant panel systems (wall, floor and ceiling). GSHPs 
are capable of reducing heating energy by 20-40% and 
cooling energy by 30-50% [5]. They are likely to be 
more lucrative than conventional methods in the 
following purposes: in new construction where it is 
easy to include; in weathers characterized by large 
daily temperature swing; where winters or summers 
are severe; where electricity cost is high; where natural 
gas is unavailable or cost is higher than electricity. 

 
GWHP system [Fig. 4a] confiscates ground-water 
from a well and distributes it to an intermediate heat 
exchanger to serve as a heat source/sink [4]. Unitary or 
central plant design may be used. The central plant 
utilizes a small number of big-capacity chillers 
providing hot or chilled water to a two or four-pipe 
distribution structure. The unitary approach is more 
popular where a large number of miniature 
water-to-air heat pumps are allocated through- out the 
building and likely to be more energy efficient. 
Necessitated ground-water charge depends of 
evaporator cooling capacity and water cooling degree. 
The specific elements of managing ground-water are 
similar. Principal items include (1) supply and 
injection wells, (2) well pump, and (3) ground-water 
heat exchanger. The ground-water is sent away 
through the crest of the heat exchanger, then, by 
gravity to the rejection well [3]. When the rejection 
well cannot recover all ground-water flow is proposed 
the outside drainage through a network of buried 
perforated pipes or directly towards lake, river or 
sewer. Heat pumps always work in the same optimum 
temperatures regardless of the outdoor conditions, 
because of the automation. During summer, the 
intermediary heat exchanger can run in a passive 
cooling mode when the heat pump produces domestic 
hot-water only using the heat recuperated from the 
air-conditioned room. 
 
A GCHP system comprises a ground heat exchanger 
(GHE) buried in the earth and a reversible vapour 
compre- ssion cycle [Fig. 4b]. The GCHP is further 
classified according to GHE type: horizontal GHE and 

vertical GHE. Single-pipe horizontal GHE contains a 
series of parallel pipe structures arrayed in dug 
trenches under the ground [6, 7].  
 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Schematics of (a) GWHP; (b) GCHP; (c) SWHP. 
 
The values of the specific absorption power Q  for the 
required ground area A  are given in Table 1 [6, 7]: 

 
A = Q Q⁄ ,  
 
where Q = Q − E  is the cooling capacity of heat 
pump. Some especial GHEs were develop- ed to 
decrease required trench area [9]. Multiple pipes 
placed in a single trench reduce more quantity of 
required land area. The spiral coil is accounted to 
further diminish required ground locale. In the vertical 
GCHP, the heat exchanger patterns may contain 
several boreholes, each containing one or double 
U-tubes. The required borehole height L  can be 
determined by steady-state heat transfer equation as 
follows [4]: 
 
L = qK /(T − T ),   
where q is heat rate in kW, K 	 is ground effective 
thermal resistance per unit length in mK/kW,  T  is 
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ground temperature and fluid temperature, both in K. 
The effective ground resistances depend mostly on the 
soil thermal conductivity and, to a minor degree, on 
bore and ground diffusivity. Alternative methods to 
com- pute the thermal resistance are given by Bernier 
[10] and Hellstrom [11].  

 

Type Q  [W/m2] 

Dry sandy 
Moist sandy 

Dry clay 
Moist clay 

Ground with water 

10-15 
15-20 
20-25 
25-30 
30-35 

Table 1. Specific absorption power for ground [8]. 
 
Advantages of the vertical GCHP are that it (1) 
requires small open ground area, (2) is in contact with 
more soil that varies little in temperature, and (3) can 
yield the most effective system performance. Only 
disadvantage is the higher cost of expensive 
equipment to drill borehole. 
 
Surface water bodies can be used as very good heat 
sources/sinks. The maximum density of water at 4oC, 
in combination with the normal modes of heat transfer 
creates temperature profile advantageous to competent 
heat pump function. In very high ambient temperature 
cases, lakes are the very best water supply for cooling. 
Heat is transferred to or from the lakes by the working 
fluid circulating inside the submerged coil linked with 
water-to-air heat pump in a closed-loop system. 
Thermal stratification of water habitually maintains 
huge amount of cold water undisturbed close to the 
bottomland of deep lakes. This portion is chilly 
enough to cool the buildings sufficiently by just being 
circulated using heat exchangers. In an open system, 
water is taken by pumping from the lake and returned 
to the same lake some distance apart from where it was 
taken. Advantages of closed-loop SWHPs are: (1) low 
cost due to reduced excavation, (2) low pumping 
power required, and (3) low running cost. The 
possibility of coil damage in public lakes and wide 
variation in temperature are the common 
disadvantages. 
 
V. ENERGY ECONOMY ENVIRONMENT 
 
The environmental safety of is one of the most 
important compulsions, whose objectives had been 
identified during the Earth Summits in Rio (1992), 
New York (1997) and Johannesburg (2002). Any sort 
of power generation, so the major geothermal 
applications, power production and dir- ect use, will 
have various impact on the environment depending on 
the technology exercised. These necessitate be 
identifying, quantifying and, obviously eliminated to 
conform the environmental guidelines. Geothermal, a 
domestic foundation of power, might replace all other 

varieties of energy sources, specially fossil fuels. Geo- 
thermal power generation causes much lesser 
emanation of greenhouse gases than other 
technologies [12]. For many countries, geothermal 
energy directs to a huge reduction in their reliance on 
imported fuels, and it means the abolition of 
pollutants. GSHP deals with the environment to afford 
clean, competent, and proficient energy saving heating 
and cooling through the year.  
 
Heat pumps run by electricity produced from 
renewable sources reduce emissions considerably 
relative to that from fossil fuel power plants. The 
renewable component (66%) replaces the need of 
primary fuels, which produce GHGs emissions upon 
burning and add to global warming [8]. An analysis 
has been performed [13] to guess the total equivalent 
warming impact (TEWI) of GSHPs in contrast to other 
heating/cooling methods in residential and 
commercial buildings. The modeling results show 
reductions from 15 to 77% of CO2 emissions for the 
relevance of GSHPs. With rising demands of 
electricity produced from renewable resources, 
installing geo-thermal heat pumps in existing 
constructions turns into a more and more smart 
decision regarding both primary energy load and CO2 
emissions.     
 
VI. UTILIZATION IN COUNTRIES 
 
The data on the countries listed in Table 2 came from 
the WGC2005 [14] updates and recent literature, in 
order to draw a comprehensive overview of some 
major uses by the countries as regards geo-thermal 
development, programs and prospects. Geo-thermal 
heat pumps have the major energy use and set up 
capacity, justifying 54.4% and 32% of the worldwide 
capacity and use, where a total of 1.3 million GSHP 
systems had been installed worldwide in 2004 [15] 
with a total capacity of nearly 15.3 GW [Fig. 5]. 

 

 
Fig. 5. Most of thermal capacities of installed GSHPs in world 

market in 2004 [15]. 
 

These are very common in the United States, 
Denmark, and Sweden, and their numbers keep 
growing throughout Europe [16]. China is one of the 
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major consumers of geo-thermal energy in direct uses 
[17].  

 
Country Capacity (MW) Use 

(GWh/year) 
Argentina 150 169 
Australia 109 824 
Austria 352 619 
Brazil 360 1839 

Bulgaria 109 464 
Canada 461 707 
China 3687 12600 
Czech 

Republic 
204 339 

Denmark 330 1222 
Finland 260 541 
France  308 1443 
Georgia 250 1752 
Germany 504 808 
Hungary 694 2205 
Iceland 1844 6806 
India 203 446 
Italy 606 2098 
Japan 822 2861 

Mexico 164 536 
Netherlands 253 190 

New Zealand 308 1968 
Norway 600 857 
Russia 308 1706 

Sweden 3840 10000 
Switzerland 581 1174 

Turkey 1495 6900 
United States  7817 8678 

Table 2. Summary of direct use worldwide [15]. 
 
VI. FUTURE DEVELOPMENT 
 
Future considerations are based on the sustainability, 
environmental fortification and fruitful resource 
managing that can be prolonged over long span of 
time. 

 
Fig. 6. Global profits of renewable energy [18]. 

 
Renewable energy endows with a host of advantages 
to the society, as explained in Fig. 6. Besides the 
reduction of CO2 emissions, governments have 

endorsed renewable energy policies to get a number of 
goals including the conception of neighboring 
ecological and health benefits; improving economic 
and social development through possible employment 
opportunity and getting energy access, basically for 
rural regions [18]. 
 
CONCLUSION 
 
Geo-thermal resources always be believed renewable 
on the time-scales of societal coordination and does 
not need the geological times of fossil fuel coffers. The 
revival of high-enthalpy source is achieved at the same 
locality from where the heat has been extracted. 
Furthermore, truly sustainable creation can be attained 
in heat pump systems. Usually the ecological 
impingement of geo-thermal energy generation and 
use are negligible or controllable. A large quantity of 
ground-assisted heat pump installations has been 
extensively utilized in different types of constructions 
around the world for the last few decades due to the 
striking benefits of environment-friendliness and high 
effici- ency. For renewal, the applicability is to some 
extent restricted and for all the time depending on the 
case. A comprehensive analysis of the past, recent and 
future role of ground assisted heat pumps for reduction 
GHG emissions has been presented here. There are 
proposals that so as to maximize the release of 
renewable energy, it makes profitable sense to connect 
pricey renewable elec- tricity to ground assisted heat 
pumps as quickly as possible. Besides, the use of 
existing GSHPs in developed standard constructions 
with cheap heat demand, the improvement and market 
opening of fresh high-temperature heat pumps is a 
major task for the substitution of conventional heating 
schemes with GSHPs in existing buildings. Although 
many attempts have been exploited on the progress 
and rele- vance of the GSHP systems, there are still 
only some areas that need to be prepared for upcoming 
knowledge in order to further expand the applicability 
of GSHP technology.   
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