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Disclaimer notice (IEA DHC): 

This project has been independently carried out within the framework of the International 

Energy Agency Technology Collaboration Programme on District Heating and Cooling (IEA 

DHC). 

Any views expressed in this publication are not necessarily those of IEA DHC. IEA DHC can 

take no responsibility for the use of the information within this publication, nor for any errors or 

omissions it may contain. 

Information contained herein has been compiled or arrived from sources believed to be 

reliable. Nevertheless, the authors or their organizations do not accept liability for any loss or 

damage arising from the use thereof. Using the given information is strictly your responsibility. 

Disclaimer Notice (Authors): 

This publication has been compiled with reasonable skill and care. However, neither the 

authors nor the DHC Contracting Parties (of the International Energy Agency Technology 

Collaboration Programme on District Heating and Cooling) make any representation as to the 

adequacy or accuracy of the information contained herein, or as to its suitability for any 

particular application, and accept no responsibility or liability arising out of the use of this 

publication. The information contained herein does not supersede the requirements given in 

any national codes, regulations or standards, and should not be regarded as a substitute. 

Copyright: 

All property rights, including copyright, are vested in IEA DHC. In particular, all parts of this 

publication may be reproduced, or transmitted in any form or by any means, electronic, 

mechanical, photocopying, recording or otherwise only by crediting IEA DHC as the original 

source. Republishing of this report in another format or storing the report in a public retrieval 

system is prohibited unless explicitly permitted by the IEA DHC Operating Agent in writing. 

Image Source (Frontpage): 

Illustration, VEKS – Geotermisk varme i hovedstaden 

Citation: 

Please refer to this report as: 
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1 GEOTHERMAL HEAT 

This fact sheet summarises the key technical information about the construction and principles 

of operation of geothermal heat that find an application in district heat supply. These findings 

are based on the experience from the Danish projects representing the Northern European 

market. 

1.1 TECHNOLOGY DESCRIPTION 

 GEOTHERMAL HEAT 

A Geothermal district heating plant extracts heat from underground water reservoirs. Each 

plant consists of several wells and installations on the surface. Hot water (called brine) is 

pumped from deep underground natural occurring reservoirs. The brine has a temperature 

below 100 °C and the heat is extracted using a heat exchanger and possibly a heat pump. 

Afterwards the heat depleted brine is returned to the reservoir. 

Recent definitions of geothermal energy include all heat from the ground. 

In a typical system, warm geothermal 

water is pumped to the surface from one 

or more production wells, where heat is 

extracted via heat exchangers and 

possibly a heat pump and the heat 

depleted brine pumped back into the 

source reservoir via one or more injection 

wells to maintain the pressure. Figure 1 

shows a system with two wells, a so-called 

doublet system. As shown, a certain lateral 

spacing in the reservoir between 

production and reinjection wells is 

necessary to ensure reheating of the 

injected water for later extraction. This can 

be obtained with deviated well trajectories 

(as the figure shows) or, from a drilling 

point of view simpler, with vertical wells 

and a horizontal transmission pipe on the 

surface. 

Heat from deep reservoirs can be utilized directly through a heat exchanger if the demanded 

temperature is lower than the temperature of the reservoir. Typically, heat pumps are applied 

to meet the demand temperature, as geothermal resources in Denmark in most cases are 

not sufficiently hot to utilize the heat directly. Likewise, use of heat pumps increases 

 

Figure 1 Principle layout of geothermal heat 

system 
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production capacity by cooling the brine before reinjection. The geothermal water has a high 

content of salt - often 10-20% (weight-%) - and various other minerals. 

1.2 TRL 

Geothermal heat is a generally well-known technology and the involved components have 

been widely used for other applications. 

The technical potential for producing DH from geothermal energy is generally assessed to be 

high in most parts of Denmark. But the geothermal potential for a specific location will vary 

according to the availability (thickness and permeability) of reservoir layers at that specific site, 

which in each case need to be assessed during an exploration phase.  

The economic potential depends on the DH systems, locations and abilities to accommodate 

the produced heat and the heat production price of alternative heat producing technologies. 

1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT 

The investment costs (CAPEX) and maintenance costs (OPEX) for the geothermal heat plant 

depend on the capacity, local conditions and potential heat pump for boosting delivery 

temperature to the district heating system. For this, electrical compressor heat pumps or 

absorption heat pumps can be used. 

The investment costs for geothermal heat consist of the following overall parts:  

• Geological investigations and study 

• Well drilling 

• Heat exchangers, pumps, valves etc. 

• Potential heat pump 

• Connection to a power grid (including transformers etc.) 

• Connection to existing DH network 

• Control and electricity work– integration with existing plant.  

• Design and project management, start-up regulation and documentation 

• Building for pump installations  

• Advisors  

The following cost examples are based on plants with at least 8,000 annual operating hours 

(≈4,500 full load hours) and an operational lifetime of more than 25 years. 

NORTHERN EUROPE 

The heat generation costs for geothermal energy depend primarily on geological data (depth, 

thickness, permeability and temperature) and the heat system (heat demand, duration curve 

and forward/return temperatures). The description contains data which are expected to 
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represent realistic conditions for geothermal plants in Denmark based on current knowledge 

and experience. However, it shall be noted that the geological conditions may vary 

substantially from one site to another.  

Six different scenarios for geothermal DH are described, varying by the factors 

• heat pump type (absorption or electrically driven), 

• reservoir depth with anticipated temperature (1200m/44°C and 2000m/68°C) 

• supply and return temperature in the connected DH-grid (80/40°C and 70/35°C) 

 

Table 1 Scenario overview for described combinations of thermal reservoir, heat pumps and 

DH temperatures 

 Heat pump type 
Reservoir 

temp. [°C] 

Reservoir 

depth 
DH temp [°C] 

Scenario Electric Absorption Tres 
Tre-

inj. 
m Tsupply /Treturn 

1a 
X  

44 17 1 200 

80 / 40 
1b 68 33 2 000 

2a 
 X 

44 17 1 200 

2b 68 33 2 000 

3a 
X  

44 17 1 200 
70 / 35 

3b 68 33 2 000 

 

The corresponding energy production data and need for auxiliary energy input has been 

assessed based on design and operating experiences from above mentioned reference plants:  

• Production wells:  

o production wells  

o Specific flow: 160 m3/hour/well  

o Total flow: 320 m3/hour/plant  

• Reinjection wells: 

o 4 reinjection wells  

o Specific flow: 80 m3/hour/well  

o Total flow: 320 m3/hour/plant  

For the a-scenarios (1200 m reservoir depth) this results in 9.4 MWth geothermal heat and for the 

b-scenarios (2000 m reservoir depth) 12.2 MWth geothermal heat. 

The thermal power in the datasheet is stated as heat source from the geothermal reservoir at 

the given number of wells with a given flow and a given temperature and the energy added as 
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drive energy for a heat pump (electricity for electrical compressor heat pumps or net heat from 

a boiler for absorption heat pumps).  

If the reservoir temperature exceeds the return temperature of the connected DH grid by more 

than 4 K (assumed loss of a heat exchanger), direct heat exchange is assumed to cover as 

much as possible of the heat production. The remaining geothermal heat is presumed to 

function as heat source for a heat pump. 

Table 2 Investment costs and operation costs per unit capacity of the technology in Northern 

Europe. 

Geothermal heat type and size CAPEX (M€/MW) OPEX (€/MWh) 

9.4 MW geothermal heat / reservoir depth 1200 m 

2.0 MW thermal heat / Compression heat pump 

2.71 5.7 

12.2 MW geothermal heat / reservoir depth 2000 m 

1.0 MW thermal heat / Compression heat pump 

2.88 4.6 

9.4 MW geothermal heat / reservoir depth 1200 m 

13.4 MW thermal heat / Absorption heat pump 

1.26 2.1 

12.2 MW geothermal heat / reservoir depth 2000 m 

5.5 MW thermal heat / Absorption heat pump 

2.09 3.0 

9.4 MW geothermal heat / reservoir depth 1200 m 

1.5 MW thermal heat / Electrical heat pump 

2.70 5.5 

   

12.2 MW geothermal heat / reservoir depth 2000 m 

0.5 MW thermal heat / Electrical heat pump 

2.88 4.3 

SOUTHERN EUROPE 

Table 3 Investment costs and operation costs per unit capacity of the technology in Sothern 

Europe. 

Geothermal heat type and size CAPEX 

(M€/MW) 

OPEX (€/MWh) 

15 MW geothermal heat/ reservoir depth 1500 m 2.2  

1.4 REGULATION CAPACITY AND VELOCITY 

The geothermal flow should, as a rule, be operated continuously. However, in combination 

with electrical heat pumps, up- and down-regulating services can be provided. Up-regulation 

by turning off heat pumps (reducing the electricity consumption) and down-regulation by 

increasing the power consumption (and hence output) of the heat pumps. In this case, the 
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operation can be varied 20-100 %1. The flexibility can also be obtained by applying a heat 

storage. This is, however, only relevant to a limited extent, since the geothermal production is 

primarily base load and, in general, will be operated as such. 

The requirements to join the spot or regulation electricity markets vary from country to country, 

therefore heat pumps will not satisfy all of them and run on equal conditions in different 

locations. 

The technical limitations for regulation of geothermal heat speed and turndown ratios are 

summarised in Table 4. 

Table 4:  Regulation ability of the geothermal heat plants (Danish Energy Agency 2020). 

Geothermal heat 

type and size 

Regulation 

speed (% per 

minute) 

Turndown 

ratio 

(Minimum 

of % of full 

load) 

Warm start-

up (hours) 

Cold star-up 

(hours) 

All types (*) 20 - 2 

 

(*) A geothermal plant is intended for continuous operation. Electric heat pumps may 

provide some of regulation though, e.g. in connection with a heat storage 

1.5 TEMPERATURES AND CAPACITIES 

 INPUT HEAT TEMPERATURES 

Heat from brine (saline water) from underground reservoirs at 30-70°C (or higher, depending 

on the local conditions – underground temperatures rise with 25-30°C pr. km depth in Central 

and Northern Europe). 

Electricity for submersible and reinjection pumps. 

When using the geothermal heat as heat source for a heat pump: Electricity or thermal energy 

is needed in heat pumps. 

 OUTPUT HEAT TEMPERATURES  

Heat for DH at e.g. 70-80°C (temperature range proven to be feasible in a Danish context). 

 

 

1 20 % is an absolute minimum load for a geothermal well and the production should not be lower than 

≈33 % to avoid clogging and other side effects of limiting the flow of a geothermal well. 
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 TYPICAL CAPACITIES  

5-20 MW per plant (1-3 production wells and 2-6 injection wells) without heat storage. 

1.6 SUPPLIERS 

The geothermal heat plant manufacturers and suppliers popular in different part of the world 

are described below. 

NORTHERN EUROPE 

The geothermal heat plant producers common in the Danish market are 

• Innargi A/S 

• Ross Engineering 

• GeoOp 

• WellPerform ApS 

• PRO-INVEST SOLUTIONS Sp.zo.o 

1.7 DEMO EXAMPLES 

This section present examples for the installed and running systems with the geothermal heat 

in varying environmental conditions collected from experience in different the part of the world.  
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NORTHERN EUROPE 

 THISTED 

 

Figure 2: The latest injection well in Thisted (Nordyjske).  

The geothermal energy plant in the Danish town of Thisted was commissioned in 1984 as the 

first in Denmark. 

Prior to the commissioning of the plant, an exploration well was drilled in 1981 to a depth of 

approximately 3 km, showing that the permeability at this depth was too low. Instead, the well 

was completed for production from the Gassum Formation in approximately 1.25 km depth, 

where the permeability is sufficient. Another well was drilled in 1983, and a demonstration plant 

with an electrically driven compression heat pump was constructed in 1984. In 1988, the 

electrically driven heat pump was exchanged for a heat driven absorption heat pump due to 

changes to the taxation of electricity. A supplementary injection well was commissioned in 

2018. Today the plant is operating with one production and two injection wells. 

In 2000, the plant was expanded with another absorption heat pump after running very well 

since commissioning in 1984. The plant can produce heat equal to the annual heat 

consumption of roughly 2,000 regular households corresponding to approximately 36,000 

MWh. 

From the 1.25 km deep production well, up to 200 m3 per hour is pumped. The water is after 

filtering send through the absorption heat pumps, filtered once more before being pumped 
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back into the reservoir through the injection well. Both wells are vertical, and the horizontal 

distance between the wells is about 1.5 km. 

The geothermal heat plant delivers 14% of the total heat demand in the district heating system. 

Table 5 Key parameters of the geothermal plant in Thisted. 

Plant data 

Geothermal flow 200 m³/h 

Extraction temperature 43°C 

Injection temperature 11°C 

Thermal power 7.7 MWth 

 

SOUTHERN EUROPE 

 FERRARA GEOTHERMAL PLANT – HERA 

 

Figure 3: Geothermal plant in Ferrara. 

DH network in Ferrara is managed by "HERA" which delivers 599 GWht of heat through the 

distribution network and sells electricity for 54 GWhe per year. The main heat generation 

system is fed with the following power plants: 

• Geothermal well [14 MWt], 

• Waste-to-energy plant [29 MWt], 

• Natural gas power plants (integration and reserve) [84 MWt]. 

The geothermal plant has the following characteristics: 



INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON  

DISTRICT HEATING AND COOLING 

 

 
IEA DHC ANNEX TS5 RES IN DHC 12    

 

• Nominal thermal power: 14 MWt, 

• Total flow rate: 400 mc / h, 

• Energy produced: approx. 75 000 MWht / year, 

• + 2 Storage tanks: approx. 1 000 cubic meters each. 

The geothermal fluid consists of hot water with a strong saline content with a temperature 

about 100 °C. The hot fluid is withdrawn and brought to the surface from a depth of about 

1,500 m through 2 withdrawal wells with a flow rate of 400 mc / h.  

After the fluid has transferred thermal energy to the DH network, the fluid is re-injected into the 

subsoil to ensure geotechnical stability. The reinjection temperature could reach a minimum 

around 30 °C. 

 

Figure 5: Geothermal operational scheme 
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SYMBOLS, ABBREVIATIONS, INDIZES 

ABBREVIATIONS 

Abbreviation Meaning 

DH District Heating 
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DEFINITIONS 

The following table includes terms that are uncommon and require a definition for precise 

understanding.  

Term Definition 

Geothermal brine Hot, concentrated, saline solution that has circulated through 

crustal rocks in an area of anomalously high heat flow and 

become enriched in substances leached from those rocks 
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