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Disclaimer notice (IEA DHC): 
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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): 
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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. 
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1 Solar thermal combined with storage 

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

of operation of solar thermal combined with long term storage that find an application in the 

district heat supply. The findings are based on the experience from the Danish projects.  

1.1 TECHNOLOGY DESCRIPTION 

1.1.1 GENERAL DESCRIPTION 

Collecting energy from the sun using it to heat water is a technology, which has been in use 

for many years. Today, more than 580 million m2 of solar collectors are installed around the 

globe, with a total installed capacity of 410 GWth. Although most of this capacity is used for 

small domestic hot water systems, the fastest growth rate for solar thermal plants is noticed 

for large systems (mainly for district heating). More information regarding solar district heating 

is available as technical factsheet in IEA DHC ANNEX TS5 – Solar District Heating (Technical 

factsheet F3). 

The heat production from solar collectors is opposite in relation to the consumption in district 

heating networks. Therefore, the solar fields have often been dimensioned for the DH need in 

the summer period as shown in Figure 1. A short-term storage usually balances variations in 

the daily solar radiation.  

Figure 1 Solar field dimensioned to cover the need in the DH network in the summer period. 

The typical application of solar thermal plants for district heating purposes aims at a solar share 

of 10-25 % of the annual heat demand. At 25% the solar plant can fulfil the demand in the DH 

network in the summer period as shown in Figure 1. 
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By adding a long-term storage together with a larger solar field, it is possible to increase the 

proportion of solar energy output resulting in fuel cost savings and carbon footprint reduction. 

More information regarding Thermal Storages is available as technical factsheet in IEA DHC 

ANNEX TS5 – Thermal storages (Technical factsheet F1). 

A number of district heating plants in Denmark have increased the solar share of the annual 

heat demand to more than 40% establishing a pit thermal energy storage. 

Examples1 of plants are:  

• Dronninglund, Denmark: Solar panel field of 37,573 m² (26.3 MWth), combined with a 

seasonal pit heat storage, filled with 60,000 m³ of water. The pit storage is used to store 

the heat produced in the summer, to be utilised during the winter. The solar plant yields 

16,000 MWh per year and provides 40 % of the heat for the local district heating 

network with its 1,350 customers. Other heat sources are a natural gas fired engine 

and a boiler with an absorption heat pump, cooling the storage. The solar district 

heating (SDH) plant was commissioned in 2014 (refer to project description in factsheet 

IEA DHC ANNEX TS5 – Solar District Heating. 

• Vojens, Denmark: The experiences made with the 17,000 m² large collector field since 

2012 convinced Vojens Fjernvarme to plan adding another 52,500 m² (36.75 MWth) to 

the field as well as seasonal storage of 210,000 m3 of water, which should increase the 

annual solar share from the 14 % measured in 2014 to expected 45 %. The expansion 

was commissioned in May 2015. 

Besides increasing the solar share, the storage creates the possibility to connect other heat 

sources to the district heating network. Heat pumps can cool the return temperature from the 

DH network before entering the storage. The efficiency of the solar field will increase if the inlet 

temperature is lowered. Furthermore, heat pumps can prolong the season for the storage by 

using temperatures that are lower than the flow temperature in the DH network. 

1.1.2 CASE STUDY: NEXOE – SOLAR-BASED DISTRICT HEATING 

The heating sector on the island Bornholm has strictly established goals to reduce fossil fuel 

use which was consolidated with a dedicated heat plan for the island. This heat plan estimated 

that biomass and solar based district heating would be feasible in a number of towns. 

Therefore, the heating utilities are expanding their business in these towns and examine areas 

for the most feasible supply systems.  

 

 

1 www.solarthermalworld.org 
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In the case study three cities are planned to be included in an existing DH network, supplying 

currently cities Nexoe, Balka and Snogebaek. The heating plant based in Nexoe is driven by 

a straw-fired boiler and an oil boiler used for peak load and as a backup generator. The three 

cities to be included by the extension of the DH network are Svaneke, Aarsdale and Listed 

which are located in the south-eastern part of Bornholm as shown in Figure 2. 

 

Figure 2 Existing DH network marked with red - the planned extension with blue. (Source: 

krak.dk) 
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The study has been prepared as part of the SDHplus (Solar District Heating plus) project2, 

which is a European co-operation project supported by the EU Intelligent Energy Europe 

program. It shows an integration of the solar thermal plant, seasonal thermal storage and an 

absorption heat pump into a district heating network as an alternative for a fossil fuel-based 

heat production. The technology allows for central heating and domestic hot water supply for 

individual housing and commercial customers primary based on renewable energy sources, 

only supplemented by biomass boiler production in the winter demand peaks. 

The study took place in 2013, so the values are not valid today, but the relationship between 

the different scenarios should not change significantly. 

In Table 1 and 2 the temperatures and heat demand in the DH network are shown. 

Table 1:  Temperature level in the DH network 

Temperature level Summer Winter  

Flow temperature 76 78 / 79 

Return temperature 45 / 45 40 / 41 

 

Table 2:  Heat demand in the DH network 

Heat demand  MWh / year  

Existing network  46,291 

Extended network  14,133 

Total after extension  60,423 

 

Figure 3 shows a principal diagram of the solar-based district heating system analysed in 

Nexoe, which is used in the simulation program TRNSYS for the optimization of the system. 

 

 

 

2 www.solar-district-heating.eu 
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Figure 3 Principle diagram of the energy system. 

 

As a reference towards the thermal solar and long-term storage, the heat demand for the 

extension is suppled increasing the straw fired boiler capacity. 

In table 3 the indexed costs with different solar shares of the heat demand are shown. Potential 

sale of land after 25 years is not included in the costs. 

Table 3  Comparison of different scenarios (lifetime 25 year) 

Scenario Solar share Index / MWh 

Reference 0 100 

28 500 m² solar panels 

21 500 m³ storage 

24% 96.2 

50 000 m² solar panels 

39 500 m³ storage 

37% 95.8 

60 000 m² solar panels 

53 500 m³ storage 

42% 97.0 

70 000 m² solar panels 

75 500 m³ storage 

48% 98.7 

170 000 m² solar panels 

291 250 m³ storage 

83% 108.1 
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In the different scenarios, the economy of a solar heating system combined with a long-term 

heat storage and a hot water boiler that operates an absorption heat pump has been 

calculated. The results show that such a solution can compete with alternative biomass fuels 

and thus will be a favourable solution to cover part of the future supply in Nexø, Balka, 

Snogebæk, Listed, Svaneke and Aarsdale. For the expansion, which corresponds to the last 

three cities, the calculations indicate that the annual heat demand can be covered 100% by 

solar heat in a profitable way. In addition, it may be favourable to further increase total solar 

heating coverage in the district heating network by increasing the size of the solar heating 

system. 

1.2 TRL 

Solar thermal systems and heat pumps are generally well-known technologies that have been 

widely used for domestic hot water system and district heating in Denmark. 

Thermal energy storage in larger scale has gradually become a well-proven technology. 

Furthermore, the involved components have been widely used for other applications. The 

potential for connecting to larger DH network with several heat sources has increased for 

enabling robustness and flexibility of district heating systems. 

1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT 

1.3.1 SOLAR THERMAL  

The investment costs (CAPEX) and maintenance costs (OPEX) for the solar thermal depends 

on the type of solar collectors, transmission lines, storage, and the local pricing and 

environmental conditions.3  

The investment costs for solar thermal systems consist of the following elements:  

• Solar collectors 

• 50 m transmission pipeline incl. installation to the district heating plant 

• Tank and collection tank for heat-transfer media (e.g., glycol/water) 

• Heat exchangers, pumps, valves etc.  

• Control and electricity work– integration with existing plant 

 

 

3 see also report in Solar District Heating 2014 
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• Design and project management, start-up regulation and documentation 

The CAPEX does not include land cost/rent. Due to cast of shadows, distance must be kept 

between rows, resulting in space requirements of approximately 3 m2 for each m2 solar 

collector under Danish conditions. 

The operational lifetime is more than 30 years. 

Table 4:  CAPEX and OPEX for solar district heating (2020 prices) (Danish Energy Agency 

2020) in northern Europe 

 CAPEX 

(€/MWhoutput/year) 

Variable OPEX 

(€/MWhoutput) 

Solar collector system  395 0.21 

 

1.3.2 LONG-TERM STORAGE  

The investment costs (CAPEX) and maintenance costs (OPEX) for the thermal energy storage 

depends on the type of storage concepts, transmission lines and the local conditions (please 

refer to report for IEA DHC Annex XII Integrated Cost-effective Large-scale Thermal Energy 

Storage for Smart District Heating and Cooling.4  

The investment costs for solar thermal system consist of the following elements:  

• Geological investigations and study 

• Excavation / well drilling 

• Lid and liners for PTES 

• Transmission pipeline incl. installation 

• Heat exchangers, pumps, valves etc.  

• Control and electricity work – integration with existing plant 

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

The operational lifetime of more than 20 years. 

 

 

4 see also report in IEA-DHC Annex XII, Task C 2020 
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Table 5:  CAPEX and OPEX for long-term storage (2020 prices) in northern Europe 

 CAPEX (€/m³) OPEX 

(€/MWhoutput) 

Long-term storage > 50 000 m³ 20 - 40 3 

 

1.3.3 ABSORPTION HEAT PUMP 

The investment costs (CAPEX) and maintenance costs (OPEX) for the heat pumps depends 

on the type of heat pump, capacity and heat source used for the plant.   

The investment costs for heat pumps consist of the following elements:  

• Heat pump  

• Heat source (air coolers, connection to industrial excess heat etc.)  

• Connection to existing DH network  

• Building for heat pump  

• Advisors  

The following cost examples are based on plants with at least 6,000 annual operating hours 

and an operational lifetime of more than 15 years.  

 

Table 6:  CAPEX and OPEX for large scale absorption heat pumps (2020 prices) in northern 

Europe 

 CAPEX (M€/MW) OPEX (€/MWh) 

Large single effect absorption heat pump 0.56 0.28 
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SYMBOLS, ABBREVIATIONS, INDIZES 

ABBREVIATIONS 

Abbreviation Meaning 

DH District Heating 

SDH Solar District Heating 
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