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Abstract 

This Spotlight examines some of the primary driving forces 

incentivising geothermal energy in Europe and the barriers to its 

development in Ireland. Geothermal energy is a viable alternative to 

fossil fuel-sourced electricity and heating, with proven successes in 

Europe. It is a sustainable source of renewable energy that can 

contribute towards achieving Ireland’s binding emission targets for 

2030 and 2050. 
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Glossary 

This section sets out a number of definitions for the purpose of this L&RS Spotlight. 

Aquifer: A geological unit containing sufficient saturated permeable rock to yield significant 

amounts of groundwater. 

Baseload power: The minimum amount of electrical power needed to be supplied to the national 

electricity grid at any given time. 

Carbon Capture and Storage: The method by which CO2 is conditioned, compressed and 

transported for permanent storage in deep underground aquifers 

Clean energy: Energy that comes from renewable sources with zero CO2 emissions. 

Closed-loop system: A closed system of pipes through which a gas or liquid can circulate without 

contact with the external environment. These systems are typically installed vertically or 

horizontally in the shallow environment and with relatively little use of space. 

Combined heat and power: An energy efficient technology that generates electricity whilst 

simultaneously capturing ‘waste’ heat to be used as thermal energy. 

Conduction: The process by which heat is directly transmitted from one material or substance to 

another when there is a difference in temperature. 

Deep geothermal: Unless otherwise stated, deep refers to a depth at or exceeding 500 metres 

below surface. 

Direct-heat geothermal technology: Direct or non-electrical use of geothermal energy used for 

thermal purposes only. 

District Heating: District heating is a method of delivering thermal energy in the form of hot water 

through a network of highly insulated pipelines. 

EC: European Commission. 

Enthalpy: The total potential energy of a system. 

EU: European Union. 

Fault: Geological fracture in the Earth through which fluids can migrate.  

Flash geothermal technology: Steam from a high-temperature, high-pressure hydrothermal fluid 

is directly used to drive power generating turbines. 

Feed-in tariff: A tariff or payment made to households or businesses who generate their own 

energy and feed the surplus back into a national grid. 

Fluid: Liquid of undefined chemical composition or dissolved content. 

Geotechnical: Understanding of underground geological characteristics related to engineering and 

construction. 

Geothermal energy: As per article 2(c) of the RES Directive 2009/28/EC,1 (amended to 

2018/2001/EU)2 geothermal energy means ‘energy stored in the form of heat beneath the surface 

of solid Earth’. 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
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Geothermal resource: A region identified containing geothermal energy that can be divided into 

shallow or deep. 

Granite: A coarse-grained, hard igneous rock that typically yields heat during radioactive decay of 

its component minerals. 

GW: Gigawatt – a unit of power equal to 1 billion Watts. 

GWh: Gigawatt hour – one billion Watts of average power flow over an hour. 

Heat exchanger/heat pump: A device for transferring thermal energy from one fluid to another.  

Horizontal-loop geothermal system: A geothermal system that is installed horizontally within the 

subsurface.  

Hydrothermal fluid: Naturally heated water solution containing various amounts of dissolved 

compounds, elements and gases. 

In-flow: In the context of this Spotlight, an in-flow or production borehole is one through which a 

working fluid flows from the subsurface to the geothermal production plant on the surface. 

Igneous rock: A rock which has solidified from molten or partially molten material. 

Igneous body: A large volume of igneous rock such as a granite. 

Kilotonne: One thousand tonnes. 

Kt: Kilotonne. 

Ktoe: Kilotonne of oil equivalent, i.e. the amount of energy released by burning a 1000 tonnes of 

oil. 1 Ktoe = 11630 MWh.  

KW: Kilowatt – one thousand Watts. 

Microgravity Survey: Survey that uses minute changes in gravitational forces to detect properties 

within the Earth’s subsurface. These surveys are typically used to detect underground cavities 

and/or changes in densities. 

MWe: Megawatt of electricity output. 

Metamorphic rock: A rock which forms through the partial or complete recrystallisation of pre-

existing rock in the solid state under high temperature and pressure conditions.  

Mt: Megatonne. 

Mtoe: Megatonne of oil equivalent, i.e. the amount of energy released by burning a 1000 000 

tonnes of oil. 

MW: Megawatt. 

MWh: Megawatt hours – one million Watts of average power flow over an hour. 

MWth: Megawatt of thermal (heat) output. 

ORC geothermal technology: Organic Rankine Cycle is a process by which an organic fluid is 

used to extract heat from a geologically low-temperature (ca 120°C -180°C) source. 
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Out-flow: In the context of this Spotlight, an out-flow or re-injection borehole is one through which 

a working fluid flows from the geothermal production plant on the surface, back into the 

subsurface. 

Peat: A source of fuel for heat and electricity comprising a mass of dark brown, partly 

decomposed, fibrous plant debris.  

Permeability: The interconnection between, cracks, voids and pore spaces allowing fluid to flow 

through the rock.  

Porous: Containing a high ratio of pores/voids to volume, capable of holding water. 

Production borehole: See in-flow. 

Re-injection borehole: See out-flow. 

Renewable energy: Energy from natural sources that are continuously replenished (over 

foreseeable timescales) and therefore sustainable. 

RES: Renewable Energy Source.3 

RES-E: Renewable energy used for electricity. 4 

RES-H: Renewable energy used for heat. 5 

RES-T: Renewable energy used for transport. 6 

Reservoir: A subsurface rock containing commercially exploitable quantities of fluid because of its 

porosity and permeability. 

Seismic Reflection Survey: A geophysical survey that uses seismic waves to estimate properties 

within the Earth’s subsurface.  

Shallow geothermal: Unless otherwise stated, shallow refers to a depth from 0 to 500 metres 

below surface. 

Soil horizon: The horizon or layer of soil within the immediate, shallow subsurface. 

TWh: Terawatt hours. 

Thermal: Relating to heat. 

Thermally-depleted fluid: A thermally-depleted fluid is one from which heat has been removed 

and as such, bears a temperature below that of the aquifer from which it was sourced.   

Thermally-enriched fluid: A thermally-enriched fluid is one into which heat from the subsurface 

aquifer has been transferred i.e. enriched to subsurface temperature. 

Vertical-loop geothermal system: A geothermal system that is installed vertically within the 

subsurface. Boreholes drilled for this installation extend to greater depths that a horizontal-loop 

system, typically reaching higher temperatures.  
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Executive Summary 

In light of the emission reduction targets set by the 2015 Paris Agreement, and the objectives set 

out in the European Green Deal,7 Ireland has made significant efforts to increase its renewable 

energy generation. The majority of this energy, however, is derived from renewable electricity, 

which accounted for around 36% of all electricity generated in 2019.8 This is envisioned to increase 

to 80% by 2030 in Ireland’s 2021 Climate Action Plan.9 Despite this commitment to the 

development of the renewable energy sector, Ireland was unable to meet its binding energy 

commitments in 2020, as set out by the Renewable Energy Directive 2009/28/EC.10 In response to 

this missed target, the Sustainable Energy Authority of Ireland (SEAI) identified “poor performance 

in renewable heat” as the biggest reason for not meeting these renewable energy targets.11  

This Spotlight explores the potential of geothermal energy as a clean, sustainable source of 

renewable energy generation that can contribute to meeting Ireland’s 2030 and 2050 climate 

objectives as set out by Ireland’s National Energy and Climate Plan 2021-203012 and the Climate 

Action and Low Carbon Development (Amendment) Act 2021.13 Unlike other renewable energy 

technologies, geothermal energy can provide a stable and continuous baseload power regardless 

of unfavourable weather conditions. 

Recent studies of Ireland’s subsurface heat distribution14 have confirmed the potential for 

geothermal energy in both heat and electricity generation within several localities, including 

Counties Wicklow, Cork and Galway. The development of geothermal energy in Ireland holds 

significant promise for its residential sector, in particular, which is currently the largest consumer of 

heat (measured at around 46% of Ireland’s final heat consumption for 2019).15 Eighty percent of 

this heat is produced from non-renewable fossil fuels, such as oil and gas, contributing 

approximately 17% of Ireland’s total energy-related CO2 emissions.16  

The possibilities for geothermal energy use further extend beyond the residential sector to industry. 

Case studies from European countries have shown promising integration of geothermal heat and 

electricity in industrial processes. The contribution of renewable energy in Ireland’s industrial 

sector, however, has been comparatively low, with little to no growth over the past decade.17 Slow 

integration of renewable energy within the industrial sector will have direct implications for future 

developmental funding under the European Green Deal18 and the European Investment Bank 

Roadmap 2021-202519, which seek to enforce climate targets through investment funding. 

Despite the potential for geothermal energy, policies concerning exploration, planning and 

regulation of geothermal resources have yet to be established. Whilst work is currently underway 

to develop geothermal legislation at national level, the Irish geothermal sector remains in its 

infancy and will need increased support from policy makers to encourage its development.  

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://www.gov.ie/en/consultation/5bd95-climate-conversation-climate-action-plan-2021/
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
https://www.gov.ie/en/publication/0015c-irelands-national-energy-climate-plan-2021-2030/
https://www.oireachtas.ie/en/bills/bill/2021/39/
https://www.oireachtas.ie/en/bills/bill/2021/39/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://www.eib.org/en/publications/the-eib-group-climate-bank-roadmap
https://www.eib.org/en/publications/the-eib-group-climate-bank-roadmap
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1. Introduction 
 

Geothermal energy is a vast, renewable resource that offers a stable and continuous, yet 

underutilised, energy supply. Energy from geothermal resources could contribute to meeting 

Ireland’s legally binding emissions targets of 32% share of overall energy from renewable sources 

by 203020 and net-neutral carbon emissions (relative to 1990 levels) by 2050.21 Through a series of 

case studies, this Spotlight will explore the use of geothermal energy for both heat and electricity 

generation in Europe. Furthermore, identified uses, barriers to and advantages of geothermal 

energy in Ireland are presented, highlighting the legislative gaps concerning the exploration, 

planning and regulation of geothermal resources.  

With a global focus on transitioning away from fossil fuels,22 the need for alternative, reliable, 

domestic, renewable energy sources is becoming ever more important amidst the decarbonisation 

targets set out in the Paris Agreement23 and through continued incentives to meet climate targets 

under the European Green Deal.24 Geothermal energy is a source of renewable heat and 

electricity that can contribute towards the decarbonisation of Ireland’s energy sector whilst 

improving energy security through domestic energy production. However, widespread adoption 

and addition of geothermal energy to the national energy mix would require a substantial shift in 

policy and funding. Developmental funding schemes are becoming key in facilitating the transition 

towards decarbonised energy generation. The €750 billion NextGenerationEU Recovery Fund, 

earmarked for 2021-2023, demonstrates a strong focus on spending in line with renewable energy 

commitments.25 For Ireland to be able to access this funding, 37% of which is allocated to 

objectives specific to the European Green Deal,26 there needs to be a focus on resilient, renewable 

energy systems that meet the expectations of an increasingly emissions-conscious European 

Union.27  

 

 

 

The call for reduced carbon emissions from the European Commission28 is reiterated in the current 

Programme for Government,29 outlining a commitment to enhance renewable energy contributions 

in energy intensive sectors, including the transportation and electricity sectors.30 Although Action 

196 of the recent Interim Climate Actions 202131 calls for the development of a policy and 

regulatory framework for geothermal energy in Ireland, as of yet, a clear policy for any real 

utilisation of geothermal energy remains absent in Irish legislation.32 Despite strong energy 

generating potential, when compared to plans for expansion in other renewable energy sources, 

particularly wind and solar electricity generation,33 geothermal energy is lagging behind. Rapid 

progress in the decarbonisation of the electricity sector through increased renewable electricity 

generation, coincides with a comparatively low share of renewable energy in the heat sector,34 

which is currently the lowest in the EU,35 amounting to around 6.3% in 2019.36 To date, Ireland’s 

efforts to decarbonise the energy sector have largely relied on the generation of renewable 

 

Binding energy targets and developmental funding schemes incentivise the need for a 

renewable energy system that is inclusive of geothermal resources. 

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://ec.europa.eu/info/strategy/recovery-plan-europe_en
https://www.gov.ie/en/publication/7e05d-programme-for-government-our-shared-future/
https://www.gov.ie/en/publication/7e05d-programme-for-government-our-shared-future/
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electricity.37 There are currently no binding targets committed towards renewable heat, despite the 

Irish residential heat sector consuming around 15% of all energy in Ireland in 2019,38 a figure that 

is likely to increase with increasing energy use.39 

This Spotlight will explore how the use of geothermal energy is highly successful in several 

European countries, including Germany, England, Hungary, France and Italy, contributing both 

heat and electricity to the residential and industrial sectors. Geothermal resources are not unique 

to these countries, with significant potential shown for most of the island of Ireland. It will also 

consider how successful utilisation of geothermal energy in Europe is largely a factor of clear 

legislation surrounding heat resource exploitation, legislation that is absent in an Irish context. This 

includes policies defining “geothermal heat”, as well as its ownership, tariffs for its distribution and 

liability for its misuse.  

2. Geothermal Energy 

Geothermal energy is a reliable, safe and renewable source of energy, with minimal environmental 

impact compared to fossil fuels40 and proven successes throughout Europe.41 It is thermal energy, 

i.e. heat, that is naturally occurring and stored in the Earth. The use of geothermal energy is not a 

new concept and is implemented successfully in several countries globally for the production of 

heat, electricity or both.  

In the context of this Spotlight, there are two main types of geothermal systems, namely shallow 

and deep systems (Figure 1). The European Geothermal Energy Council42 defines these as being 

less than 500 metres depth and greater than 500 metres depth, respectively. Similarly, a 

“guideline” of 400 metres is given in the Department of the Environment, Climate and 

Communications Geothermal Energy in Ireland 2020 Roadmap43. These definitions generally differ 

from country to country, often including other parameters such a temperature and/or enthalpy. 

Rather than referring to actual depths however, these terms are often used loosely to refer to the 

use of ground source heat pumps (shallow) and direct-use/electricity generation (deep). 

 

 

There are two broad types of geothermal installations, namely deep (reaching several 

kilometres underground) and shallow (typically less than 500 metres underground).  

• 

There is no policy framework in Ireland for classifying geothermal resources as deep 

or shallow. 

https://www.gov.ie/en/publication/abe7a-geothermal-energy-in-ireland-a-roadmap-for-a-policy-and-regulatory-framework/
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Figure 1. Illustration summarising the processes and potential of deep and shallow geothermal energy (Source: Author). 
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2.1. Shallow Geothermal Systems 

At shallow depths, low subsurface temperatures of 10-15°C form the primary resource target for 

shallow geothermal systems. With the development of heat pumps, using low-temperatures for 

heating and cooling has become an attractive option for residential use. There are three types of 

heat pumps, namely air-source, water-source and ground-source. Ground source heat pumps 

have seen increased growth throughout Europe44 and are a favoured option for residential heating 

and cooling in the Irish climate.45  

 

 

 

Horizontal-loop, shallow geothermal systems take advantage of the seasonal solar recharge of the 

ground by the Sun in the upper 10 metres of the ground, normally in the soil horizon, as well as 

relatively insulated soil temperature conditions and frequent rainfall resulting in a constant moisture 

content suitable for the conduction of heat.46 Beyond 10 m, vertical-loop systems are preferred to 

access greater temperatures but can be significantly more expensive due to need for deeper 

drilling during installation.47
  

 

2.1.1. Ground Source Heat Pumps  

Shallow geothermal systems use single-dwelling ground source heat pumps to extract heat that is 

stored in the ground and transfer it to be used for space and water heating. Conversely, in the 

summer months, or in settings of increased temperatures, such as industrial or urbanised centres, 

the system can be used to remove heat from buildings and transfer it back underground. This 

transfer of heat from buildings to the ground during summer periods also recharges the ground and 

ensures the high efficiency of the system is maintained over its lifetime when used for heat. 

Ground source heat pumps are electrically powered and require an external electrical input, such 

as that from the national grid or other auxiliary energy input. As such, ground source heat pumps 

do not generate electricity but rather heat energy, using a small amount of electricity (see Article 

7(3) of Directive 2018/2001/EU) to raise the source temperature (10-15°C) to levels suitable for 

domestic heating (>40°C).  

There are 3 types of heat pumps. 

1) Air-source: Uses heat directly from the air. Mounted on an external wall, this 

type is the noisiest option, with significantly lower efficiency during colder 

months.  

 

2) Water-source: Uses heat from nearby water source such as a large lake or river. 

 

3) Ground-source: Uses heat from underground. While it is the most expensive 

heat pump installation due to the additional cost of an underground heat 

collector, this type is highly efficient and has a potential life-span of decades.  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
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Ground source heat pumps have a potential lifespan of 20-30 years.48 Due to relatively constant 

underground temperatures at depths of less than 20 m, ground source heat pumps can have a 

maximum year-round efficiency of 400% compared to conventional oil and gas heating.49 This 

means that, for every 1 kW of electricity used to run the heat pump, 4 kW of heat energy is 

produced. This efficiency, however, is often dependant on external factors such as building 

specifications, heat requirements and heat pump capacity.50 At present, there is no specific 

regulation for the use of ground source heat pumps in Ireland. 

 

Open- and closed-loop geothermal systems 

Two types of shallow geothermal installations exist, namely open-loop and closed-loop systems. 

An open-loop system transfers warm ground water from less than 500 metres underground to a 

heat pump to exchange the heat, after which the water is reinjected back below surface. Due to the 

need for abstracting and discharging groundwater as a thermal exchanger, open-loop systems are 

typically subject to local groundwater and water resource abstraction regulations. In an Irish 

context, such abstractions are currently governed under the Local Government (Water Pollution) 

(Amendment) Act 1990.51 However this Act does not account for the removal of ‘heat’ from 

abstracted water, nor does it consider water that has been abstracted and reinjected without ‘use’ 

in the traditional sense.  

 
Figure 2. Generalised illustration showing thermal circulation in a shallow, closed-loop geothermal system. Using a 
ground source heat pump, thermally-depleted, cold fluid is removed from the building and recirculated underground in a 
closed-loop system where naturally stored, geothermal heat is absorbed into the circulating fluid. The thermally-enriched 
fluid is then transported up to the heat pump where the heat is extracted and distributed for space and water heating. 
(Source: Author). 

Like a refrigerator, but in reverse – A ground source heat pump gathers heat from 

ambient ground temperatures and ‘condenses’ it to higher temperatures to be used 

for space and water heating. 

https://www.irishstatutebook.ie/eli/1990/act/21/enacted/en/html
https://www.irishstatutebook.ie/eli/1990/act/21/enacted/en/html
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Conversely, a closed-loop system is an ‘isolated’ system with no physical interaction between the 

fluid within the heat pump system and the subsurface. In a closed-loop system (Figure 2), a 

conductive fluid is pumped through pipes buried underground (vertically or horizontally) to collect 

heat from the ground and take it to the heat pump at the surface, generally in the building directly 

above. 

 

2.2. Deep Geothermal Systems 

Deep geothermal systems have the potential to exploit larger and hotter thermal resources and 

therefore apply to both heat and electricity generation. Deep underground, heat-enriched water 

(generally referred to as hydrothermal fluids) flows through permeable rocks such as sandstone 

and cavernous limestone. Occurring several kilometres below surface, these hydrothermal fluids 

become naturally heated by the Earth to temperatures of several hundred degrees and form the 

target of deep geothermal drilling. In some instances, cracks and faults present within the 

underground geology allow these hydrothermal fluids to travel upwards to flow at shallower depths. 

In some geological settings, these cracks and faults may intersect the surface, allowing the hot 

hydrothermal fluids to flow out of the ground, forming hot thermal springs. There are around 42 

identified thermal springs across the island of Ireland, all of which are associated with regional fault 

structures.52 The fluids need not be ‘boiling’ in order to reach the surface or to be useful for 

geothermal energy production. 

Once a deep geothermal resource has been identified, an open loop geothermal system, 

consisting of an in-flow (production) and an out-flow (re-injection) borehole is installed. Hot, 

underground fluids several hundreds to thousands of metres deep (typically more than 1 km) are 

pumped to surface, where its heat is directly used for heating or electricity generation. After use, 

the cooled fluid is pumped back underground along the out-flow pipe to be recirculated (Figure 1). 

For deep geothermal systems to work, the porous, permeable underground aquifer needs a 

continuously reinjected fluid-flow to maintain reservoir pressure and enable continued heat 

extraction. There is increasing interest in the potential of close-loop deep geothermal installations 

that do not abstract water from surrounding reservoirs, but instead circulate a conductive fluid 

through a single ‘sealed’ borehole.53 However, close-loop deep geothermal installations are 

relatively new and as such, their feasibility is highly scrutinised.54   

 

Deep geothermal systems are often associated with structural faults. Drilling into and pumping 

water in and out of a faulted system has been known to induce seismicity, triggering earthquakes 

and tremors in some locations.55 However, these risks are often low and can be mitigated through 

geological understanding, careful reservoir management, and continuous seismic monitoring.56 

2.3. Uses for Geothermal Energy 

Apart from the aforementioned water and space heating applications, geothermal energy has a 

broad range of additional uses, ranging from district heating to industrial processes and 

agribusiness. 
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2.3.1. District heating 

District heating uses heat that originates from a central source and transferred to multiple or 

individual blocks of buildings via a super-insulated pipe network. The heat source used in district 

heating systems varies across Europe but is largely dominated by fossil fuel and Combined Heat 

and Power (CHP) thermal plants.57 A 2017 assessment for district heating in Europe found that 

25% of the total heat consumed by residential and service sector buildings across the EU was 

supplied by district heating networks,58 generating an annual revenue of approximately €30 billion 

in heat sold.59  Geothermal reserves form an attractive source of renewable heat for district heating 

systems, with countries such as France generating an estimated 1700 GWh across 74 thermal 

plants in 2018.60 Similarly, approximately 85% of all geothermal energy produced in Germany is 

used for district heating.61  

2.3.2. Electricity Generation 

The total installed electrical power capacity from geothermal energy in Europe for 2019 amounted 

to approximately 2960 MW.62 Whilst geothermal energy in Europe is still largely centred around 

heat production, the generation of electricity from deep geothermal sources is on the rise,63 with 

increasing production from countries such as Germany, Hungary and Croatia. 64 Of the 34 

geothermal energy plants currently operating in Germany, 25 produce only heat, 4 produce 

electricity and 5 produce both electricity and heat, amounting to a total output capacity of 

approximately 302 MW of heat and 42 MW of electricity.65   

2.3.3. Agriculture 

Geothermal heat can be used in a number of agricultural processes, most of which are currently 

provided from fossil fuels in Ireland. These include: 

• space heating; 

• soil heating; 

• greenhouses; 

• water contaminant removal from industrial or agricultural wastewater; 

• aquaculture; 

• algae cultivation; and  

• food processing (e.g. drying of crops and milk pasteurisation).66  

Geothermal greenhouses in the Netherlands, the second largest exporter of agriculture in the 

world, cover a total area of approximately 14 hectares.67 With a production of around 100 million 

tomatoes each year, these greenhouses save 6-7 million cubic metres of natural gas annually.68 

Similarly, about 40% of the geothermal heat produced in Hungary goes to agriculture,69 primarily 

towards geothermal greenhouses.70 

 

 

 

Low temperature agricultural and aquacultural processes typically use 

temperatures ranging between 10°C and 40°C. 
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2.3.4. Industrial Processes 

Geothermal heat can be used for industrial purposes to supply heat or steam to processes such as 

evaporation and pasteurisation (50-300°C), washing (35-90°C), preheating and heating (10-16°C), 

peeling and blanching (77-104°C), evaporation and distilling (82-120°C), and sterilising and drying 

(104-120°C).71 

 

2.4. The Irish Geothermal Picture 

Although legislation around exploration and regulation of geothermal energy in Ireland is absent, in 

2018, there were approximately 1805 domestic ground source heat pump installations and 87 

commercial installations in Ireland (see Section 5.2, Case Study 2), producing a combined thermal 

energy output of around 260 GW/yr for heating and 10 GW/yr for cooling.72 In order to quantify the 

geothermal potential across the island of Ireland, the ‘IRETHERM’73 project was initiated through 

the collaboration between academic, government and industry partners. During this study, shallow 

geothermal ground temperatures ranging between 13°C and 24.7°C from 10 to 500 metres depth 

were identified across the island of Ireland. These conditions are ideal for shallow geothermal 

systems and can be used to expand on the use of ground source heat pumps (see Section 2.1.1.) 

for residential heating as new gas and oil boilers are phased out.74 

Recognising this potential and in light of Government’s ambition for 680,000 heat pump 

installations by 2030 set out in the 2021 Climate Action Plan,75 the SEAI introduced the Irish Heat 

Pump Systems Grant scheme, as part of the Better Energy Homes Programme,76 offering a €3500 

grant towards ground source heat pump installations to qualifying homeowners.77 With an average 

domestic ground source heat pump system installation costing between €15,000 and €23,000,78 

this grant scheme, is a small, but attractive contribution.    

The implementation of comprehensive policies for geothermal resource exploration and 

exploitation has the potential to enhance renewable energy use in residential and industrial heating 

(see Section 3.3.). Recent interest in district heating systems in Ireland using waste heat from 

nearby data centres has raised the prospect of including heat from geothermal resources into 

these systems, prompting further investigation by the Department of the Environment, Climate and 

Communication (see Section 4.3 Policy for District Heating)  

Deeper within Ireland’s subsurface, ancient geological formations provides significant heat 

generating potential. Deep underground, hot temperatures are generated from igneous and 

metamorphic rocks that still radiate heat as they decay, leading to higher temperature gradients 

around these rocks. The recently concluded G.O.Therm.3D project79 used multiple country-wide 

geophysical and petrological datasets to build a 3D temperature atlas for the Island of Ireland, 

identifying geothermal potential deep within Ireland’s crust.  

 

 

 

Ireland has geothermal resource potential suitable for district heating and electricity 

generation. 

https://www.dias.ie/cp-geophysics/geophysics/geo-iretherm/
https://www.gov.ie/en/consultation/5bd95-climate-conversation-climate-action-plan-2021/
https://www.gov.ie/en/consultation/5bd95-climate-conversation-climate-action-plan-2021/
https://www.seai.ie/grants/home-energy-grants/heat-pump-systems/
https://www.seai.ie/grants/home-energy-grants/heat-pump-systems/
https://www.citizensinformation.ie/en/housing/housing_grants_and_schemes/home_energy_saving_scheme.html
https://www.dias.ie/cosmicphysics/geophysics/geo-recent-research-activities/
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Based on extensive analyses of Ireland’s thermodynamic potential, the Geothermal Energy 

Resource Map of Ireland80
 (Figure 3) was produced, providing the most accurate deep crustal 

interpretation of Ireland to date, and indicating areas of geothermal investment potential. High 

potential for deep geothermal development is observed for most of the country, with temperatures 

ranging between 60°C and 100°C at 2.5 km below the surface. These thermal anomalies are 

particularly strong in counties with known igneous and metamorphic geology such as Wexford, 

Waterford, Cork, Wicklow and Dublin, the latter of which has generated significant past interest 

from geothermal companies (see Section 5.1., Case Study 1). In Northern Ireland, high 

temperatures exceeding 200°C are observed around the Antrim Lava Group, which makes up the 

Giants Causeway, forming some of the highest recorded temperature gradients in Ireland. 

Although these interpretations are still loosely constrained, they have garnered the attention of 

geothermal companies for their potential in renewable energy generation.81 

 

 
Figure 3. Geothermal Energy Resource map of Ireland illustrating the calculated heat distribution at 2.5 km below 
surface. (Source: Mather and Fullea, 2019; Geological Survey Ireland, 2020).  

https://se.copernicus.org/articles/10/839/2019/
https://secure.dccae.gov.ie/GSI_DOWNLOAD/Geoenergy/Reports/GSI_Assessment_of_GeoDH_for_Ireland_Nov2020_v2.pdf


Library & Research Service | L&RS Spotlight  16 

Ireland’s geothermal potential is not confined to land-based resources. Offshore hydrocarbon 

exploration to the west of Ireland has resulted in the identification of geothermally promising 

aquifers, thought to be capable of generating up to 100 MW of electricity capacity.82 The 

development of geothermal electricity generation off the Irish coast offers continued energy 

security (see Section 6.1.1.) in the wake of decreasing national natural gas supplies.83 However, 

utilisation of offshore aquifers for geothermal energy will have direct operating conflicts with carbon 

capture and storage (CCS) within the same aquifers. This is due to the injection requirement for 

CCS and the need to extract fluids for geothermal use. Should these conflicts occur, projects 

would have to be examined in greater detail to avoid reintroduction of stored CO2 into the 

atmosphere. 

 

3. Heat and Electricity  

The total primary energy production in Ireland (i.e. all sources of energy, both renewable and non-

renewable) in 2019 was around 170 Terawatt hours84 (TWh). This can be broken up into three 

primary modes: transportation, heat and electricity, each of which share roughly a third of the 

total primary energy produced. Since geothermal resources can only contribute electricity and 

heat, only these two sectors are discussed further in the sections below. 

 

3.1. Heat Use in Ireland 

Heat generation in Ireland is a major consumer of fossil fuels, accounting for more than one third of 

the total energy consumption.85 Of all heat produced in Ireland in 2019, the residential sector is by 

far the largest consumer, accounting for 46% of final heat use, 80% of which is derived from oil 

and natural gas.86 This is followed by industry (34.8%), services (15%), and agriculture (4.2%).87 

As such, residential heat generation represents the greatest potential for energy savings and 

decarbonisation in the heat sector.  

The use of fossil fuels, such as peat, for heating has been shown to directly corelate to the 

widespread availability of peat bogs,88 leading to high uses of this fuel as a residential heat source 

in peat-rich areas, such as west and central Ireland. Similarly, in areas of low gas and peat 

availability, the use of oil is prevalent (Figure 4).  

Recent research has suggested that the adoption rate of gas increases exponentially for each year 

a gas network is in place.89 According to the 2016 Irish census, heating in cities (including Dublin, 

Cork and Galway) is dominated by natural gas, and to a lesser extent electricity (Figure 4), giving 

way to oil and peat use inland as gas infrastructure connectivity decreases. The use of natural gas 

for heating is largely confined to major cities, with 57% of all gas heated households in Ireland 

being located in the Dublin area (Figure 4). 

 

 

 

Ireland’s residential household sector is the single largest consumer of heat energy. 

Currently, more than 80% of this heat comes from oil and gas. 
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Figure 4. National distribution of the main fuels used for heating, as well as the use of electricity and natural gas for 
heating in the three most populated cities, as recorded in the 2016 Irish census (GIS data sources: Ersi, USGS, Airbus 
DS, USGS, NGA, NASA, CGIAR,N. Robinson, NCFAS, NLS, OS, NMA, Geodatastyrelsen, Rijkswaterstaat, GSA, 
Geoland, FEMA, Intermap and the GIS user community). 
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Despite the increasing consensus for cleaner energy use, encouraged by the government of 

Ireland and the European Union,90 as well as general support for renewable energy in rural 

Ireland,91 the use of oil and peat for heat generation predominates outside of major city centres 

(Figure 4). This is due to an overall lack of natural gas network infrastructure that has left rural 

Ireland with few alternatives to conventional oil heaters, amidst a prospective ban on new oil and 

gas boiler installations in the near future.92 

 

 

 

For 2019, CO2 emissions from heating in Ireland totalled around 12 Mt. Of that, CO2 emissions 

generated from the residential sector accounted for around 6 Mt or 50% of all heat-related CO2 

emissions in Ireland.93 Placed into perspective, 17% of Ireland’s total energy-related CO2 

emissions for 2018 was derived from residential heating94 (Figure 5).  
 

 
Figure 5. Energy-related CO2 emission for heating in Ireland by sector in kilotonnes (Kt) from 1990 to 2019. (source: 

SEAI, Energy-related CO2 emissions in Ireland 2020 report; Denis Dineen, personal communications) 

 
The inclusion of geothermal energy as an alternative to conventional oil and gas heating within the 

residential sector, would significantly reduce Ireland’s overall CO2 emissions whilst contributing to 

the diversity of Ireland’s renewable energy portfolio. Furthermore, the inclusion of geothermal 

energy in district heating policy will provide a means to potentially heat thousands of urban 

dwellings, businesses, public buildings and some industrial sites95 thereby removing the need for 

fossil fuel heating in city centres. 

 

3.2. Electricity Use in Ireland 

The current state of electricity generation in Ireland comprises a mix of renewable and non-

renewable sources, with gas being the primary fuel. The combined 90%96 drop in coal and oil 

powered electricity generation over the last two decades has coincided with rapid growth in 
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Energy used for heating in the residential sector contributed 17% of Ireland’s total 

energy-related CO2 emissions for 2018. 

 

https://www.seai.ie/publications/Energy-Emissions-Report-2020.pdf
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renewable electricity generation (Figure 6). This growth, amounting to approximately 541%97 from 

renewables in the primary fuel mix for electricity generation from 2005 to 2019, has been largely 

driven by Ireland’s emission reduction commitments under the 2015 Paris Agreement98 and the 

now-repealed Renewable Energy Directive 2009/28/EC99 (superseded by Directive 

2018/2001/EU).100 Ireland’s overall renewable energy strategy is strongly dependant on renewable 

electricity, which accounted for approximately 36.5% of all electricity generated in 2019, second to 

natural gas at 50.8%.101 

 

 
Figure 6. Primary fuel mix for electricity generation for 2005-2019. (Source: SEAI, Energy in Ireland 2020 report) 

 
Wind energy is the primary source of renewable electricity generation in Ireland and as such, is a 

major contributor towards meeting Ireland’s renewable energy targets, both recent (2020)102 and 

future (2030 and 2050).103 This electricity capacity is set to grow in the coming years with the 

inclusion of large offshore wind projects such as the Codling Wind Park project off Ireland’s east 

coast (under consultation), which will add an additional 1.5 Gigawatts of electricity to the grid.104 

 

 

 

Ireland’s renewable electricity portfolio is heavily invested in wind-generated electricity, 

accounting for around 85% of all renewable electricity generated in 2018.  

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://www.seai.ie/publications/Energy-in-Ireland-2020.pdf
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With the second highest share of wind energy in the 

EU,105 Ireland’s overall wind electricity capacity is 

substantial. Wind-generated electricity accounted for 

around 85% of all renewable electricity in Ireland for 

2018 (Figure 7), with few available alternatives 

capable of meeting similar demand.106 However, wind 

power is weather-dependent and can be intermittent. 

This ‘all eggs in one basket’ approach for renewable 

electricity contains inherent risks to power 

disruptions.107 There remains a need for a source of 

constant renewable energy that can provide stable 

baseload power. Geothermal energy can make a 

considerable contribution to meet this need. 
108 

 

3.3. Energy in Industry 

Ireland’s industrial sector can be subdivided into five major categories: Primary Goods; 

Pharmaceuticals; Information and Communication Technology (ICT); Financial Services; and 

Export and Trade.109 The contribution of renewable energy towards these industrial sectors will 

have increasing implications for future developmental funding under the European Green Deal.110 

The recent European Investment Bank Roadmap 2021-2025111 places increasing emphasis on 

funding projects that are considered ‘environmentally friendly’ and in line with the principles and 

goals of the 2015 Paris Agreement.112 The ‘environmentally friendly’ status of these projects will, in 

turn, be defined and regulated in line with the Regulation (EU) 2020/582113 and the EU Taxonomy 

for Sustainable Activities to ensure projects qualify for funding.114 As such, future investment in 

Ireland’s industry projects under these guidelines will directly depend on the environmental impact 

of these projects and their contribution to Ireland’s overall commitments to the 2015 Paris 

Agreement. In this section, the energy needs of ICT and Primary Goods, as two energy intensive 

sectors, are discussed. 

3.3.1. Information and Communication Technology 

ICT is one of Ireland’s fastest growing and most energy intensive sectors.115 Hosting several global 

leaders in ICT services,116 including Ebay, Facebook, Google, Amazon, Linkedin, Twitter, Paypal 

and Microsoft, Ireland is the second largest global exporter of computer and IT services, which 

contributes more than €50 billion in export revenue per year.117 There are 66 data centres currently 

in operation in Ireland with a total designed electricity capacity of 834 MW.118 Of the 66 operational 

data centres, 31 of the largest centres use around 667 MW of the total design electricity capacity, 

approximating to 80%.119 Through the addition of 10 centres currently under construction, including 

the west Dublin Amazon hub, and a further 31 centres with planning permission, an additional 831 

MW of electricity demand is estimated in the near future.120   

In light of the growing demand from big data centres, some multinationals (including Google, 

Facebook and Amazon) have undertaken projects to secure renewable energy supply, primarily 

through wind energy generation. Amazon has backed the development of a 23.2 MW wind farm in 

Figure 7. Share of renewable electricity in Ireland 
for 2018 (normalised). ‘Other’=biogas, landfill gas 
and solar PV. (Source: SEAI, Renewable energy in 
Ireland 2020 update) 

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.eib.org/en/publications/the-eib-group-climate-bank-roadmap
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32020R0582
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-taxonomy-sustainable-activities_en
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-taxonomy-sustainable-activities_en
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://www.seai.ie/publications/2020-Renewable-Energy-in-Ireland-Report.pdf
https://www.seai.ie/publications/2020-Renewable-Energy-in-Ireland-Report.pdf
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County Cork,121 which is now operational, as well as planned 91.2 MW and 115 MW wind farms in 

Counties Donegal122 and Galway123 respectively. 

Although effort is being made to compensate for the estimated electricity demand from data 

centres, a report by EirGrid124 found that Ireland’s data centre electricity demand could exceed 

national supply by 2026, ultimately accounting for 27% of all electricity demand in Ireland by 

2029.125 The addition of geothermal electricity to the energy mix could significantly improve the 

current supply demand from data centres by contributing a stable baseload to the national energy 

grid. 

3.3.2. Primary Goods 

Ireland’s Primary Goods sector includes Mining and mineral products, Construction, Food 

beverage and tobacco, Wood and wood products, and Manufacturing (Figure 8A). Of these, 

Manufacturing has consistently consumed the largest portion of energy from 1990 to 2019, 

followed by Food, beverage and tobacco, and Mining and mineral products, which have remained 

relatively even.126 As the largest consumer of energy in the Primary Goods sector, Manufacturing 

exhibited no growth in renewables from 1990 to 2019.  

 

. 

Figure 8. (A) Final energy consumption for Irish Primary Goods sector between 1990-2019 in kilotonne of oil equivalent 
(Ktoe). Manufacturing is consistently the highest consumer of energy at around 1000 Ktoe per annum. (B) The use of 
renewable energy for the same groups indicates significantly lower levels of energy consumption from renewable 
sources between 1990-2019, with Manufacturing and construction showing zero growth over the past 20 years. Sectors 
include Construction, Mining and mineral products (Non-energy mining; Other non-metallic mineral products), Food, 
beverage and tobacco; Wood and wood products; and Manufacturing (Textiles and textile products; Pulp, paper, 
publishing and printing; Chemical & man-made fibres; Rubber and plastic products; Basic metals and fabricated metal 
products; Machinery and equipment; Electrical and optical equipment; Transport equipment manufacture; Other 
manufacture). (Source: SEAI, energy data downloads). 

https://www.seai.ie/publications/Energy-by-Fuel.xlsx
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Renewable energy used in Wood and wood products has been relatively minor, with a 12 Ktoe 

difference between 2005 and 2019 (Figure 8B). This uptake can be almost entirely attributed to 

biomass. Renewable energy in Food, beverage and tobacco saw a negative growth between 2005 

and 2019, decreasing by 29 Ktoe. Overall, the growth of renewables within Ireland’s Primary 

Goods sector has been relatively poor, with low progress made. The contribution of geothermal 

heat to production processes (as described previously in Section 3.3.) could reduce energy 

demand and improve efficiency within the Primary Goods sector.   

 

4. Policy Context 

4.1. Policy for Renewable Heat  

The current growth of renewable energy in Ireland and the EU was largely mandated by the now-

repealed European Commission Renewable Energy Directive 2009/28/EC127 (RED I), which set 

two binding targets for renewable energy in Ireland for 2020:  

1) Renewable energy share (RES): The target for the overall share of energy from renewable 

sources. This target is based on the share of renewables in gross final consumption for each 

Member state, which for Ireland, was set to 16%. 

2) Renewable energy used for Transport (RES-T): At least 10% share of renewable energy used 

for transport in roads and rail (this target was later increased to at least 14% under Directive 

2018/2001/EU.128 

Ireland has added two further, non-binding targets to contribute towards the RES mandate. These 

included a 40% share of gross electricity use from renewable sources (RES-E) and 12% share of 

heat from renewable sources (RES-H) by 2020.129   

 

 
 

Moving forward, the Renewable Energy Directive 2018/2001/EU130 (RED II; recast from Directive 

2009/28/EC) sets a legally binding target of 32% for the overall share of energy from renewable 

sources for 2030,131 in line with energy initiatives and strategies to decarbonise as presented in 

2020 under The European Green Deal.132 In response to these targets, Ireland’s National Energy 

and Climate Plan 2021-2030133 aims for trajectories of 15% renewable heating and cooling, 70% 

renewable electricity (subsequently increased to 80% renewable electricity in the 2021 Climate 

Action Plan134) and an overall 34.1% share of energy from renewable sources by 2030. This is 

further enforced by Ireland’s target of a 51% reduction in the total amount of GHG emission by 

Ireland’s binding targets set out by the now-repealed Renewable Energy Directive 

(2009/28/EC) were not met by 2020.  

• 

“Ireland’s poor performance in renewable heat is the biggest reason for us failing to 

achieve our overall renewable energy target (for 2020).” – SEAI Renewable Energy in 

Ireland: 2020 Report 

 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0028
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://www.gov.ie/en/consultation/5bd95-climate-conversation-climate-action-plan-2021/
https://www.gov.ie/en/consultation/5bd95-climate-conversation-climate-action-plan-2021/
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2030 and a legally binding target of net-neutral carbon emissions by 2050 relative to 1990 levels, 

as detailed in the Climate Action and Low Carbon Development (Amendment) Act 2021.135  

Continued initiatives from the European Commission to achieve net-neutral greenhouse gas 

emissions for Europe by 2050 under the European Green Deal, has resulted in the European 

Commission’s ‘Fit for 55’ package. In the Fit for 55 package, a set of legislative and policy 

initiatives is proposed to update and revise current EU legislation in line with achieving the climate 

goals agreed upon by the Council and the European Parliament.136 This includes initiatives in 

energy and fuels, transport, buildings, land use and forestry, and climate,137 the latter of which cites 

a proposed 55% cut in GHG emissions by 2030, up from the previous target of 40% in the 2030 

Climate and Energy Framework.138 The focus on renewable energy policy at national and 

European level for renewable electricity, coupled with the lack of binding targets for RES-H, has 

coincided with rapid progress in favour of RES-E in Ireland.139 This approach, whilst beneficial to 

the overall electricity diversification, has proven to be inefficient in meeting Ireland’s 2020 

emissions targets, as it neglects the growing demand for heat in Ireland.140  

4.2. Policy for Geothermal Investment 

Poor commitment to renewable heat from Ireland141 is juxtaposed by EU directives aimed at 

encouraging the development and use of geothermal energy for heating. In 2019, the EU 

published its Clean Energy for All European package,142 providing an overhaul of its energy policy 

framework, aimed at accelerating the clean energy transition and delivering on the EU’s 

commitments in the 2015 Paris Agreement.143 Article 15 of the Renewable Energy Directive 

2018/2001/EU144 requires coordination of administrative procedures on the authorization, 

certification and licensing of renewable energy for heating and cooling, referring specifically to 

geothermal systems in Article 7 of the same Directive. Furthermore, Article 18 obliges Member 

states to provide training for the development of the renewable heating and cooling sector, which 

includes the installation of ground source heat pumps.  

In line with Directive 2010/31/EU,145 Ireland’s BER rating provides the calculated energy 

performance of new and existing buildings undergoing major renovations. In the case of new 

buildings, the installation of renewable heat systems, including ground source heat pumps, is 

required. Eco-design requirements for ground source heat pumps is further set by Directive 

2009/125/EC146 (amended to Directive 2012/27/EU147). 

For deep geothermal energy development, Article 11 of Directive 2000/60/EC148 may authorise the 

reinjection of water into the same aquifer for geothermal purposes, provided that reinjection does 

not compromise the achievement of environmental objectives underlined in national groundwater 

policy. Standards for groundwater protection against pollution and deterioration are provided under 

Directive 2006/118/EC149 in order to prevent and mitigate contamination. 

 

4.3. Policy for District Heating 

Under Article 14 of the 2012 European Energy Efficiency Directive 2012/27/EU, Member States of 

the European Union are mandated to assess the potential of expanding cogeneration and efficient 

district heating and cooling.150 Following studies surrounding data centre thermal management and 

district heating,151 plans to develop district heating facilities in Tallaght (to begin construction in 

2021) will alleviate heat demand by contributing waste heat from the nearby Amazon data centre, 

https://www.oireachtas.ie/en/bills/bill/2021/39/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/package-fit-for-55
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:285:0010:0035:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:285:0010:0035:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32000L0060
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006L0118
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://www.codema.ie/projects/local-projects/tallaght-district-heating-scheme/
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whilst saving almost 1,500 tonnes of CO2 each year.152 However, geothermal energy is not yet 

included as a potential heat source for district heating.  

 

 

 

For the inclusion of geothermal heat in future district heating networks, the treatment of ‘waste 

heat’ in Document L of the Building Regulations153 needs to be updated to be brought in line with 

other EU countries where it is considered on par with renewables as referenced in Articles 15 and 

23 of the Renewables Energy Directive 2018/2001/EU.154 This would be crucial in deep geothermal 

installations where electricity generation is the primary function, from which heat might be 

considered ‘waste’.  

Despite the lack of any primary legislation surrounding the implementation and regulation of 

geothermal energy, active development for the inclusion of geothermal energy in district heating is 

currently underway by the Department of the Environment, Climate and Communications, which 

plans to set out new geothermal regulation.155 This includes the publication of the Geothermal 

Energy in Ireland Roadmap for a Policy and Regulatory Framework (Geothermal Roadmap), a 

non-technical report for developing geothermal policy and regulation in Ireland.156 This Geothermal 

Roadmap is published in conjunction with the Geological Survey Ireland (GSI) ‘Assessment of 

Geothermal Energy for District Heating in Ireland’157 which provides a technical analysis for the 

potential and feasibility of geothermal resource development in Ireland.  

The Geothermal Roadmap highlights the lack of a specific policy surrounding geothermal 

legislation and regulation for the exploration, ownership, development and production of 

geothermal resources and broadly identifies key sectors that would hold an interest in geothermal 

resource development. Since the Geothermal Roadmap forms stage one of a four-stage series, no 

specific details are given as to what policies are planned nor how these policies will be emplaced. 

Similarly, little information is offered regarding the identification of stakeholders or the details 

surrounding the consultation process. However, these factors are left open to be addressed during 

stage two (the development stage) which is planned from Quarter 4, 2021 to Quarter 4, 2022.158  

As part of the developmental stage of the Geothermal Roadmap, the Department of the 

Environment, Climate and Communications seeks to publish a draft policy statement in December 

2021 which has been screened for Strategic Environmental Assessment as required under the 

European Communities (Environmental Assessment of Certain Plans and Programmes) 

Regulation 2004 (as amended).159 This process is currently underway with the opening of the 

Public Consultation on Scoping Report for the Environmental Assessment of the Emerging Draft 

Policy Statement on Geothermal Energy.160 For the growth of district heating in Ireland, it is crucial 

that policy created for district heating includes the possibility of input from geothermal sources. 

 

 

District heating in Ireland is in its infancy and will rely (in the short term) on waste heat 

input from industrial facilities. Heat input from geothermal systems may become viable with 

the development of clear policies surrounding geothermal energy. 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://www.gov.ie/en/publication/abe7a-geothermal-energy-in-ireland-a-roadmap-for-a-policy-and-regulatory-framework/
https://www.gov.ie/en/publication/abe7a-geothermal-energy-in-ireland-a-roadmap-for-a-policy-and-regulatory-framework/
https://secure.dccae.gov.ie/GSI_DOWNLOAD/Geoenergy/Reports/GSI_Assessment_of_GeoDH_for_Ireland_Nov2020_v2.pdf
https://secure.dccae.gov.ie/GSI_DOWNLOAD/Geoenergy/Reports/GSI_Assessment_of_GeoDH_for_Ireland_Nov2020_v2.pdf
https://www.gov.ie/en/publication/abe7a-geothermal-energy-in-ireland-a-roadmap-for-a-policy-and-regulatory-framework/
https://www.gov.ie/en/publication/abe7a-geothermal-energy-in-ireland-a-roadmap-for-a-policy-and-regulatory-framework/
https://www.irishstatutebook.ie/eli/2004/si/435/made/en/print
https://www.irishstatutebook.ie/eli/2004/si/435/made/en/print
https://www.gov.ie/en/consultation/f6082-public-consultation-on-scoping-report-for-the-environmental-assessment-of-the-emerging-draft-policy-statement-on-geothermal-energy/
https://www.gov.ie/en/consultation/f6082-public-consultation-on-scoping-report-for-the-environmental-assessment-of-the-emerging-draft-policy-statement-on-geothermal-energy/
https://www.gov.ie/en/consultation/f6082-public-consultation-on-scoping-report-for-the-environmental-assessment-of-the-emerging-draft-policy-statement-on-geothermal-energy/
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5. Geothermal Case Studies 
 

The geothermal potential from six case studies (two from Ireland, and one each from Hungary, 

Italy, France and The United Kingdom) was examined with the aim of identifying their thermal, 

electrical or duel-energy production and their respective developmental successes. Each 

geothermal case is summarised in table format. For graphical purposes, the potential energy 

generation (electricity and heat) of each case is compared to the approximate total energy 

consumption (heating and non-heating) for an average Irish household (at 650 homes per 

1MW161), where:  

 = 1000 electrically powered houses; and 

 = 1000 thermally heated houses. 

 

5.1. CS1: Newcastle Deep Geothermal Project, South Dublin 

 
 

Table 1. Summary of proposed geothermal energy output for the Newcastle deep geothermal project. ORC – Organic 

Rankine Cycle.162 

 Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of plant 

Temp. Resource 

type 

Newcastle ORC Electricity 4.5 MWe 25-30 years >120°C Deep 

 

Geothermal exploration drilling at Newcastle, south Co. Dublin began in 2006 and was completed in 

2009 with three shallow and two deep boreholes, through which temperatures of at least 46.2°C at 

1.4 km were identified.163 Following this, and with the support of the Sustainable Energy Authority of 

Ireland, technical surveys were conducted (including a 2D seismic reflection survey, a vertical 

seismic profile and a microgravity survey) in 2010 along the margin of the Dublin basin to identify 

reservoir potential at 4 km underground. Based on these results, private firm GT Energy applied for 

planning permission on behalf of Newcastle Energy Ltd to construct a 4.5 MW electricity generating 

geothermal plant at Newcastle.164 Once approved, the proposed plant, which consisted of one 

production (in-flow) borehole and one re-injection (out-flow) borehole, would have created 100 jobs 

during the construction phase and employed 10 permanent staff.165 

Planning permission was granted in 2010, however, the lack of Renewable Energy Feed-in Tariff 

(REFIT) for geothermal electricity generation, coupled with the lack of legislation around deep 

geothermal energy, proved to be a significant barrier, and the project was scrapped, as were future 

plans by the company to develop more geothermal plants in Ireland.166  
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5.2. CS2: IKEA, Ballymun, Dublin 

 

 

Table 2. Summary of geothermal energy output at the IKEA building in Ballymun, Dublin167. 

 Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of plant 

Temp. Resource 

type 

IKEA 

Ground 

source heat 

pump 

Heating & 

cooling 

1.5 MWth 25-30 years 10°C Shallow 

 

The IKEA Ballymun store opened in 2010 on a site of approximately 0.126 km2. The two-story 

structure over a partially enclosed ground-level parking lot, has a total floor area of around 30 000 m2. 

A total of 158 boreholes, each around 120 metres deep,168 were drilled to install the closed-loop 

heating system in one of the parking lots. This single-building system uses a stable ground 

temperature of 10°C to transfer heat to the building above ground, where it is combined with heating 

from biomass to support the building’s entire heat demand. A primary expense to the geothermal 

installation lay in the exploration borehole drilling,169 which used around half of the total €2.2 million 

installation cost. This cost was carried by IKEA and extended the payback time of the project from 

the 3-5 years to 8 years.170 

 

5.3. CS3: South Hungary Geothermal Demonstration Plant, Hungary 

 

Table 3. Summary of geothermal energy output at the South Hungary Geothermal Demonstration Plant, Hungary. ORC – 

Organic Rankine Cycle.171 

   Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of 

plant 

Temp. Resource 

type 

Demonstration  

Plant 

ORC Electricity 3.75 MWe 30 years 126°C Deep 

 

The South Hungary Geothermal Demonstration Plant is a deep geothermal system that has been 

generating electricity since 2017. Through a system of one production well and two reinjection 

wells, underground fluid, with a temperature of approximately 126°C,172 is pumped to the 

production plant, where its thermal energy is transferred to the ORC working fluids through heat 

exchangers. The ORC fluid evaporates, and the generated steam is used to drive electricity 

generating turbines. After which the steam is condensed back into a liquid to be cycled through the 

system again. The thermally-depleted geothermal fluid is then reinjected into the original 

subsurface aquifer without any external pollutant contamination. The geothermal plant currently 
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produces only electricity but is designed to incorporate heat and/or thermal water for recreational 

use (spa water in concept phase).173  

 

5.4. CS4: Bagnore, Italy 

 

 

 

Table 4. Summary of geothermal energy output for the Bagnore power plant, Italy.174 Flash energy generation occurs by 
using super-hot steam, direct from underground, to drive electricity turbines. ORC – Organic Rankine Cycle.175 

 Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of plant 

Temp. Resource 

type 

Bagnore 
Flash + 

ORC 

Electricity 

& heat 

61.0 MWe 

21.1MWth 

40 years 300-350°C High-heat 

(deep) 

 

Geothermal resources in Italy are classified in terms of high (>150°C), medium (90°C -150°C) and 

low heat (<90°C) and are governed by central and regional governments. The Bagnore geothermal 

system is composed to two plants (Bagnore 3 and Bagnore 4) which produce a combined electrical 

output of 61 MW and heat output of 21 MW. Fluids with a temperature of between 300°C and 

350°C is pumped (from a depth maximum of 3 km) to surface where turbines are driven using both 

steam (flash) and heat extractors (ORC) to fully utilise the geothermal resource. After the fluid has 

been used for electricity generation, residual heat is further exploited for thermal heating, after 

which the thermally depleted fluid is then reinjected back into the original underground aquifer to 

be recirculated176. 

 

5.5. CS5: Rittershoffen, France 

 

 
Table 5. Summary of geothermal energy output for the Rittershoffen Geothermal Plant, France.177 

 Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of plant 

Temp. Resource 

type 

Rittershoffen 
Direct heat Industrial 

heat 

27.5 MWth 25 years 170°C Deep 

France has the highest number of geothermal district heating networks in Europe, servicing the 

heating needs to approximately 450,000 people. There are three classifications for geothermal 

resources in France based on a combination of depth, heat and energy output, namely: shallow, 
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low-temperature and high-temperature resources. The Rittershoffen geothermal plant supplies 

27.5 MWth energy to be used at the Roquette Frères factory for industrial starch manufacturing, 

contributing 25% of the factory’s heat requirements.178 The geothermal plant is positioned in a 

highly faulted geological area from which hydrothermal fluids of 170°C are pumped from a 2.6 km 

deep underground sandstone reservoir. Heat from the hot hydrothermal fluids is transferred to a 

15 km long, secondary loop containing fresh water, after which the hydrothermal fluids is reinjected 

into the original reservoir at 85°C.179 The heated water within the secondary loop is then used 

directly for industrial starch processing.180    

 

5.6. CS6: United Downs Deep Geothermal Power Demonstration Plant, 

Cornwall, UK 

 

 

 

Table 6. Summary of geothermal energy output for the United Downs Deep Geothermal Power Demonstration Plant, 

United Kingdom. ORC – Organic Rankine Cycle.181 

 Energy 

generation 

technology 

Energy 

use 

Installed 

capacity 

Estimated 

life of 

plant 

Temp. Resource 

type 

Demonstration 

Plant 

ORC Electricity 

& heat 

3.1 MWe 

12 MWth 

25 years 185°C Deep 

 

The United Downs Deep Geothermal Power Demonstration Plant was initiated in 2009 with an aim 

of generating both electricity and heat. For electricity generation, hydrothermal fluid with a 

temperature of around 185°C, is pumped from highly fractured granite rock 5.2 km underground, to 

the production facility at the surface. There, thermal energy from the heated fluid is transferred to 

an ORC working fluid through heat exchangers, where it is used to drive electricity generating 

turbines. Once the heat has been extracted, the thermally-depleted geothermal fluid is pumped 

back underground into the faulted granite body to be recirculated and used again. In addition to the 

3.1 MW electricity capacity, the demonstration plant is capable of extracting temperatures of 

approximately 80°C for heating and agribusiness.182  The United Downs Deep Geothermal Power 

plant plans to begin operation in 2022, feeding electricity to the national grid, as well as heat to a 

local rum distillery and a residential housing estate of 10 000 residences.183 Success in the project 

has led to plans to build four additional sites in Cornwall by 2026, potentially generating hundreds 

of jobs in the geothermal sector.184 

 

 

 

 

 

https://www.langarth.co.uk/
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6. Advantages and Barriers to Geothermal Energy 

As indicated thus far, the development of geothermal heat and electricity within Europe has proven 

attractive, notably within the residential and industrial sectors, contributing towards achieving 

national targets in line with the European Green Deal185 and Renewable Energy Directive 

2018/2001/EU.186 The inclusion of geothermal energy into the Irish energy mix, could present 

similar advantages, including: contributing towards national energy supplies; improving energy 

production; and contributing towards Ireland’s climate goals (Figure 9). However, based on 

challenges presented in this Spotlight, there are a number of barriers that must be addressed for 

the effective introduction of geothermal energy in Ireland, namely: classifying the resource; 

planning and regulation around its use; mitigating risk; and addressing geological uncertainty 

(Figure 9).   

 

 
Figure 9. Summary of the main advantages and barriers to geothermal development in Ireland 

 

6.1. Advantages 

  

6.1.1. Energy Security                  

Energy diversity is an essential precursor for energy security and sustainability transition 

and is a key feature in the Renewable Energy Directive 2018/2001/EU.187 Energy 

security refers to uninterrupted access to reliable, affordable supplies of energy.188 At present, 

continued energy security in Ireland largely rests on increased electricity supply, primarily from 

renewables (36.5% of Ireland’s electricity generation) and a continued supply of natural gas 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0640
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
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(50.8% of Ireland’s electricity generation) 189. The latter of which will have to be imported when 

Ireland’s Corrib gas field is depleted in the near future.190 Ireland’s dependence on foreign energy 

sources is further exemplified by its oil consumption which is primarily used for heating. At present, 

100% of Ireland’s oil is imported and forms the largest share (73%) of Ireland’s total energy 

imports.191  

The drive for reduced fossil fuel consumption and reaffirmation of the targets of the Paris 

Agreement192 in the recent United Nations Climate Change Conference (COP26) in Glasgow, 

highlight further need for diversified renewable technologies. In its recent World Energy Outlook 

2021 report, the International Energy Agency identifies geothermal energy as a key technology in 

transitioning away from fossil fuels and enhancing energy security.193 

Geothermal resources can provide a steady energy baseload to both heat and electricity supply 

that remains unaffected by external factors such as the weather and is potentially unlimited. This 

flat, baseload production profile is well matched to one of the country’s main electricity consumers, 

data centres, which Eirgrid Group estimate will account for 29% of Ireland’s total electricity demand 

by 2029.194 Furthermore, there is also a possible reduction in electricity storage requirements (or 

backup gas turbines) that would otherwise be required to supply electricity baseload when 

adequate wind and/or sun conditions are unavailable. 

The inclusion of geothermal energy as an alternative source of renewable energy will contribute to 

the diversification of Ireland’s energy mix, which, as noted by the SEAI, “enhances energy security, 

particularly where there is an over-reliance on a single fuel source”.195 This sentiment remains valid 

with increasing energy demands in Europe,196 and is a key strategy for Europe’s energy security as 

outlined in EU Regulation 2018/1999, Article 4.197  

 

6.1.2. Energy Production – Efficiency and Land Use 

In addition to a high, 400% energy efficiency of ground source heat pump systems 

mentioned previously (see Section 2.1.1.),198 deep geothermal energy has a vastly 

smaller surface footprint compared to other commercial, renewable technologies such as wind 

energy. The placement of off-shore and on-shore wind farms in Ireland is often a contentious issue 

for surrounding communities,199 creating a potential barrier for future wind farm developments in 

line with Ireland’s 2030 RES-E targets.200  

When compared to wind generated electricity, the placement of geothermal power plants exhibits 

significant advantages, including land use. On average, the total surface land use for wind turbines 

is around 0.3 km2 per 1 MW electricity generation.201 By comparison, the United Downs 

Demonstration Geothermal Power Plant in the United Kingdom, currently uses approximately 

0.005 km2 of surface land per 1 MW electricity,202 that is 60 times less surface land needed to 

produce the same quantity of energy.  

6.1.3. Climate Goals 

Renewable energy in Ireland is missing a potentially significant contribution from 

geothermal resources. The growth of renewable energy from available geothermal 

resources can positively contribute to mitigating the effects of climate change through cuts in GHG 

emissions. In 2019, shallow geothermal energy in Sweden, a country with similar subsurface 

https://ukcop26.org/
https://www.iea.org/reports/world-energy-outlook-2021
https://www.iea.org/reports/world-energy-outlook-2021
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ:L:2018:328:TOC&uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG
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conditions to Ireland, provided approximately 17.1 TWh (or 17100000 MWh) of heating.203 Put into 

perspective, this is more than half (roughly 67%) of the total share of final heat consumption for 

Ireland’s residential sector for 2019.204  

A recent report prepared by XD consulting on renewable heating in Ireland205 found that, to meet 

targets for 2030 and 2050, the contribution from renewable heating in Ireland could more than 

quadruple by applying tried and tested technologies across multiple sectors. Contributing towards 

Ireland’s climate goals through renewable heat and electricity generation will also positively 

influence our attractiveness for future ‘green finance’ from the European Union. This ‘green 

finance’ includes any structured financial activity that has been created to ensure a better 

environmental outcome206 and is in line with the objectives of the European Green Deal.207 With a 

strong mandate from the European Investment Bank and the European Union on spending in line 

with the principles and goals of the 2015 Paris Agreement,208 the growth of renewables in both 

heat and electricity is imperative to ensure continued investment in Ireland’s industrial sector.  

 

6.2. Barriers 

6.2.1. Classification of Geothermal Resources 

Effective exploration for geothermal resources and subsequent planning and 

implementation (discussed below) of shallow and deep geothermal systems in Ireland, 

requires standardised Irish classifications for terms such as “geothermal resource”. These 

classifications, which form the core for any related framework,209 differ from country to country and 

can be generally classified into four categories: 

1) A mineral resource – falling into the realm of mineral legislation; 

2) A water resource – to be handled by water legislation;  

3) A substance regulated under oil and gas legislation; and 

4) A resource that is treated as unique and thus falling within its own legislative category.  

Most European countries will follow some combination of category 1 and 2, typically combining the 

two depending on the depth of the resource. This inevitably results in the involvement of multiple 

departments and prolonged licensing procedures. This is further complicated by the variable 

definitions for ‘shallow’ and ‘deep’ geothermal. Deep geothermal energy in Germany, for example, 

is classified as energy that is taken from aquifers with temperatures of around 160°C.210 The same 

approach is taken by Italian legislation, which classifies ‘deep’ geothermal resources as greater 

than 150°C and ‘shallow’ as less than 90°C.211 These classifications, however, do not consider 

unusual (although not uncommon) cases in which high temperatures are found close to surface, or 

prospect areas with multiple resources of variable temperatures.212 French legislation accounts for 

this ambiguity by using a combination of depth, temperature and energy-capacity to define ‘depth’ 

(Table 7).  

 

 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0640
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
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Table 7. Classification of French geothermal systems213 

Class Definition Use 

Shallow 

1) Up to 10 metres and no more than 

30°C 

2) 10 m-200 metres and less than 

500 kW 

Heating 

(heat pumps) 

Deep low temperature 
Less than 20 MWth Heating 

(District heating) 

Deep high temperature Greater than 20 MWth Electricity and heating 

 

The classification of geothermal resources forms the basis of legislation and regulatory frameworks 

for geothermal energy and is intimately linked to planning and permitting rights (discussed below). 

Without standardised Irish definitions, consensus will fall on the current EU definitions which may 

not account for unique resource areas, such as those mentioned above.214 Following examples by 

France and Italy, the establishment of resource definitions based on multiple parameters, including 

depth, flow-rate, enthalpy and energy-capacity, would allow for variable levels of regulation to be 

applied to different classes of geothermal energy systems.  

6.2.2. Planning and Regulation 

Ownership 

Ownership of a geothermal resource is at the core of all geothermal legislation in Europe and 

decides who is entitled to the resource and, importantly, who has the rights to control its 

development. Notwithstanding Irish rules on property rights and ownership, some international 

approaches may offer guidance on how ownership and geothermal energy may be balanced. In 

Germany for example, geothermal resources belong to the mining estate and are governed at both 

Federal (Bund) and State (Länder) level.215 Furthermore, shallow geothermal energy, which 

includes the use of heat pumps, is governed by the water laws of individual German states, thus 

differing throughout Germany.216  

In Iceland, geothermal resources in the ground are attached to private land, as such, a mixed 

model of private and public ownership applies. A resource located on public land is the property of 

the State,217 unless private ownership can be proven. If applied to an Irish context, should a third 

party wish to exploit an identified geothermal resource on private land, a leasing agreement similar 

to that within the Petroleum and Other Minerals Development Act 1960218 could apply.  

 

 

 

The key difficulty in legislating for heat, is that it is energy and not a physical thing but may need to 

be treated as a physical resource for the purpose of ownership. Defining a geothermal resource as 

Ownership of Ireland’s geothermal resources has not yet been defined, but could be 

based on existing models of private, public or mixed ownership. 

http://www.irishstatutebook.ie/eli/1960/act/7/enacted/en/html
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either a mineral or a water resource can greatly reduce ambiguity of ownership.219 If treated as a 

mineral resource, as defined by the Minerals Development Act 2017,220 the licensee would have 

the right to sell the ‘heat product’, as well as sell or transfer ownership of the resource. Conversely, 

if the geothermal resource is treated as a water resource, registration of water abstraction, based 

upon a threshold of quantity as is envisaged under the proposed General Scheme of Water 

Environment (Abstractions) Bill 2018,221 would have to be modified to include water that is 

reinjected without ‘use’ in the typical sense. Furthermore, as described earlier in Section 4.3, the 

reinjection of water would have to comply with Article 11 of the Water Framework Directive 

2000/60/EC,222 ensuring that reinjected water does not compromise the achievement of 

environmental objectives underlined in national groundwater policy. 

 

Licensing and Registration 

Splitting resource definitions between water and minerals could prolong the application process. 

For example, if amendments to the current Minerals Development Act 2017,223 were made to 

include the extraction of geothermal resources (which is currently not referenced), they would need 

to also include the ‘heat’ resource itself. Depending on the definition of ‘heat’, the licensing process 

could require multiple tiers for permits and subsequent environmental impact assessments.  

Permit consolidation, or lack thereof, can be observed in several European countries. Shallow 

geothermal permits (different authorities are responsible for deep geothermal systems) in Austria 

(Vienna) for example, is authorised by the local water authority, allowing for efficient permitting 

times through a single entity.224 Conversely, permits for shallow geothermal energy in Slovakia 

(Bratislava) is processed through three government entities (State Water Protection Authority, 

Local Water Protection Authority and the Local Building Authority). 225 These authorities regulate 

the drilling, building and construction/installation of geothermal systems. 226  

Article 15 of Directive 2018/2001/EU227 requires all Member states to assess the regulatory and 

administrative barriers to long-term renewable power purchase agreements. It adds, in Article 22 of 

the same Directive, that such barriers be removed if unjustified.228 

The establishment of a streamlined, coordinated permitting process, under a single licensing 

authority to oversee all geothermal resources could help to clarify resource demarcation, 

potentially reducing processing times.  

 

Feed-in Tariffs 

The lack of feed-in tariffs for geothermal heat and/or electricity is a challenge that has blocked 

progress in this sector. Neither the REFIT 1,2,3 schemes nor the subsequent Renewable 

Electricity Support Schemes (RESS 1 and RESS 2), which replaced the REFIT scheme, 

addressed the need for a geothermal feed-in tariff.229  

The recently proposed Micro-generation Support Scheme (MSS)230 attempts to address the need 

for increased options in renewable energy feed-in tariffs on a micro-scale, however, geothermal 

energy is not expressly included in the government’s MSS policy/public consultation. Although the 

maximum electrical output for the MSS is 50 kW which is well below the electrical generation 

potential of deep geothermal plants, a similar feed-in scheme for geothermal heat could encourage 

the use of individual heat pump installations within communal heating arrays.231 Such arrays could 

http://www.irishstatutebook.ie/eli/2017/act/23/enacted/en/html
https://www.gov.ie/en/consultation/1040351409-general-scheme-of-the-water-environment-abstractions-bill-2018/
https://www.gov.ie/en/consultation/1040351409-general-scheme-of-the-water-environment-abstractions-bill-2018/
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32000L0060
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32000L0060
http://www.irishstatutebook.ie/eli/2017/act/23/enacted/en/html
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://www.gov.ie/en/publication/9bf994-renewable-energy-feed-in-tariff-refit-scheme/
https://www.gov.ie/en/publication/9bf994-renewable-energy-feed-in-tariff-refit-scheme/
https://www.gov.ie/en/publication/36d8d2-renewable-electricity-support-scheme/
https://www.gov.ie/en/publication/36d8d2-renewable-electricity-support-scheme/
https://www.gov.ie/en/publication/36d8d2-renewable-electricity-support-scheme/
https://www.gov.ie/en/publication/7f0bb-renewable-electricity-support-scheme-2-ress-2/
https://www.gov.ie/en/consultation/0ada2-public-consultation-on-a-micro-generation-support-scheme-mss-in-ireland/
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involve individual heat pumps within multiple apartments that share a common ground loop 

system, feeding heat back underground during the summer months. 

 

 

 

6.2.3. Risk 

Cost 

Geothermal projects need significantly greater upfront capital expenditure compared to most other 

renewable technologies of similar energy capacity. The ability to raise funds needed for the 

development of an effective geothermal project is inherently linked to the risks associated with a 

failed installation. The drilling phase of the average shallow geothermal system for example, 

consumes approximately 39% of the total costs.232 Precise cost estimation for shallow geothermal 

systems can be difficult as these costs can be highly variable, depending on a variety of factors. 

These include, but are not limited to, local geology, drilling depth, installation size, heat pump 

parameters and heating requirements.233 These costs are significantly higher for deep geothermal 

projects.234 

In recognition of this, the Federal Council of Germany emphasised (in a recent opinion report - 

Drucksache 51/20)235 the importance of “geothermal energy as a substitute to heating networks 

operated by coal or other fossil fuels”. In the opinion piece, it is proposed that the maximum 

funding for drilling costs be increased from €10 million to €30 million per project and that the drilling 

depth restriction of 2,500 metres be removed. 236 

In addition to the high costs, the drilling phase also contains the lowest guarantee of success. If a 

resource area that has been drilled for exploration, is found to be unsuitable for a geothermal 

installation/development, the invested capital is lost. Unquantified geological risk means that 

investors may be more reluctant to contribute to drilling costs as they may not recover their 

investment if the project were to fail.  

 

Liability 

In terms of the Minerals Development Act 2017,237 liability for damage or harm as a result of 

exploration or resource extraction would fall on the licensee. When applied to a geothermal 

context, this approach is mostly adequate to address instances of physical damage such as 

seismicity or structural damage. A case of water pollution, however, would fall into the domain of 

the Local Government (Water Pollution) (Amendment) Act 1990.238 

Should insurance schemes be required by law prior to the granting of exploration licenses, as is 

the case with current mineral legislation,239 then public and private insurance schemes (e.g., 

geothermal guarantees, risk insurance funds, capital grants) would need to be available to cover 

risk associated with exploration and development drilling. Such schemes already exist in several 

 

Geothermal energy may offer a further renewable energy option for micro- and macro-

generation schemes in Ireland 

http://www.mineralsireland.ie/LegislationFeesAndPolicy/ActsAndRegulations.htm
http://www.irishstatutebook.ie/eli/1990/act/21/enacted/en/html
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European countries including France,240 Germany,241 The Netherlands242 and Switzerland,243 from 

which a suitable scheme could be modelled. 

In addition, following closure of a geothermal plant and decommissioning of boreholes, site 

monitoring, such as subsurface water flow or seismic monitoring, should be applied. In such a 

case, liability for monitoring, rehabilitation of land, including the provision of financial security, could 

be applied to the licensee, similar to that within the Minerals Development Act 2017.244 The 

inherent link between the ‘heat resource’ and the ‘water carrier’ cannot be separated and as such a 

mixed model of liability may be an amenable option.   

 

6.2.4. Geological Uncertainty 

Confident understanding of the geological and geotechnical subsurface is needed for 

effective planning for geothermal energy. Unlike wind and solar renewable resources, 

which can be quantified accurately at any site on the Earth’s surface, the suitability of a site for 

geothermal installation requires data derived from drilling several exploration holes at great 

expense. A site that is found to be unsuitable, such as one with limited water flow or unstable 

ground, can be discounted as a potential installation site, but only after drilling has taken place. 

Comprehensive geological information can aid in reducing geological uncertainty, thus removing 

risk when selecting drill targets.  

Quantifying inherent uncertainty prior to geothermal resource exploration is key to improved 

success rates. The contribution from academic and research institutions to this quantification can 

play an important part by providing the funding and expertise necessary to reduce geological 

uncertainty. Projects such as the Dublin Institute for Advanced Science and University College 

Cork ‘De-risking Ireland’s Geothermal energy potential’ (funded by the SEAI and GSI under the 

SEAI Research, Development and Demonstration Funding Programme 2019), seek to improve the 

current knowledge of Irish geothermal potential through comprehensive geophysical and 

geological analyses.245  

 

 

 

A collaborative approach between State, industry and academic institutions can provide a mutual 

platform from which knowledge can be shared. A similar collaborative approach is observed within 

mining legislation in The Netherlands, which mandates all subsurface information gathered under 

mining permits, including data from mineral and oil and gas exploration, as well as scientific 

research, be recorded in a national public database.246 Based on this policy, it is now possible to 

estimate the heat capacity of some sites in The Netherlands at 90% certainty.247 A national Irish 

database containing all available information on the subsurface generated from construction, water 

wells, mineral and hydrocarbons exploration and other geological activities, could leverage 

existing information to reduce costs and geological uncertainty in proposed geothermal projects. 

This central geological database could then be used for the issuing of geothermal planning, 

Support for a comprehensive, publicly accessible geological database containing all 

borehole information, would decrease geotechnical uncertainty and reduce the 

financial risk of proposed geothermal projects. 

http://www.mineralsireland.ie/LegislationFeesAndPolicy/ActsAndRegulations.htm
https://www.dias.ie/2020/02/12/a-major-research-project-on-geothermal-energy-has-started-at-dias-ucc/
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exploration, and exploitation licenses by the relevant authority. Notwithstanding the potential of a 

central geological database on removing geological uncertainty, additional legislative 

considerations may apply to the collection and retention of data, as well as the matter of what 

entity or organisation holds this data.   

 

7. Concluding Remarks 
 

Ireland’s investment in a rapidly growing renewable electricity sector is a progressive step towards 

achieving a 51% reduction in GHG emissions by 2030 and eventually net-neutral carbon emissions 

by 2050. However, following the failure to meet the 2020 renewable energy targets,248 a shift in 

focus to include renewable heat offers the opportunity to meet future targets. Slow progress in the 

renewable heat sector,249 indirectly driven by the lack of binding targets for RES-H at national level, 

makes achieving this goal a difficult task. In line with the Programme for Government,250 continued 

investment from “green finance” funds, such as those included in the €750 billion 

NextGenerationEU Recovery Fund,251 hinges on Ireland’s ability to expand its renewable energy 

portfolio to include heat as a primary target. 

Ireland’s current renewable energy portfolio is heavily reliant on electricity generation from wind 

energy. The International Energy Agency’s (IEA) 2021 World Energy Outlook report highlights the 

importance of diversification for energy security, identifying geothermal energy as a key technology 

in the renewable transition.252 Diversification of Ireland’s renewable energy mix to include 

geothermal electricity and heat would improve Ireland’s overall energy security in line with 

strategies outlined in Renewable Energy Directive 2018/2001/EU253 and Article 4 of the EU 

Regulation 2018/1999.254   

Geothermal energy is a vast resource that has the potential to contribute towards Ireland’s 

electricity and heat demand whilst helping to achieve its binding climate goals under the 2015 

Paris Agreement255 and subsequent European Green Deal.256 The lack of legislative clarity, 

underpinned by the lack of standard policies for geothermal resources, has been identified as the 

biggest barrier to its development, both locally and internationally. In addition, national support 

from government in the form of primary legislation around exploration, planning and regulation of 

geothermal energy has proven to be one of the biggest driving forces to its success in Europe, 

effectively removing uncertainty as a barrier and encouraging confidence amongst investors. 257  

Recognition of this in Ireland has prompted the Department for the Environment, Climate and 

Communications to begin development of a draft policy statement on geothermal energy for 

Quarter 4 of 2021 and, if approved, preparation of supporting legislation setting out new regulatory 

framework for geothermal energy for Quarter 3 of 2022 (see text box below).258  

 

https://www.gov.ie/en/publication/7e05d-programme-for-government-our-shared-future/
https://ec.europa.eu/info/strategy/recovery-plan-europe_en
https://iea.blob.core.windows.net/assets/888004cf-1a38-4716-9e0c-3b0e3fdbf609/WorldEnergyOutlook2021.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ:L:2018:328:TOC&uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ:L:2018:328:TOC&uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
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Following examples within Europe, comprehensive policy development for geothermal energy may 

need consider a number of key regulatory factors, including:  

- Defining a classification framework for geothermal resources based on several parameters 

such as depth, energy capacity, temperature and flow-rate;  

- Defining ownership rights for heat resources and appropriate feed-in tariffs for the sale of 

both heat and electricity;  

- Establishing a risk mitigation framework to reduce the costs and risks associated with 

geothermal projects; and  

- Establishing a shared geological database that would allow better resource estimation for 

exploration.  

Furthermore, in line with Article 15 of Directive 2018/2001/EU,259 permit procedures for geothermal 

exploration and exploitation should be streamlined to avoid unjustified administrative and 

regulatory barriers and encourage the seamless integration of geothermal energy.  

Ireland has yet to establish a significant geothermal market. While the potential of geothermal 

energy is recognised nationally and internationally, a number of legislative and policy challenges 

remain surrounding the extraction and exploitation of geothermal energy, as well as ownership of 

heat resources. The implementation of clear and decisive policies for geothermal resources would 

enable successful geothermal adoption and progressive investment in this proven energy sector 

whilst enhancing Ireland’s energy security.  

“I am keen to ensure that a modern, robust policy and regulatory framework is in 

place to support the increased use of geothermal energy in Ireland. In this regard, 

I announced plans for developing such a framework for the sector. On 18 

November 2020, my Department published two papers, available at gov.ie 

- An Assessment of Geothermal Energy for District Heating in Ireland; and 

- Geothermal Energy in Ireland, A roadmap for policy and regulatory 

framework. 
 

As set out in the roadmap above and in Action 196 of the Interim Climate 

Actions published on 23 March, 2021 the next steps in progressing the policy 

and regulatory framework being undertaken by my Department include: 
 

- further research and acquisition led by Geological Survey Ireland (Q3 

2021); 

- the development of a draft policy statement on geothermal energy to be 

published for consultation (Q4 2021); 

- a final policy for Government consideration (Q2 2022); and, if approved; 

- preparation of supporting legislation setting out the new regulatory 

framework (Q3 2022 onwards).”   

Minister Eamon Ryan, Minister for the Environment, Climate and Communications 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
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