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ground source heat pumps (GSHPs). With regardet@tihanced use of such
pumps in providing heat and cold demands in hormesymercial centers,
institutions and industrial buildings analysis béir performance as well as
their benefits and deficiencies compared to comwaniilation systems have
gained interest of many researchers. Such systppig ground as a thermal
well in summer and as a heat source in winter. Tdgybe used in various
climatic conditions in different regions. They have combustion and they
only transfer heat. In the present article firserfprmance conditions of
ground source heat pumps (in two modes of heatimd) @ooling) are
analyzed. Then in order to assess the performarficpraposed model
economically, its application in Iran will be stedi Finally after introducing
the proposed plan and by concluding the overalilteghe return time for

investment will be estimated. The obtained redubis graph analysis would
indicate the superiority of proposed model overeotplans and also it
provides an appropriate general context for theaehers for a better
understanding and examining this system in compautis other systems.
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1. INTRODUCTION

Most designers use independent thermal system®tade desirable temperature; this matter needs
only fossil fuels or electrical energy and one lbé tways for generating electrical energy is geimegat
thermal through fossil fuels. It is notable thatte@bsorbs 46% of sun’s energy (Figure 1). Sumgsnis the
basis for keeping a fixed earth internal tempegmtiuring the year. It is concluded that, eartni®@ag a lot
of energy resources available and it can be satlttte it is one of the valuable resources in geotial
domain [1].

One of the most important parts to which engingeg too much attention while designing a
building is designing of air conditioning systerReduction of fossil fuel resources on the one fenlever
increasing use of such resources in ventilatiotesys needed by human beings on the other hand atexdiv
researchers to design ventilation systems indeperddossil fuel resources.

Ground source heat pumps (GSHPs) provide a newclaash method of heating buildings in the
world. They make use of renewable energy stordtidnground, providing one of the most energy edfiti
ways of heating buildings. They are suitable fowige variety of building types and are particularly
appropriate for low environmental impact projedthey do not require hot rocks (geothermal energy) a
can be installed in most of the world regions, gsinborehole or shallow trenches or, less commdnly,
extracting heat from a pond or lake. Heat collectiipes in a closed loop, containing water (withttée
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antifreeze) are used to extract this stored enesdych can then be used to provide space heatidlg an
domestic hot water. In some applications, the puapbe reversed in summer to provide cooling [2].
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Figure 1. Distributing sun energy

Due to applied features of ground source heat systiley attracted too many researchers. The
superiority of such systems over other common lain systems is use of ground as a thermal well i
summer and as a heat source in winter. The cripcait in using these systems is their applicaiion
different climatic condition in different regionfn these systems contrary to current common veiatia
systems (in which fossil fuel is combusted and poed heat) no combustion is produced and suchrsgste
only transfer heat from ground.

The only energy used by GSHP systems is electrioifyower the pumps. Typically, a GSHP will
deliver three or four times as much thermal endhmpat) as is used in electrical energy to drivesystem.

For a particularly environmental solution, greemc#iicity can be purchased. GSHP systems have been
widely used in other parts of the world, includiNgrth America and Europe, for many years. Typictilgy

cost more to install than conventional systems; cv@r, they have very low maintenance costs andbean
expected to provide reliable and environmentalignfdly heating for in excess of 20 years. As subhy
make an ideal partner for under floor heating systeHeat pumps offer the most energy efficient way
provide heating and cooling in many applications, they can use renewable heat sources in our
surroundings. Even at temperatures we considee toold, air, ground and water contain useful hieat is
continuously replenished by the sun.

By applying a little more energy, a heat pump caiser the temperature of this heat energy to the
level needed. Similarly, heat pumps can also usstevheat sources such as from industrial processes,
cooling equipment or ventilation air extracted fromildings. Geothermal heating can be more efficiban
electric resistance heating. These systems aretgiscally more efficient than gas or oil fired hieg
systems. They are more energy efficient than aire@heat pumps because they draw heat from, eagel
heat to, the earth, which has moderate temperay@as round, rather than to the air (which is galher
colder in winter and warmer in summer than theheagsulting in less effective heat transfer) slargued
that heat pumps are highly energy efficient, amdefore environmentally benign [3].

In the present work first, performance design afugid source heat pumps is explained in the
second section. In the third section, differentatitments of ground source heat pumps are descehdd
internal structure of theses pumps is briefly rex@d. In the fourth section, these systems are exexin the
light of economy in order to envisage the advardageesffects of the proposed system. Finally infiftle
part of this article as an applied investigationaopractical network the application possibility gfound
source heat pumps in Iran will be evaluated andstibsequent results will be provided.

2. PERFORMANCE PRACTICES OF GROUND SOURCE HEAT PUMPS

To assess and analyze performance of ground sbeatepumps first, studying the performance of
such pumps is crucial.

Ground temperature, unlike the ambient air, is alnmwnstant. Ground heat pumps, of ground or
ground water or both, as the heat source in wismber as thermal wells in the summer use. The grtwad
pumps, also known as geothermal energy systemsterhperature of the earth, to help the fluid sush a
ground water, or a solution of water and antifreexal by the heat pump, is transferred to thenaide the
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house. In summer, the reverse process occursjribis, the temperature taken of the air insidebgnd
ground water or a solution of water and antifreézé&ansmitted to the ground.

In geothermal heat pumps, the air conditioning$esys are dual purpose are used for the cooling in
summer and heating in winter. Heat pumps work betwevo cold and warm source, so that energy
consumption in the compressor can transfer heat Wwarm to cold environments. These pumps use itk ea
as a heat source (Figure. 2) [4].
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Figure 2. Ground source heat pump performanceeistimmer and winter

The most common type of heat pump used with GSHEeBs is a “water-to-air” type. The water-
to-air designation indicates that the fluid cargyiheat to and from the earth connection is watea or
water/antifreeze mix and that the heat distribugatem inside the building relies on hot or cald &he
heat pump may be an extended range unit, allovaagt entering fluid temperatures in heating modeé an
higher entering fluid temperatures in cooling mo#lik the components of this type of heat pump arene
enclosure: the compressor, an earth connectiogftigerant heat exchanger, controls, and an driloigion
system containing the air handler, duct fan, filtefrigerant to air heat exchanger, and condensateval
system for air conditioning.

For residential applications and small commergyatams, a single heat pump unit will suffice. For
larger commercial, institutional or industrial sysis, multiple heat pump units are typically usedain
distributed network connected to a common fluidplo®he heat pump operates using the same cycle as a
refrigerator. The heat pump uses compression apansion of a refrigerant to drive heat flows betwéee
inside of the building and the earth connectionthes Second Law of Thermodynamics, heat will flomkyo
from hotter to colder matter, but a heat pump dilw heat from the ground temperature to warm klimgj
to 22C. At certain times of the year, the tempemtf the ground will be such that heat would flmthe
desired direction anyway. The heat pump may stiichto operate, however, in order to ensure tlatdte
of heat flow is sufficient. This rate is relatedtte temperature difference between the heat purdptlze
earth connection: during cooling, the higher thmgerature of the building, the better the raterahdfer
with the earth connection would be [5].

In heating mode, the heat pump works as followat frem the earth connection arrives at an earth
connection to refrigerant heat exchanger callecetlaporator. On the other side of the heat exchraag®ld
refrigerant in a mostly liquid state. The refrigarés colder than the temperature of the heat tearfhiid
from the earth connection, so heat flows into thfrigerant. This heat causes the liquid refrigerant
evaporate; its temperature doesn't increase muuis.aseous, low pressure and low temperatureyeefmt
then passes into a compressor. This raises thgeednt's pressure and, as a consequence, its tatape
The high temperature, high pressure, gaseous oaffghe compressor is fed into a second heat exghan
called the condenser. In water to air heat pumen dlows air to be heated through this “air coiiff water
to water heat pumps, water which will heat theding flows through the condenser. Since the refageis
hotter than the air or water, it transfers heaittoAs it loses heat, the refrigerant’'s temperatdreps
somewhat and it condenses.

This high temperature liquid refrigerant then pagseough an expansion valve. The valve reduces
the pressure of the refrigerant, and as a consequéts temperature drops significantly. Now, tlosy
temperature liquid flow to the evaporator and tiele starts again. In this way, the heat from ttaewor
other heat transfer fluid in the earth connecti®itransferred to the air or water in the buildihgnce the
name “water-to-air heat pump” or “water-to-wateatpump” [6].
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Performance process of Ground source heat pumpsecaxrplained as follows:

One significant difference between a ground sobea pump and a refrigerator is that the ground
source heat pump is meant to run in both directidiben in cooling mode, the earth connection to
refrigerant heat exchanger becomes the condensérthe refrigerant to air heat exchanger becomes th
evaporator. This is accomplished through a revgreaive inside the heat pump.

A desuperheater provides domestic hot water whercttmpressor is operating. The desuperheater
is a small auxiliary heat exchanger at the compresstlet. It transfers excess heat from the cosgme gas
to water that circulates to a hot water tank. Dyitime cooling season, when air-conditioning rues|diently,

a de super heater may provide all the hot watedetbén a residential application. Some resideritesdt
pumps are designed to provide hot water year raqundantities sufficient to meet a household’s 3@l

Ground sourced heat pumps simply move energy freenptace to another Figure 3. The process of

which is explained on the image below:

1. An Evaporator (ground loop heat exchanger) feaaghe heat from the ground into the fluid ciatirig
in the loop.

2. At this point the energy in the ground loop sfens through the evaporator within the heat pumgp a
into a CFC free refrigerant.

3. A compressor increases the pressure of the m@fkiid, which causes the temperature to rise.

4. This energy is transferred over the condensdriato the distribution circuits, where hot water i
circulated through the under floor circuits andum heating the property.

5. The refrigerant now passes through an expansilwe and the process starts again.

Heat Pump

Circulating
pump
Heating Cycle

Circulating
pump

Heat Source

Figure 3. Geothermal heat pump's performance arstriictural components.

3. COMPONENTSOF GEOTHERMAL PUMPS

Ground heat pumps have two main parts. A circuitriderground piping outside the building, And
a heat pump is placed inside the building. The sure also divided into two parts including pipeside
buildings and outside buildings the fact that theer tube had been within the main devices and are
responsible for preparing the air and hot watepbBuand air, also prepared by the canal will béritisted in
buildings.

The outer tubes of the inner tubes are of greatgsbrtance. The Piping systems outside can be an
open or a closed loop [8].

Ground source heat pumps can be categorized asgheldsed or open loops, and those loops can
be installed in three ways: horizontally, vertigalbr in a pond/lake. The type chosen depends en th
available land areas and the soil and rock typheinstallation site. These factors will help detime the
most economical choice for installation of the grddoop.

For closed loop systems, water or antifreeze swmiuts circulated through plastic pipes buried
beneath the earth's surface. During the winterflthié collects heat from the earth and carriehibugh the
system and into the building. During the summee, shistem reverses itself to cool the building bijinmy
heat from the building, carrying it through thetsys and placing it in the ground. This processteefiee
hot water in the summer and delivers substantibaber savings in the winter [9].
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A. Closed vertical loop
The ideal choice when available land surface istdich Drilling equipment is used to bore small-
diameter holes from 50m to 150m deep.

B. Horizontal loop
Often considered when adequate land surface isahl&i Pipes are place in trenches in length that
range from 30m to 120m.

Figure 4. Closed Vertical Loop system Figure 5.Closed Horizontal loop system

C. Pond (lake) loops

These are very economical to install when a bodwater is available because excavation costs are
virtually eliminated. Coils of pipe are simply p&ton the bottom of the pond or lake.

Open loop systems operate on the same principtéasd loop systems and can be installed where
an adequate supply of suitable water is availabteapen discharge is feasible. Benefits similah&oclosed
loop system are obtained.

Figure 6. Closed Pond (lake) loops system

Figure7.0Open loop system

Open loop systems utilize ground water as a deaetgy source. In ideal conditions, an open loop
application can be the most economical type oftg=otal system.
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4, ECONOMIC EVALUATION OF GEOTHERMAL HEAT PUMPS

Geothermal heat pumps require an il investment cost is relatively high compared theo
conventional systems. However, due to lower maariea costs and lower electrical energy consumg
the initial additional investment cost can be ceden little time [10]

Given that geothermaloil tube, pass through the basement, the costgillihg and filling the
channel, circulation pump, antifreeze fluid is adlde the cost of Heat pump. Major part of the itkent
cost of heat pumps for geothermal drilling costatesl to the terresal channels, is cost of installation
polyethylene pipe. The cost of installing undergrdyipes for open loop systems , with a capacit@,of
and 5 tons respectively about 405, 506 and 675 ®twl for horizontal closed system, about 904 $fto
vertical systems, is about 1028 $/ Installation costs of domestic no underground mpinith The cana
and without the canal, for small household unitisha power of 3, 4 and 5 tons respectively areualp$700
- 5900) , (5550 7000) and (600 8100) Dollar .The total cost for installing of aiedt pump system with
capacity of 3 tons , is approximately 440% , opmplsystems is 6900$ , horizontal closed systeBi@9$ ,
slinky closed system is 8600% , and for verticabel system , is abt 9000$. Figure.5 show the percent:
of the cost components of the vertical closed systeperating costs of a geothermal pump due tangavn
fuel is relatively low compared to other heatingtsyns. because ground source heat pumps are gsddé
and more production electricity , Savings relatilependent on electricity and fuel prices in ttgiae. If the
heat pump in an area where electricity prices apemsive, operating costs increi

10%

B Circu ation pumip W Filler material around pipes @ Piping
0 A nfireeze @ Lrcarvafion B Purchaseof pipes

Figure 8. percentage of the cost components (vertical closed syste

Ground heat pumps are available with differentcedficies. Open loop Ground heat pun
coefficient of performance (COP) Heating, at betw8eand 4 and the cooling coefficient of performa!
range 3.5 is to 6. Closed loop Gnd heat pumps, coefficient of performance (COP)tidgaat between 2.
and 4 and the cooling coefficient of performanange 3 is to 7. In recent years, been achieved
improvements in the efficiency of heat pumps. Tqdesth technology developme of compressors
construction, motors and appropriate controls, gdogource heat pumps have increased efficiency.
average coefficient of performance in ground sotsest pumps is 3.5 and in air source heat pump 14th
to be considered.

Economic aalysis of projects for the time required for retwhcapital that time is needed, 1
annual benefit from the project, to offset theialiinvestment cost. In fact, after a period tirhe projec
reaches the stage of profitabil

5. ECONOMIC CALCULATIONS FOR A TYPICAL BUILDING (A SPORT COMPLEX
BUILDING IN ISFAHAN MUSEUM PARK)

Compared to conventional systems for heating armairap with geothermal heat pumps a sf
complex building in Isfahan Museum Park with of arginning 3562 square meters consider with
heating load 1600 GJ/year , Cooling load 900 Gd/a hot water 550 GJ/year. A maximum and ave
value of heating and cooling load is in accordandth Table 1 [11]. Pay the cost of fuel for heat
consumption in buildings the per Ery one million B.T.U Based on the price of fossiefs and electricit
consumed, can be calculated Heating value of fugtleguipment efficiency (Tables 2 &.
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Table 1. Maximun and average values of heating and cooling tmrad\W

Variable Value
The maximum coolindpad for a very hot sunny day 200
cooling load for araverag 190
Maximurr thermal load for a very cold day 280
thermal load for aaverag 240

Table . Heatingvalueandpriceofenergy carriers

Heatingvalue Fuelpriceswith Fuelpriceswithoutsubsidi
offuel subsidies
Kerosene and 36500 B.T.U/Li 0.18 $/Lit 0.4 $/Lit
Diesel
Natural Gas 36500 B.T.U/® 0.13 $/m 0.4 $/ni
Electricity 3413 0.17 $/Kwh 0.7 $/Kwh
B.T.U/Kwh
Table & the cost of useful energy in a million B.T.U
Type ofSystem The cost of thermal energy The cost of thermal ener
(with subsidies) $/Million (withoutsubsidie) $/Million
B.T.U B.T.U
Kerosen and Diesel 5.1 106.7
Fuel prices * 1000000 Naturz IGas 3.7 121.8
Electricity 39.1 190.5
. . Air source heat pum 18.2 88.4
Heating value of fuel * Efficiency
eating value of fuel * Efficiency GSHP: 112 543
m X arosene and Dizgel  mNatural Gas Electrizity ~ mAirsource heat pumps Ground Source Hear Pumps
30000 -~ —
70000 -
50000 -
50000 -
40000 -
20000 -
—
20000 -
10000 l
0
Cog of themmal load with Ceosof therma load Cos of coolnz load wit Cog of coolinzloead Coxgt of hot water lcad Cost of hot watet load
subesi dies withour suhs dies subsi dles wethout subsidies with subsd es without suibsides

Figure9. Compare the cost of building energy consumpbipdifferent methoc

Efficiency of conventional heating systems usingsfbfuels, oil and gasoline and natural ge
65% to 85% in this study assumed that 75% and icteit of performance Air source heat pump 2.15
coefficient of performance ground source heat pughpshas been consider Given these values, Formul
and higheost assumptions for each one million joules offulsthermal energy consumption will be
accordance with Table 2.
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In the conventional heating and cooling equipmeasrsitder the most critical conditions, but in
choosing heat pump, generally the pump selectigariar consider between the maximum and intermediat
load. For example we can consider the 70 kW theatsal provides the cooling load [12].

When the heat pump alone cannot provide for therdwad of the building Get help electric
elements in an heat pump. Of course there are offigsns the heat pump is according to the maximum
thermal load of the building. With this mode sedettnitial investment costs are more but theré sxilsts
the possibility of using standby electric elememtsheat pumps, that the task supply air and hdemat
home are responsible simultaneously Due to linaitetiin the cold of winter, it is possible the hpatnp
fails to duly both do a decent work to do. In tinede electrical elements are entered.

The annual cost use of types systems for a sponplex building in Isfahan Museum Park, The
Figure 9 would be show prices with the subsidized avithout subsidies. Can be seen, without the
elimination subsidies of energy carriers the metisatbt economically justified.

Economic evaluation of geothermal heat pump systsiead of conventional systems based on the
real price of energy carriers Study and its resatésincluded in Table 4. As can be seen, use geuti heat
pump systems instead of using conventional systeaatlition to significant savings in energy constiom
relatively high initial investment in a period giaroximately 3 years to be compensated.

Table 4. Economic evaluation results using geothéheat pumps instead of conventional systems

Ground Source Heat  Air source heat Electricity Natural Gas Kerosene and

Pumps pumps Diesel
The annual cost of heating 2320 3775 8112 5194 4544
energy
The annual cost of cooling 1290 2097 4507 2885 2524
energy
The annual cost of hot 772 1258 2704 1731 1515
water
Total annual energy cost 4382 7130 15323 9810 8583
Additional cost of initial 8333
investment
Value of annual savings 2748 10941 5428 4201
Rate  of return on 3.03 0.76 1.53 1.98

investment Per year

6. CONCLUSIONS

As air conditioning systems are among the fundaatgydrts of a building, and also because they
play an important role in energy consumption thusytare always one of the concerns of researchers.
Currently one of the key equipment proposed forinsair conditioning systems of buildings is heatnps
which result in prominent reduction in energy canption. Heat pumps are of different types .by caticig
research studies the present work has shown thasibhg heat pumps while using ground as heat satbe
fix temperature the best performance is obtaingd.eBonomical analysis It was proved that using such
pumps in the present conditions in Iran is not ecainally reasonable, but by omitting of subsideswérgy
transferors, this method would be one of the effecvays to save energy. However as a practicapkathe
building of sport complex of Museum Park in Isfahaas economically analyzed and it was concludet tha
the invested money will be returned in this projeithin 3years.
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