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ABSTRACT

With one of the highest energy dependencies irEtlm®pean Union, Ireland
must adapt quickly to renewable energy technologiessk paying the penalty in the
form of high energy prices in years to come. Edtajaenergy costs have led to a
renewed interest in alternative energy technologie$ ground source energy is one
such resource which is being increasingly consalefdis paper presents some of
the practical considerations of energy foundati@vijenced from the installation of
a number of test energy piles. In addition, a prelary feasibility study of an energy
foundation system for a planned university admiatste building and an overview
of the current status of ground source energy t@olgy in Ireland are presented.
Building heating and cooling loads are estimatedetdaon high building energy
standards which the university hopes to implemenall building projects going
forward. The proposed energy foundation systemh@sva to have the capacity to
provide the heating and cooling base loads fobthkling.

INTRODUCTION

Following investigation of the potential for exghtion of deep geothermal
resources (depths typically up to and above 4/5kmmeet University College
Dublin’s energy needs, a decision has been takéronpursue this avenue on the
grounds of high exploration costs and high risk.e Tniversity has therefore
embarked on assessment of how shallow geothermmagr@und source) energy
technologies (depths typically less than 200m) sagcbnergy foundations could form
part of the energy strategy of planned new builglifiche primary difference between
energy foundations and conventional closed cirengrgy exchange systems is that
for energy foundations, absorber pipes are installghin structural elements which
are already required for the structural integritythee building/structure (Katzenbach
et al., 2007). Energy foundations have been irgtath many buildings throughout
the world (Boennec, 2008, Gao et al., 2008) howetvés believed that no such
systems exist in Ireland. The lack of any regulateystem with regard to ground
source energy installations, a lack of specialisbwdedge in the area and the
consequent low-confidence in ground source enegghinblogies are some of the
principal reasons for this. Research in the ar@diexpto Irish climatic and geological
conditions is an important first step in the depetent of these technologies in
Ireland.



THE ENERGY SCENE IN IRELAND

Following a return to high oil prices in the mid 9Bs, development of
‘green’ energy technologies is once again firmly tbe international agenda. For
many Yyears, Ireland has lagged behind its Europeaighbors in terms of
development and installation of renewable energirielogies and is currently one
of Europe’s most energy dependent states. In 198iand relied on imports for just
over 70% of its energy needs; by 2008 this figuad reached 90%.
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Figure 1. Energy Import Dependence.

Comparison with Denmark, a country similar in laside and population,
illustrates the extent to which Ireland relies omergy imports. Figure 1, data
courtesy of the European Union’s Statistical Infation Office (Eurostat, 2010),
shows that Denmark had an energy import dependeheegative 25% in 2007
(meaning that 25% of energy produced was expoxedjpared to Irelands energy
dependence of 88%. Malta (100%), Luxembourg (98f) @yprus (96%) are the
only countries in the EU-25 with higher energy degencies than Ireland.
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Figure 2. Thermal Energy Generation in Ireland

Primary energy generation may be split into threedes of application;
electricity, transport and thermal, each of whickaunt for approximately one third
of demand. Further analysis of the technologiesl tigsegenerate the thermal energy
component shows that over 96% is generated by @oewable sources such as oil
and gas. Figure 2, data courtesy Sustainable Enexigynd (Energy Policy Statistical
Support Unit, 2009), shows that the remaining 3i8%enerated from renewable
resources with ground source heat pumps accourtingust 0.37% of thermal
energy generation. As Ireland is a country whicksdoot benefit from high ground
temperatures associated with tectonic activity,efextricity is currently generated
using geothermal resources. This means that th&®Bermal energy generation
provided by ground source heat pumps accountsh®rtdtal energy generated by
geothermal or ground source technologies in IreléNdte the term ‘ground source
heat pump’ is generally referred to as ‘geotherineat pump’ in America)

Ground Source Energy in Ireland

Despite the historical low uptake of ground soureat pump technologies in
Ireland relative to other European countries whiei® considered a mature and well
defined technology, statistics published recentigigate an increasing level of
interest in ground source energy. High dependemcenported energy, increasing
energy prices, price volatility and further reséans the area applied to Irish soil
conditions is likely to lead to increased confidenin the technology in years to
come.
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Figure 3. — Number of GSHP installations in EU
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Figure 4. — Number of GSHP installations in EU (nomalized against
population)

Figure 3, data courtesy of Eurobserv’ER (Eurob&®y'2009) shows Ireland
to be in 8 position in the European Union in terms of the bemof ground source
heat pumps installed. Figure 4 presents GSHP lastads normalized against
population (Eurobserv'ER, 2009) and shows thataelranks % in the EU, with
installations per capita remain significantly behthe market leaders by a factor of
more than 15. This demonstrates the distance bidtas to go in order to become a
major player in the European ground source expioitanarket.



ENERGY FOUNDATIONS

Energy foundations are structural elements equippéd absorber pipes
through which a fluid flows. Energy piles or thetrpdes are the most common form
of energy foundation installation, but retainingligatunnels and basement walls
may also be used. Early forms of energy foundativase generally prefabricated
reinforced concrete piles with piping incorporatémwever large diameter bored
piles are now commonly used.

Figure 5. Intallation of Test Energy Piles

Energy piles are typically installed in one of tways. Either the absorber
pipes are tied to the reinforcing cage prior to dawg into the pile or they are
lowered into the wet concrete pile using a plunddag. An example of the latter is
shown in Figure 5 where continuous flight augeHidg is used in order to achieve
design depth, the auger and spoil are removed azete is pumped in and finally
the absorber pipes are lowered into the pile.

The Practicalities of Energy Foundations

Several construction issues must be considered oriand during installation
of energy foundations. As drilling/piling contracdoin Ireland do not have
experience with installation of energy foundaticmsiumber of test energy piles were
installed (see Figures 5 & 6) in order to gainsfihand’ experience of potential
installation difficulties. Achieving design depth the required number of energy
foundations is critical to the efficient performanaf energy foundation systems. In
certain instances where absorber pipes do not @esign depth, using an excavator
bucket to push the plunge bar to design depth robag ghis problem; however care
must be taken not to apply excessive force ascthutd cause the plunge bar to bend,
rendering further efforts unsuccessful. Figure &layws an example of where the
absorber pipes and plunge bar did not reach th@reshdesign depth, compared to
Figure 6(b) where design depth was reached. Whiaserler pipes do not reach



design depth, there are two options; cut the plurageand pipes to fit the achieved
depth or disregard this pile by pulling the pipes or leaving them in-situ and filling

with concrete. This illustrates the importance pplging a suitable factor of safety,
particularly in cases where drilling contractore aot familiar with the installation

process.

Figure 6. Test Energy Pile Installation: (a) Unsucessful; (b) Successful

Tailoring the concrete mix in order to ensure eswsfallation of absorber
pipes/plunge bar is an important consideratioragregates are too large or if the
mix is not ‘fluid’ enough during installation it ngabe difficult to achieve design
depth. It is therefore good practice to scheduktaifation of a small number of
absorber pipes on the first day of the piling sctedf installation problems present
themselves it will be possible to alter the constits of the concrete mix in time for
subsequent piling operations.

In some cases, where plunge bars have been designbd recoverable
problems with pipes floating out of the pile haveeb experienced. This may be
solved in one of several ways; ensure the absgipes are filled with water in order
to increase their weight, tie the absorber pipesth® reinforcing cage before
extracting the plunge bar, incorporate a weighbdhé bottom of the pipes, leave the
plunging bar in-situ for a short period after ifistiion, alter concrete mix in order to
reduce buoyancy or do not recover the plunge bahduld be noted however that a
non-recoverable plunge bar can lead to a significemease in installation costs.

The risk to the integrity of the absorber pipes dg®t end following
successful installation, careful monitoring of as@mmunication with all operatives
on site during construction works is vital. In peutar, great care must be taken when
breaking down the pile head to the required lewel when works are being carried
out in the vicinity of the ground-protruding abserlpipes as damage could render
them useless.



PROPOSED UNIVERSITY BUILDING

A cornerstone principal of the current building gnam in University College
Dublin is to investigate the feasibility of incomation of renewable energy
technologies into planned building projects. Théofeing paragraphs describe a
preliminary feasibility study investigating the orporation of energy foundations
into a planned building. This feasibility study wearried out as a desk study using
thermo-geological modeling software ‘Energy Eartlesigner 3.0’. The study
examines whether the base load of the administrdivlding can be covered by
energy piles, and assumes the hot water and peals lwill be covered by an
auxiliary system. Designing the system to deal widak loads in addition to base
loads would mean selecting a heat pump which woplerate at a fraction of its
capacity the majority of the time.

Geological conditions at the campus, underlain bijp@.imestone of Lower
Carboniferous age, are representative of that whichld be found in many areas
throughout Ireland. The Calp, which is describedgesy, fine grained limestone
interbedded with black, poorly fossiliferous sha(€eological Survey of Ireland,
2006) is overlain by clay with depths ranging fra@®m to 25m below ground level
and pockets of undifferentiated glaciofluvial grisveA deep fault line exists at the
southern extent of the campus where the Calp LnestFormation meets the
Leinster Granite Formation. An initial desk studl lostorical site investigation
records performed near the proposed site has shban bedrock depths are
encountered at approximately 15m to 20m. An imparigart of the preliminary
feasibility assessment was therefore examining ldredr not any proposed energy
foundation system could operate over this rangdepths. In addition, the equivalent
length of borehole required by a conventional alidsep installation was calculated.

An increased focus on energy efficiency in buildimg recent years has led to
clients (particularly in the public sector) demamginew buildings with low energy
consumption requirements. This is good news fohrelogies such as energy
foundations which may not have been suitable fooliporation into building projects
in the past where energy consumption may have toeehigh. A space heating load
of 25 kWh/nf/yr has been assumed for the planned buildingpagth an ambitious
target, this value has been shown to be achievaldeveral building projects across
Europe (Eicker, 2009). Cooling loads in Irish binlgs are typically very low,
although the proposed building will contain a sem@m which will require some
level of cooling, a cooling load of 10 kWhifyr has been assumed. Other important
parameters required for the study are outlinedahld 1. Note: as there are no Irish
standards pertaining to the design of ground solbeet pump systems, the German
standard ‘VDI 4640’ was referred to in order toaddish good practice fluid
temperature constraints (The Association of GerEagineers, 2001).



Table 1. EED Input Parameters

Parameter Value
Thermal Conductivity of Moist Clay 1.6 W/(m.K)
Ground Surface Temperature 9.5°C
Piping Configuration Double-U
Pile Depth 20m

Pile Spacing 7m
Concrete Thermal Conductivity 1.6 W/(m.K)
Fluid Temperature Constraints -1°Cto21°C

The approximate floor area of the proposed buildisigl,960M with a
footprint of 980mM. An outline of the likely pile layout for the bdihg (which was
used in the modeling process) is shown in Figure 7.
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Figure 7. Pile Layout of Proposed Building

Preliminary Feasibility Study Results

Computer modeling using the EED software has shoka previously
described system to be feasible when modeled of2&ryeear period. Figures 8 and 9
show the maximum & minimum annual fluid temperasuaad the fluid temperature
profile for year 25 of the simulation respectivelly. is shown that the fluid
temperature remains well within the defined linwts1 °C and 21 °C.
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Figure 8. Maximum & Minimum Annual Fluid Temperatur es



6] /
] o

JAN FEB MAR APR MAY JUN JuL AUG SEP OCT NOvV DEC
Year 25

Figure 9. Year 25 Fluid Temperature Profile
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The next facet of the study was required in otdegexamine whether or not
the proposed system would still meet the statedirfgeand cooling loads if the
limestone bedrock was met at a shallower deptts thought that bedrock will be
met at between 15 m and 20 m at the site. Figurehbs a small increase in the
maximum 25 year fluid temperature and a small deman the minimum, but the
required system capacity is shown achievable wim Jile lengths as the fluid
temperature profile remains within the defined tani
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Figure 10. Year 25 Fluid Temperature Profile — 15nPiles

In addition to the findings above, further variatioto the model have shown
that, while keeping the cooling load constant,ribenber and configuration of energy
piles initially proposed has the capacity to previohse load heating of up to 40
kWh/mé/yr. It may also be shown that three boreholesaliest to a depth of 85m
each would cover the proposed base load.



CONCLUSIONS

As one of the most energy dependent states in thelrEland remains in a
vulnerable position going forward with global energrices predicted to rise
significantly. Although an increased awarenessotwable energy technologies has
developed in recent years, these technologies rdlyreontribute only a small
minority of energy requirements.

Further increases in energy prices will likely lgadan increase in domestic
ground source energy systems in Ireland due tgtioel availability of state grant
schemes. The current government enthusiasm todedeading examples in ‘new’
and sustainable energy technologies as part oftange building projects means that
the immediate future of commercially sized systemiklikely lie with public/state
bodies where longer payback periods may be acdeptab

The provisional feasibility study performed has whothat the proposed
energy foundation system is a feasible solutiontiier planned university building.
The next steps of the study will be to confirm exasating and cooling loads for the
building. Improved confidence in the proposed ewnei@undation design will be
achieved by verifying and altering parameters adthilding design develops.
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