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Figure 1. Climate gas emissions 1990 2017 [5, 6, 7, 8] and targets for 2020, 2030
and 2050 [9, 10, 11, 12, 13] in the Nordic countries







Figure 2. Flexibility options and sector coupling in the district heating – electricity
interface



Figure 3. Comparing the district heating sector's position and the key
characteristics related to flexibility in the Nordic energy system 2017 [22, 26, 27,

28, 36, 37]
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Figure 4. Delivered district heat in the Nordic countries 1983 2017 [22, 23, 24, 25]



Figure 5. The share of energy consumption for heating in Nordic households 2017
[22, 53, 54, 55]



Why district heating?





Table 1. Arguments for and against district heating [68, 69, 70, 71, 72]

Why district
heating?

Supply side Consumer side For society

Why not? Supply side Consumer side For society



The Nordic fuel taxation schemes



Table 1. Taxes (in €/MWh) for different fuels and different technologies for
district heating plants in the Nordic countries (2019) [73, 74, 75, 76]







Figure 6. Fuel distribution in Nordic district heating generation 2017 [22, 27, 28,
29]



Fossil fuels



Figure 7. The distribution of fossil fuels in district heat generation in the Nordic
countries 2017[22, 27, 28, 29]

Figure 8. Fossil energy input for district heating generation in the Nordic
countries 2010 2017 [22, 27, 28, 29]



Waste to energy and biomass

Solar heating



Figure 9. Solar heating generation in Danish district heating 1994 2017



Hydrogen



District cooling



Figure 10. Delivered district cooling in the Nordic countries 2011, 2013 and 2015
[26]

4th and 5th generation district heating





Figure 11. The development of district heating in a timeline and the main
characteristics of the five generations of district heating



Figure 12. Hourly variation in consumption, production, export and spot prices in
week 10 March 2019 in West Denmark [114]

Power to district heat



Figure 13. Electricity consumption in electric boilers and the electricity spot price
in West Denmark in week 10 2019 [114]

CHP



Figure 14. Electricity production in CHP plants in Denmark, Finland and Sweden
2004 2017 [22, 23, 29]

Heat storage







Figure 15. A natural monopoly’s market adaptation, optimal solution and possible
regulation







Table 2. Market failure and current policy measures to correct for market failure
in Nordic district heating

Figure 16. An illustration of a second best problem with a natural monopoly that
also pollutes





Figure 17. Flexibility options and sector coupling for the electricity market





Figure 18. Flexible electricity demand illustrated with examples of 24 hours load
curves



Figure 19. The merit order curve and how flexible demand may affect the power
price





Figure 20. The three time dimensions of energy system flexibility and examples of
flexibility options in the district heating – electricity interface



Figure 21. The relation between the marginal costs of heat production and the
electricity price in terms of deployed technologies in district heat generation [49]

Power to district heat
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Figure 22. Annual energy demand curve and typical technologies for baseload,
mid load and peak load













Figure 23. Examples of energy system models, which sectors or parts of the value
chain they can cover, and for which disciplines they can be used
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