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Abstract 

Ireland has one of the highest energy dependencies in Europe and as such must adapt quickly to 

increase renewable energy exploitation levels in order to secure its energy future. A mix of renewable 

energy technology types (wind, solar, biomass, wave, tidal, geothermal) will be required in order to 

achieve Ireland’s national renewable energy generation targets. Geothermal (or ground source) 

energy can have a part to play in this mix. Over the last number of years the School of Civil, Structural 

& Environmental Engineering in University College Dublin has begun to develop shallow geothermal 

energy research capabilities in several areas of interest. Early studies involved the investigation of 

water chemistry and settlement issues at several sites on the Cork docklands. It was concluded that 

the chemical characteristics of the water contained in the aquifer could hinder the development of 

open loop geothermal systems in the area, and that settlement may be a potential concern in cases 

where open loop systems are installed due to the presence of highly compressible alluvium deposits. 

Subsequent work has involved the development, construction & performance validation of a thermal 

response testing rig for site thermal characterisation, installation of both domestic and commercial 

sized energy piles for research purposes and investigation of soil, rock and grout thermal properties 

using both steady-state and non-steady-state laboratory testing techniques. This paper gives a brief 

overview of the completed and ongoing work in the School of Civil, Structural & Environmental 

Engineering. 

 

 

 

 

 



Developing Geothermal Energy Research Capabilities at UCD 

1. Energy Dependence in Ireland 

Ireland imported over 90% of its energy requirements in 2008, leaving it as one of Europe’s 

most energy dependent states. Malta (100% energy dependence), Luxembourg (98% energy 

dependence) and Cyprus (96% energy dependence) are the only countries in the EU-25 which have 

higher import dependencies. 

 

Figure 1 – Import Dependence 

Figure 1, data courtesy of the European Union’s Statistical Information Office (Eurostat, 

2010), depicts the energy import dependence of Ireland, the United Kingdom (our nearest neighbour), 

Denmark (similar in land area and population to Ireland) and the average figure across the EU-25. 

Direct comparison of Irish import dependence, approximately 88% in 2007, against average EU-25 

import dependence, approximately 55% in 2007, illustrates the scale of the challenge facing the Irish 

energy industry. Further inspection of energy generation in Ireland reveals that energy use for thermal 

purposes accounted for 34 % of total primary energy supply in 2008 (Energy Policy Statistical Support 

Unit, 2009), however only 3.6 % of this energy generated from renewable sources. The 2020 target 

for renewable energy generation for thermal purposes is 12 % and Ireland’s ability to meet this target 

must now be questioned. 
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2. Open Loop Geothermal – Water Chemistry & Settlement 

Recent work carried out by the authors (Hemmingway and Long, 2011b) demonstrates the 

importance of carrying out water chemistry and settlement analyses as part of  open loop geothermal 

feasibility studies alongside the more intuitive investigations such as well reliability (pumping tests), 

risk assessment of surrounding wells / aquifers, investigation of water disposal mechanism, 

comprehension of the thermal plume which will be created by the system and investigation of other 

environmental effects. Table 1 shows some of the values obtained from chemical analysis of water 

extracted from beneath the Cork Docklands alongside required / recommended values for each 

parameter. 

Table 1 – Properties of Water beneath the Cork Docklands 

Parameter  Measured  Required*  Comment  

pH Value  5.57  6.5 to 9.0  
Lower Values = Typically Higher Corrosion 

Rates  

Chloride 
(ppm)  

5,660  < 300  
Issues for HP’s with Stainless Steel, 

Copper, Cupro-nickle or Titanium  

Elec. 
Conductivity 
(μS/cm)  

19,325  50 to 1,000  Drinking Water ≈ 5 – 500 μS/cm  

RSI (Ryznar 
Stability)  

7.9  5 to 7  Indicative of “Heavy Corrosion”  

LSI (Langelier 
Saturation)  

- 1.1  - 0.5 to 0.5  
-  0.5 = Slightly Corrosive;  
-  2.0 = Serious Corrosion  

 

The potential for settlement associated the installation of open loop systems was also investigated by 

the authors. Settlement investigations were instigated based on the results of site investigations on 

the Cork Docklands area, which indicated the presence of highly compressible alluvium layers. The 

presence of these layers suggests that pumping-induced settlement is a real possibility; settlement 

was therefore investigated using well-established estimation techniques. For more information on the 

investigations carried out by the authors on the Cork Docklands, please refer to ‘Geothermal Energy: 

Settlement & Water Chemistry in Cork’, which is due to be published in the Institution of Civil 

Engineers Engineering Sustainability Journal in the coming months. 
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3. Thermal Response Testing 

A thermal response test (TRT) is a test during which a known quantity of heat energy is injected into 

or extracted from a borehole heat exchanger pipe system. The rate of circulating fluid temperature 

development is measured and analysed over the duration of the test and can be interpreted to 

determine initial temperature conditions, backfill thermal properties, rock / soil formation thermal 

conductivity and whether or not groundwater flow exists across the borehole heat exchanger system. 

  

Figure 2 – UCD Thermal Response Testing Rig 

Figure 2 shows the UCD Thermal Response Testing Rig which was designed and constructed by the 

first author. The accuracy of the rig has been confirmed by carrying out thermal response tests ‘in 

parallel’ with a commercially built TRT rig. 

 

4.  Energy Foundations 

Energy foundations are structural elements equipped with absorber pipes through which a heat 

carrier fluid flows. Energy piles or thermal piles are the most common form of energy foundation 

installation but retaining walls, tunnels and basement walls may also be used. Energy piles are 

typically installed in one of two ways. Either the absorber pipes are tied to the reinforcing cage prior to 

lowering into the pile or they are lowered into the wet concrete pile using a plunging bar. Figure 3 

shows a research installation completed by UCD using the continuous flight auger piling technique. 
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Figure 3 – Installation of Test Energy Piles 

Lessons learned following from the installation of the piles shown in figure 3 include the following: i) 

schedule a small number of installations for the first day of the piling schedule so that on-site 

operatives can confirm that design depth is achievable; ii) build in a factor-of-safety to ensure that the 

required building thermal loads can be covered if a number of pile installations do not reach design 

depth, are unsuccessful or are damaged later in the construction process; iii) tailor the concrete mix 

design appropriately (without adversely effecting the structural capacity of the pile) so that it is ‘fluid 

enough’ to allow installation of the pipes; iv) fill the borehole heat exchanger pipes with water prior to 

installation – this will aid the achievement of design depth as the pipes will be heavier, and will also 

help to keep the pipes in place following installation by counteracting the natural buoyancy of the 

concrete; v) protect the borehole heat exchanger pipes from accidental damage during all stages of 

construction by installation of a protecting screen / cover. For more information please refer to 

(Hemmingway and Long, 2011a). 
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5.  Laboratory Thermal Analysis 

Two pieces of equipment have been developed in the School of Civil, Structural & Environmental 

Engineering at UCD to measure and analyse the thermal properties of materials such as soil, rock or 

thermal grout. The steady state system shown in figure 4 (a) was developed as part of a final year 

project in 2011, based partially on a model specification by Clarke et al. (2008) and has been used to 

evaluate thermal performance of thermally enhanced grout and concrete mixes. 

  

Figure 4 – Thermal Properties Analysis Equipment (a) Steady State & (b) Non-Steady State 

The non-steady state system shown in figure 4 (a) has been used to investigate the properties of clay, 

peat and rock formations. 
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