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Country/countries Inhabitants Percentage of 

World’s population

Inhabitants per km²

Denmark 5.7 M 0.08% 133

EU - 28 European 

countries

510 M 7.0% 118

China 1379 M 18.8% 142



Solar heating plant - principle

Forbrugere
Solfangerfelt Consumers

District heating 

boiler plant

Solar collector field

Heat exchanger



Jæ gerspris 13405 m² 

Ulsted 5012 m² 

Dronninglund 37573 m² 

Marstal 33365 m² 

Solar heating plants



Vojens 70000 m² 



Europe end of 2015: 
235 solar heating plants > 500 m². 79 in Denmark, 34%
1,063,791 m² in operation. 823,838 m² in Denmark, 77%!



Solar heating plants in Denmark



Europe - latitude: 35°- 60°



1100 kWh/m² year

1050 kWh/m² year

1000 kWh/m² year

Denmark - latitude 55°- 57°Solar radiation on horizontal



China - latitude: 20°- 50°



Flat plate solar collectors from Arcon-Sunmark A/S

Collectors with foil between absorber and glass

Collectors without foil between absorber and glass



Solar collector for solar heating plants

• Cover Numbers 2

Material Glass & foil

Thickness 4 & 0.025 mm

• Absorber Type                         Sunstrip Niox

Material Copper/Aluminium

Surface                    Selective nickel, absorptance: 0.95, emittance: 0.12                              

Channel system         16 parallel channels

Cross section area 60 mm² 

Strip thickness 0.5 mm

Mass of fluid              8.5 kg

• Collector box Material Aluminium

Outer

dimensions               2.27 x 5.96 x 0.14 m

• Insulation Material Glass wool

Back side insulation 75 mm

Edge insulation 30 mm

• Collector area 12.53 m²

Arcon-Sunmark A/S’s HT collector

Design 2002

Design changes 2002 - 2007:

• Insulation material: Rockwool industribatts 80 instead of Isover glass wool

• Absorber: Absorptance still 0.95. Emittance reduced from 0.12 to 0.06

• Glass: AFG Solatex instead of AFG Solite

• Antireflection treated glass: Glass surfaces etched by Sunarc Technology A/S

• Installation of foil improved to decrease thermal bridges

• Improved edge insulation

Improved thermal performance 2002-2007:

• 40°C: 29% - 60°C: 39% - 80°C: 55% - 100°C: 79% 
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Investigations:

• 13 and 15 years old solar collectors from solar heating plants investigated

• Reduction of thermal performance caused by the age of the collectors evaluated

• Status for solar collectors investigated, internal as well as external

• Life time for solar collectors estimated

Life time for solar collectors

Conclusions:

• Reduced thermal performance after about 15 years of operation mainly due to wrong

installation of the foil: 

40°C: About 2%

60°C: About 10%

80°C: About 25%

 Life time of solar collectors: About 30 years

 Most likely: New collectors without foil problems



Measured yearly thermal performances of 40 Danish solar heating

plants for 2012-2015 available from:

www.solvarmedata.dk

www.solarheatdata.eu
Collector area, m² Collector tilt, ° Year of installation

2970-70000 30-45 1996-2015



Year Number of solar 

heating plants

Yearly thermal

performance

kWh/m²

Average yearly

thermal performance

kWh/m²

2012 16 313-484 411

2013 21 389-493 450

2014 31 390-577 463

2015 36 322-518 439

Measured yearly thermal performances of solar collector fields

Year Number of 

solar heating 

plants

Yearly

solar 

radiation

kWh/m²

Average 

yearly solar 

radiation

kWh/m²

Yearly

utilization of 

solar radiation

%

Average yearly

utilization of 

solar radiation

%

2012 16 942-1274 1102 28-45 37

2013 21 1039-1363 1135 31-46 40

2014 31 991-1474 1114 30-51 42

2015 36 876-1325 1101 31-47 40



Thermal performance influenced by:
Design of solar collector field

• Solar collector type

• Age of solar collector

• Design af pipings

• Shadows

• Heat loss from solar collector loop

• Solar collector tilt

• Solar collector orientation

• Solar collector fluid

• Moisture in solar collectors

Operation

• Solar collector fluid temperatures/operation temperatures/solar fraction

• Control strategy inclusive volume flow rate

• Flow distribution in solar collector field

Weather

• Solar radiation – direct and diffuse

• Outdoor temperature

• Wind

• Snow

• Dirt



Control strategy
• Solar irradiance on collectors measured

• Volume flow rate through collector field determined by calculations based on simple 
collector efficiency expression and solar irradiance in such a way that the outlet
temperature from the solar collector field is constant, about 90°C



Calculated yearly thermal performances of solar collector fields



Solar collector efficiencies

Arcon-Sunmark with foil:
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Arcon-Sunmark without foil:
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Arcon-Sunmark with foil

Arcon-Sunmark without
foil



Concentrating tracking solar collectors

Morning

Noon

Evening



Collector efficiency



Aalborg CSP – concentrating tracking:

for direct radiation
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Arcon-Sunmark with foil

Arcon-Sunmark without foil

Horizontal axis tracking CSP



• Gram: 110,000 m3

• Vojens: 200,000 m3

Seasonal heat storage: Water pond - Marstal: 75,000 m3

No insulation against earth! 



Denmark 2050: All fossil fuels phased out - 2035: All heat and electricity from renewables

Wind energy:

2015: 42% of electricity consumption

2020: 50% of increased electricity consumption (incl. transport, heat pumps, …)

Solar heating:

2030: 15% of decreased heating demand

2050: 40% of decreased heating demand - 80% of this by solar heating plants & 20% individual systems

Year Total  district

heating, PJ/year

Solar district

heating, PJ/year

Solar district

heating, %

2011 132 0.29 0.2

2012 136 0.45 0.3

2013 135 0.63 0.5

2014 122 0.90 0.7

2015 122 1.31 1.1

2016 122 2.05 1.7

http://www.altomsolvarme.dk/solvarmecenter/images/fotodatabase/VE1996-02-LOE-XXL.tif


International research projects
• IEA Task 45 Large Systems: Large Solar Heating/Cooling Systems, Seasonal Storage, Heat Pumps, 

homepage: www.iea-shc.org/task45/objectives.htm

• IEA Task 55 Integrating Large SHC Systems into DHC Networks, http://www.iea-shc.org/tasks-current

• SDHtake off - Solar District Heating in Europe, homepage: www.solar-district-heating.eu

A high number of Danish solar heating plants

www.solvarmedata.dk

www.solarheatdata.eu

Solar collector manufacturers

• Arcon-Sunmark A/S, www.arcon.dk/?sc_lang=en

• Aalborg CSP A/S, www.aalborgcsp.com

• Savosolar ApS, http://www.savosolar.fi/dk/kontakt

Pipe manufacturer

• LOGSTOR, www.logstor.com

District heating systems

• Marstal fjernvarme, www.solarmarstal.dk

• Brædstrup Fjernvarme, www.braedstrup-fjernvarme.dk/side1298-cid-1291.html

Consultants

RAMBØLL, www.ramboll.dk

PlanEnergi, www.planenergi.dk

Homepages

http://www.iea-shc.org/task45/objectives.htm
http://www.iea-shc.org/tasks-current
http://www.solar-district-heating.eu/
http://www.solvarmedata.dk/
http://www.aalborgcsp.com/
http://www.savosolar.fi/dk/kontakt
http://www.solarmarstal.dk/
http://www.braedstrup-fjernvarme.dk/side1298-cid-1291.html


 Ambitious Danish energy plan. By 2030 no fossil fuels must be used for heat, by 2035 no fossil fuels must be used for

heat and electricity and by 2050 no fossil fuels must be used

 A lot of district heating. Today 64% of all Danish buildings are heated by district heating

 Low temperature levels in district heating systems. A typical forward temperature to towns is about 80°C and a typical

return temperature from towns is about 40°C

 High taxes for fossil fuels. Typical tax is about 0.035 euro/kWh produced heat, CNY ¥0.27/kWh produced heat

 Decentralized energy supply system

 High share of wind energy for electricity production. In 2015, 42% of the Danish electricity consumption was

produced by wind turbines. By 2020, 50% of the Danish electricity consumption must be produced by wind turbines

 Low costs for marketed solar collector fields installed on the ground, < 200 euro/m², CNY ¥1540/m²

 Relative low ground costs

 High efficiency of marketed solar collectors

 Long life time of marketed solar collectors, about 30 years

 Simple and well proven and reliable technology

 Good cooperation between solar heating plant owners. Regular meetings with experience exchange

 Good thermal performance of existing solar heating plants: About 450 kWh/m²year

 Ongoing efforts to develop solar collectors and solar collector fields

 Ongoing efforts to develop and demonstrate seasonal heat storage and to improve the interplay with the energy

system

Reasons for rapid growth of Danish solar heating plants



Thank you for your attention


