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ABSTRACT

Geothermal energy can mean many things to different
people. A common view of this energy is that whish
found in seismic regions where hot water and stesento

the ground surface and can be harnessed for ewensia
Where this energy does not occur, boreholes can be
extended downwards to obtain water at increased
temperatures for use in a range of heating appitsit If

the conditions are appropriate, it is also possiblarill
boreholes to several kilometres below the surfacextract
water hot enough to produce electricity using tuebkiat the
surface.

However, there is another form of geothermal eneviich
makes use of the ground at normal temperaturesnaith
few tens of metres of the surface as a heat s@ndesink
to heat and cool buildings. The key element of this
technology is the ground source heat pump or GSHIP.
winter, the GSHP extracts heat from water circatatin
ground loops and delivers it to a building. In suenyithe
reverse happens with the GSHP extracting exceddroea
the building and dumping it to the ground. Whileedt
geothermal energy is extensively used in other t@ms) it
is rarely encountered in Australia and New Zealdhds
highly likely, however, that for a range of reasotiss is
going to change dramatically in the not too disfatire.

This paper presents an overview of the principleshe
technology and the various factors which influernthe
capital and operating costs of these systems. Cenasidn

will be given to common design methods and whysit i
important that more research and development nieetds
directed at the performance of ground loop systems,
particularly for conditions encountered locally.

1. BASIC PRINCIPLES

Below a depth of around 5 to 8 metres below theasetf
the ground displays a temperature which is a degréeo
above the weighted mean annual air temperaturénaat t
particular location. In Melbourne, the ground tenapare at
this depth is around 18°C with temperatures at chalt
depths varying according the season. Further ntindse
constant temperatures increase a little while foorem
southern latitudes, the temperatures are a fewedsgr
cooler. Figure 1 shows these variations for ag#stat the
University of Melbourne.

Direct geothermal energy uses the ground and its
temperatures to depths of a few tens of metres lasaa
source in winter and a heat sink in summer forihgaind
cooling buildings. Fluid (usually water) is circtdd
through a ground heat exchanger (or GHE, which
comprises pipes built into building foundations, ior
specifically drilled boreholes or trenches), andkbto the

surface. In heating mode, heat contained in theulgting
fluid is extracted by a ground source heat pumpHBS
and used to heat the building. The cooled fluickisjected
into the ground loops to heat up again to comptage
cycle. In cooling mode, the system is reversed igat
taken out of the building transferred to the fluitlich is
injected underground to dump the extra heat togtibend.
The cooled fluid then returns to the heat pumpeteive
more heat from the building. Figure 2 shows a saiem
view of a reversible system in which the groundplf
the GHE are installed in a borehole and are coeddctthe
structure’s conventional heating and cooling distiion
system via a GSHP. Note that these drawings aremot
scale and the borehole would only be around 7%5@nn
in diameter.
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Figure 1: Variation of ground temperature with depth
for University of Melbourne during 2011
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Figure 2: Schematic view of a direct heating and ading
system (borehole not to scale).

According to the CSIRO, energy use in buildings aoteu
for 26% of Australia’'s greenhouse gas emissions and
heating and cooling accounts for over half of this.
Introduction of direct geothermal heating and coglito
Australia and New Zealand on even a moderate scaiéd
have a significant impact on power requirementsh wit
enormous economic and environmental benefits.
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The key to this is that for each kilowatt of elést energy
put into a direct geothermal system, about 4 kiltsvaf
energy is developed for the purposes of heating and
cooling. This means that outside the capital co$tshe
installation, 75% of the power is free. Furtherm@z much

of the electrical power in Victoria is generatedhabrown
coal, replacing 75% of the energy used with a clean
renewable energy source, the greenhouse gas ensiszie
reduced to as little as about 25% of what occurth wi
current practice. Clearly, these are crude assessnoén
what is possible and other fuel sources must bentakto
account. However, the figures do indicate some haf t
significant economic and environmental benefits ta be
achieved.

While the capital costs of installation of a dirgethermal
system are still a little high, with industry bedom better
geared to needs, and with better systems of desmigh
installation, costs should fall rapidly over thexndew
years. This, combined with the likely major increds
costs of conventionally derived energy, will medratt
capital costs can be recovered in a few short years

2. KEY ELEMENTS OF A DIRECT GEOTHERMAL
SYSTEM

2.1 General

There are three main components of a direct gewider
system and each of these requires careful consiolera
when a system is being designed. These compornents a

e the ground heat exchanger (GHE) system or the
ground loops that are placed in the ground for the
selected fluid to pass through to extract or dump
heat,

e the ground source heat pump or pumps, and

e the building to be heated or cooled; its system of
heating and cooling distribution as well as its
heating and cooling demand.

2.1 Ground Heat Exchanger

There are two basic types of GHE; closed loops @eh
loops. A closed loop system comprises pipes placdbe
ground through which a fluid passes and the hezttange
occurs by conduction through the walls of the pipes
Therefore, the fluid remains sealed in the piped does
not come into contact with the ground. There aneeisd
advantages to this system. One of the main advesitay
that there is no extraction of water from the gibland
therefore no need to obtain extractive licensingse&ond
important advantage is that there is no problem of
contamination either from the loop water enterirge t
ground, or perhaps more critically, from the growmaker
contaminating the workings of the pumps.

An open loop system involves water being removeadnfr
the ground and returned after heat is extracteddoied.
Clearly, considerable care must be directed atdbatibn

of the return system so that the discharge wates dwt
affect the intake temperatures. One of the majvaathges
of these systems is that relatively large volumesvater
can be handled leading to large quantities of Beethange.
However, as suggested above, there can be significa
environmental consequences with the temperaturéhef
return water.

For closed loop systems, the GHE can be located
horizontally or vertically (or indeed at any coniast angle

in between). Vertical systems can be installeghirpose
built boreholes as shown in Figure 3 or in elemenfts
foundations as shown in Figures 4 and 5.

Figure 3: Double ground loops in a borehole with a
grout pipe.

Figure 4: Ground loops in a reinforcing cage of adrge
diameter pile before installation (Enercret,
Vienna).

Figure 5: Ground loops in the reinforcing cage of a
diaphragm wall during installation.
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Purpose drilled boreholes tend to be used withdegxial
buildings whereas the inclusion of pipes in fouratat
elements tend to be the general approach with atgel
commercial and industrial buildings.

Where there is adequate space under, in or around a
building, horizontal loops can represent an ecooomi
alternative. Although these systems are not asieffi as
vertical systems principally because they are clésehe
surface and therefore located in the ground where
temperatures are cooler in winter and warmer inrsam
(see Figure 1), shallow excavations tend to be preand

the cost of the extra piping is not normally exoess
Figure 6 shows a horizontal system recently instlafbr a
large residential building on the Mornington Penilasnear
Melbourne and Figure 7 shows a horizontal systerbeto
placed in the platform of an underground railwagtien in
Vienna.

Figure 6: Large horizontal “slinky” ground loop
installation before backfilling

Figure 7: Horizontal ground loops in a mass concret
underground railway platform (Enercret,
Vienna).

It would be reasonable to observe that whereveretlise
contact with the ground, in whatever form, it mag b
possible to make use of this contact to producsstem for
heating and cooling buildings. So it is not onlgase of
making use of this contact in foundations, it coaldo
involve tunnel linings, retaining walls, serviceeriches,
road and other embankments and quarry backfillserd/h
there is an adequately sized body of water in ¢ien fof a
dam, a lake or indeed a large water tank, loopslied in
the water could provide a significant source orksiar
heating and cooling.

Before leaving this general overview of GHEs, it nisy
worth considering the relative merits of the twoim@&HE

systems that are encountered in Australia and Nealafid.
One of these involves the use of HDPE pipes thraujich
water is used and the other involves the use gbeopipes
through which a refrigerant is used. It is temptiadpelieve
that because copper is a very much better heatuctord
than HDPE, the copper/refrigerant system must htehe
However, it is the ground conductivity (which istrgueatly
different from the conductivity of HDPE) and itsrdmant
mass surrounding the GHEs which control performance
with the copper having almost no influence. This baen
demonstrated experimentally (Colls) and numerically
(Bidermaghz). Therefore, when considering the cbshe
copper loops, the severe restrictions that mugilédeed on
the length of the copper loops to ensure the rexfaigt
functions properly, the likelihood of corrosion dfie
copper, the risks of leakage of refrigerant, araittability

of these systems to act passively, this authoeig much

in favour of the HDPE/water systems. This seenisetthe
general case elsewhere in the world where HDPEfwate
systems are by a very long way the most prefelystbs.

2.2 Ground Source Heat Pumps

The technology associated with GSHPs is compaistive
well advanced with a large number of sizes and sype
currently available, although regrettably, not nfactured
locally.

The principle of a heat pump is illustrated in FigB.
Water containing heat from the ground loops arriaethe
first heat exchanger of the heat pump where it @m®
indirect contact with a cooler liquid refrigerahteat passes
from the hotter water to the cooler refrigerantsiag the
refrigerant to evaporate. The gaseous refrigerant passes
into a compressor where the gas is compressed to
significantly increase not only its pressure busoalts
temperature. The hot gas then passes through tomde
heat exchanger where cooler water or air from thikging
comes into indirect contact with the refrigerant dreats
up. As a result of the removal of heat from theigefant, it
condenses back to a liquid at a relatively highperature.
When this liquid then passes through an expansawvey
the temperature drops considerably ready to accepe
heat from the water arriving from the ground loops.
cooling mode, the heat pump simply operates inrseve
with heat from the building being transferred te thater of
the ground loops and then being dumped to the groun
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Figure 8: The operation of a heat pump.

The size of an individual heat pump will vary irnzesi
depending on capacity but typically for a residanti
application, a heat pump would be the size of dtixdge.

2.3 The Building

Clearly, the building which is to be heated and eddk a
critical part of any direct geothermal system natyoin
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terms of the distribution system selected for thdéding
but also in terms of its heating and cooling demartte
distribution system used can take a number of fdyatghe
most common make use of either water or air agrémsfer
medium. Water gives hydronic heating in the flotabs
through radiators or through fan coil units mounited
appropriate locations about the building and aiussally
delivered through ducts located in the floor. These
distribution systems are the same as conventiorsaéms
and details of these may be found in standard tgati
ventilation and air-conditioning (HVAC) references.

The heating and cooling demand of a building cao &l
determined by well establish procedures found ie th
literature and this will be a function of many fart
including the climate, construction forms and miaterof
the building itself, the effects of sun and shadmtilation,
lights and appliances, people present and theiitycand
building use and purpose.

3.0 METHODS OF DESIGN
3.1 Heating and cooling loads

The starting point of any design is determining lieating
and cooling demand for the building. There are ralver of
methods by which this can be achieved ranging froles

of thumb, through simple manual methods to the more
complex software packages that can be purchased fro
many sources. Rules of thumb are usually relatethéo
local climatic conditions and often take the forrh @&
number of watts per square metre of building flacea
required for heating and cooling. For example, in
Melbourne, typical rules of thumb for residentiatag
heating and cooling loads are 75 and 100 wafts/m
respectively. This suggests that for a house ofraB60n?
floor area, the peak loads will be about 15 andV0k
respectively. As these numbers suggest, for Melimuhe
highest demand on HVAC systems is the cooling deraand
the height of summer. For cooler climates, suclvadd be
encountered in northern Europe and Canada, it is the
heating demand which dominates.

For commercial and industrial buildings, rules bfimb
become even less reliable than for residentialdngks.
This is because of the many diverse activities wiiay be
taking place in such a building. It is not just theople
present who have a big influence on the heat gtatkrihe
influence of the processes, the machinery, thditighand
the ventilation can be very large as well.

A more reliable approach to the determination afieads

for any given building is through the various types
software that are currently available. These inelud
programs such as HAP, DesignBuilder, TRNSYS and
System Analyzer.

The above loads have been expressed in terms qfethle
power required for the worst case of heating anddoting.
For conventional systems, this is generally sudfitias this
defines the capacity of the machinery requirecatisfy the
worst design heating and cooling demand. The energy
(power x time), although very important with regaodthe
operatonal cost, has no real influence on the alagitsts of

a conventional system. For geothermal systems henev
while power also has an important influence ondhgital
costs of installation, the energy used is importattonly
with regard to operatiopnal costs but can alsoifsogmtly

influence the capital costs of installation. Thisll vbe
discussed in more detail later.

3.2 Heat pump selection

There are a number of factors which will influenites
selection of a GSHP. The main factor is the capaifithe
pump for the heating and cooling loads estimatadtiie
building. Then there are a number of factors witiake to
be considered in order to obtain the system madgtdstor
a given application. These may include:

e The entering water temperature to the GSHP
which in turn controls the leaving temperature.
This latter temperature is the lowest at design
heating conditions and will determine if
antifreeze is needed in the ground loops.

¢ The entering water temperature for a given GSHP
will also control the power input required as well
as the heating/cooling delivered and therefore
determine the Coefficient of Performance (CoP)
or efficiency of the GSHP.

¢« The flow rate of the water in the ground loops
which will determine the pipe sizes to be used as
well as making sure that the water flowing in the
loops is in the turbulent regime.

¢ The airflow characteristics for a ducted air system
or the water flow characteristics of a hydronic
system.

There are many other factors which may need to be
considered but their discussion is well beyondsibepe of
this paper. Reference is made to the ASHRAE Handbook
for more details.

3.3 Design of GHEs

One of the first decisions that has to be madenindirect

geothermal installation is what form of system Wil used.
If the building is a large commercial or industrmlilding

with significant foundations including large diamepiles,

then it is almost certain that these elementsprédlvide the
location for the ground loops. Where such a bugdia

located on relatively good founding materials, trather

forms of GHEs would have to be considered, andetinesy

not be as economically viable as the former situati
Horizontal systems are rarely adequate for thisnfaf

building.

In the case of residential buildings, horizontal E3Hare
often a cheaper alternative than vertical GHEs (Q&g
However, if there is inadequate space for a hotaon
system, it may be necessary to consider a versigstem
(although combinations are possible).

It then becomes necessary to decide on how longotaé
ground loop must be. Once this is determined, andniy
decided on the length of each borehole, the nunafber
boreholes can be established.

There are a number of rules of thumb which candasl uo
give some assessment of the length of ground IoOps.
such rule is that for each metre of vertical botehdt
would be reasonable to expect a heating power iboititn
of about 60 watts with cooling a little less. Thisuld
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mean that for a residential building demanding akpe
heating load of about 15kW, approximately 250m of
ground loop would be required. This could be
accommodated with 5 x 50m boreholes with the bdesho
spaced at a distance of at least 5m.

It must be emphasised, however, such a rule of bhum
should only be used as a guide to ground loop teagt
there are a number of factors which could have a
significantly influence but not be taken into acaburhese
include the geology, soil/rock properties and thariation,
location, elevation, orientation of loops, boreltménch
size, backfill/grout characteristics, pipe sizesl apacing
and most importantly, the balance and relative ritade
between the heating energy and the cooling energy
extracted from the ground loops. More sophisticated
methods of loop design may be found in design manua
such as IGSHPA (a) and CGC (a). There is also &tyani
software available for this purpose such as TRNSYES)

and GLD.

While each of these design methods use a variety of
approaches to design, the general principles can be
demonstrated by considering the method used by RFSH
(a). For a geothermal system in heating mode, andaf
single loop in each borehole, the total requirengie of
vertical boreholes (L) is given by

CoP — 1
HC (*%5p—)- (Re + Re. Fiy)

~ (EWTp, + IW T @)
(Frmin =)

L=
T

where HC is the capacity of the GSHP at design hgati
conditions, CoP is the coefficient of performancetiod
GSHP at design heating conditionsg & the thermal
resistance of the boreholeg s the thermal resistance of
the ground outside the boreholg, 5 the run fraction of the
GSHP during the design heating month (i.e. the qutign
of the time the pump has to run to provide the iregu
heat), T is the steady state ground temperaturé¢het
borehole location, and EW,}, and LWT,,;, are the entering
and leaving water temperatures respectively ongtbend
side of the GSHP. Note that LWfF is the minimum
temperature that will be experienced by the groamdl it is
important that this is adequately above 0°C otherwis
antifreeze will be needed in the water of the grblaops.

The values of HC, CoP, EWJ and LWT,, are
determined with the selection of the GSHP and @arebd

off the performance data sheets provided by the
manufacturer. | can be established from an analysis of the
variations of demand for the design month.iRgiven by

1 . In (%‘1’)

= 2
So-Kgrows |4k, @

Rp

where [ and D are the outside and inside diameters of the
ground loop pipe, o and k are the thermal
conductivities of the grout and the ground loopepgmd §

is a dimensionless shape factor which is a functibthe
location of the ground loop pipes in the borehdle
diameter of the borehole,gDand the outside diameter of
the pipe, R. IGSHPA (b) considers 3 possible ground loop
configurations as shown in Figure 9 angdiSgiven as

Dg
S =Bo (D_o) ©)
The coefficient$, andp, are as follows:
Configuration Bo By
A 20.10 -0.9447
B 17.44 -0.6052
C 21.91 -0.3796

Piges Gt Fipes Grout

Borehole Boundary Borshale Bourdsry

Borhole Boundary

Configumtion A Configuration B ConfigurationC

Figure 9: Configuration of a single ground loop ina
borehole (IGSHPA (b)).

IGSHPA (b) indicates that a value foi Svhich is an
average between configurations B and C would be a
reasonable assumption for most installations.

The thermal resistance of the ground outside threhude,
Rg, is given by
D¢
In (D_B)

R- =
G ZT[kG

4

where [} is the diameter of the ground around the borehole
beyond which there is little change in temperafuisually
taken as about 5m), ang ks the thermal conductivity of
the ground.

It may be instructive to estimate the total lengih
borehole required to heat a typical house in Malbeu
where the peak heating demand is 15kW. If we assaime
single loop is inserted in each borehole of 114.3mm
diameter (4.5 inches) and the ground loop is to e
HDPE piping of 25mm outside diameter with a wall
thickness of 2.27mm. The thermal conductivities tioé
ground, the grout used and the HDPE are 2.2, [d90atb
W/m°C respectively. For the 15kW GSHP chosen, the
manufacturer's data sheets indicate that CoP= 4, FWT
7°C and LWT,,= 4°C, and it has been established that the
run fraction, |, of the pump will be 0.6. The steady state
ground temperature in Melbourne is typically abb8itC.

Based on this data and using equations (1) to @B, t
required total borehole length is about 310m whiha
little more than was estimated using the rule afnth
discussed above. This could be provided with 6 Homes
to a little over 50m length. The boreholes woulduiee a
spacing of about 5m.

Now it is necessary to consider the influence efrtlative
amount of heating energy and cooling energy takem f
the ground. Where the heat taken out in winter ksqtee
heat rejected to the ground in summer, no corneciso
necessary. However, where the heat taken out exdéed
heat replaced in summer, there could be a progeessi
reduction in ground temperature to not only redsygstem
efficiency but also to cause potential ground fiegz
problems. Based on the above assessment for the frous
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Melbourne, if the total heating energy taken frolre t
ground per year were 20MWh and the total coolingrgn

12 MWh, the IGSHPA design method suggests that the
unbalanced ground load correction factor would beua
1.1 which would require the total borehole length t
increase to about 342m. The greater the imbalatiee,
greater would be the increase in borehole length.

For a geothermal system in cooling mode, the psmses
followed to determine the total length of borehok®
similar to those outlined for heating.

It may be of interest to note that using the abda® with

the EED software, using 6 boreholes spaced at 5SarBix2
grid pattern, 286m of borehole (or 6 boreholes bhoua
48m) was estimated as being adequate. If a doubleng
loop were to be used in each borehole, the totajtie of
ground loops would be reduced to about 242m which
suggests 5 boreholes to about 48m would be required

4.0 METHODS OF INSTALLATION

With all the possible variations of geology, geomet
materials and equipment, there are many factorschwhi
must be considered when drilling boreholes and ikeep
them open, installing and connecting ground loopd a
header pipes and making sure they remain opertidoa
not leak or get blocked, grouting boreholes to roe
performance and connecting the GSHPs to ensuretigée
and continuous operation.

As an meaningful description of these methods i$ no
possible in this paper, the reader is referred38HPA (a)
and CGC (a) for more information.

5.0 CAPITAL COSTS

As discussed above, because direct geothermal yenerg
provides around 75% of the energy for heating aulinng

at no cost, it is a technology which has major ecain
advantages over conventional fossil fuel technelegi
However, while the general cost of furnaces, bsjler
electrical heat exchangers and air source heat pwspd
with conventional heating and cooling technologa®
comparable to or a little cheaper than the GSHPs of
geothermal systems, geothermal systems have a exdjar
capital cost. This is the cost of the GHES, andé¢hzan be
significant and generally need to be paid for umnfr It
follows that the cost effectiveness of any geotlatisgstem
involves minimising capital costs to allow fuel s&ys to
provide as quick a pay-back period as possible.

The capital cost for a geothermal system in Austrahd
New Zealand is currently relatively high and, degiag on

a range of factors, could be as much as $25,083@¢00

(or more) for an average house with reasonably good
thermal insulation. However, it should be emphakiteat

the industry in this part of the world is only justginning
and current high capital costs are due to the latk
experience, low volume of installations, unsophétid
drilling practices, poor availability of materiathe need to
import GSHPs and the tendancy to significantly design.

The costs will certainly drop considerably once tharket

and the industry matures, just as has happenetthén parts

of the world. So what sort of cost is likely ondaist
maturing has occured? Some guidance may be obtained
from a comprehensive study undertaken by the Canadia
GeoExchange Coalition (CGC (b)) in which it was shown

that the average cost of a complete geothermaksy#t
Canada was about $25,000. On the basis that Canada is
generally about 2.5 times colder than, say, Melbeuit
would be reasonable to expect that a complete geoti
system could be installed in Melbourne for lessntha
$15,000, perhaps even less. While other factorst ioes
involved in this extrapolation, especially with pest to
cooling loads, this order of cost does seem passivhen
taking into account the costs of the conventionaligment
replaced, it can be shown that pay-back periogs@ind 6

to 7 years are possible. This agrees reasonabliz wit
overseas experience for the residential instatatiorhe
pay-back period with many commercial and industrial
buildings in Europe has been shown to be even ehort
mainly because the GHEs are usually installed iapde
foundations at no extra cost for drilling.

When the costs of conventional fuels increase ey t
surely will), pay-back periods should become everran
attractive.

6.0 STRATEGIES FOR LOWER CAPITAL COSTS

There are many possible strategies which can bpeteddo
allow for lower capital costs. One of the most impnot
involves investigating the actual performance ofESHand
developing guidelines which will reduce the conatiBm
currently involved with the design of ground loopis is
particularly relevant to the conditions generalieuntered

in Australia and New Zealand. Other strategiesuidelthe
use of hybrid systems in which other sources ofgnare
used in combination with geothermal. There are alafor
opportunities involving the reduction of peak loads
demanded by a building through better design and
insulation, the use of zoning techniques (whereessdeat
from one part of a building is used to heat anottwler
part or where heating and cooling are not provideareas
not occupied), and the use of passive heating anting
systems as well as night purging. The changing of
tolerance, acceptance and/or expectancy levelsuitding
temperatures could also make a considerable differe

Perhaps one of the most effective ways of reducapital
costs while maintaning significant reductions irecgiional
costs is by using geothermal energy to provide -bees
heating and cooling with conventional systems piiog
the peak-load energy. The logic behind this relatethe
characteristics of the climate at any one locatiéor
example, Figure 10 shows the temperature variatiores
design year for Melbourne.
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Figure 10: Annual design temperature variations for
Melbourne.
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The impotant thing to note with this figure is thtile the
temperatures are generally above the ideal building
temperature of around 20°C in summer (i.e. requocicg)

and below 20°C in winter, there is a great deal of
temperature variations by the day and hour. A cltsek at

a detail in Figure 10 is shown in Figure 11 withe th
temperature variations for August.
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Figure 11: Design temperature variations for Augustor
Melbourne.

For this particular month, had it been the desighiest
month, the heating system could be designed fexérnal
temperature of 2.1°C and a building interior tempagaof

20 °C. From our earlier example for a house, thightn
require 15kW to be provided by the geothermal syste
from 342m of boreholes containing ground loops. ks,

it can be seen from Figure 11 that this design teaipre
exists for only 1 hour. Indeed, as is also showerd is
only a small percentage of the hours in the morithre the
temperature is less than 9.3°C which represents a
temperature requiring only 60% of the peak loadilgvhe
capital cost of a geothermal system is approximatel
proportional to the difference between the building
temperature and the peak design temperature (. k
required), the cost of operating the system is @pprately
proportional to the arebetween the building temperature
line and the temperature curve down to the desiggkp
temperature (i.e. KW x time = kWh required).

As may be seen in Figure 11, for a peak design eéeabpre
9.3°C, the area between 20°C and the temperatuiaioa
line for temperatures above 9.3 °C is about 95%®total
area between the 20°C building temperature and the
temperature variation line for August. This indesathat by
providing only 60% of the ground loops, about 95/the
operating costs are covered. For the whole yea,6b%
will provide almost 97% of the year’'s heating. Téfere,
for this scenario, it would only be necessary tovjte
9kW which could be provided by about 205m of boteto
This suggests that the capital costs could be szHudile
maintaining almost all of the the savings made pergy
costs, thereby reducing pay-back time considerakgre
are clearly a range of possible variations withhist
strategy.

But what would be the effect of catering for only¥6®f
the peak load? Basically, for those temperaturesideithe
60% level, the equipment would only be capable at p
heating or part cooling the building. There are esav
possible strategies for dealing with this but oh¢he most
effective would be, as shown in Figure 12, to idellan
auxilliary system such as a conventional fuel famat a
relatively moderate cost to provide the shortfallo Bf

heating or cooling energy. In the case of residénti
buildings which have been retrofitted with a geotfe
system, the auxilliary system could simply be tkisteng
heating and cooling system which, while more expent®
run, would only be operating for a small proportmithe
total time.

Building to Geothermal ground

be heated loops

Augxiliary
heating

Figure 12: The use of an auxiliary system to reducthe
capital costs of a geothermal system.

2. CONCLUDING COMMENTS

Based on the very rapid rise of direct geotherma&rgn
systems for heating and cooling buildings in matiyeo
parts of the world, it is clear that it is a teclogy which
will play an important part in our energy mix ote next
few years as our reliance on fossil fuels is regdadhis is
particularly true when considering the rapidlymigicost of
these fuels as carbon taxes bite and as we alptitce
need to reduce our production of carbon dioxide aiher
greenhouse gases.

Presently, in Australia and New Zealand, becausalitect
geothermal industry is in its infancy, the costs of
installation are still unacceptable high. It follewhat the
sooner we can mobilise acceptance and demand, &dgevl
and expertise, training and accreditation, the spdhe
trades, professions, developers, architects, rewgala
politicians and the general public can have a neatlirect
geothermal industry providing clean, efficient andst-
effective heating and cooling for our buildings.
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