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The progRESsHEAT project 

 

The project progRESsHEAT aims at assisting policy makers at the local, regional, national and 
EU-level in developing integrated, effective and efficient policy strategies achieving a fast and 
strong penetration of renewable and efficient heating and cooling systems. Together with 6 local 
authorities in 6 target countries across Europe (AT, DE, CZ, DK, PT, RO) heating and cooling 
strategies will be developed through a profound analysis of (1) heating and cooling demands and 
future developments, (2) long-term potentials of renewable energies and waste heat in the 
regions, (3) barriers & drivers and (4) a model based assessment of policy intervention in 
scenarios up to 2050. progRESsHEAT will assist national policy makers in implementing the right 
policies with a model-based quantitative impact assessment of local, regional and national 
policies up to 2050.  

Policy makers and other stakeholders will be strongly involved in the process, learn from the 
experience in other regions and gain deep understanding of the impact of policy instruments and 
their specific design. They are involved in the project via policy group meetings, workshops, 
interviews and webinars targeted to the fields of assistance in policy development, capacity 
building and dissemination.  
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1. Introduction 
One of the main properties of the future energy systems will be to deliver space heating and 
domestic hot water to residential, commercial and industrial sectors and electricity to all sectors of 
the energy system. Six national TIMES models have been developed within the course of 
progRESsHEAT project to perform analysis of power and district heating sectors of the future 
national energy systems.  
The present report presents modelling results, i.e. the primal development of the national energy 
system under given assumptions. The main purpose of this report is to show that the models 
respond in the proper way to changes in inputs. Except from the technical constraints, such as 
maximum production of generating units, maximum exports and imports of electricity from 
neighbouring countries, renewable energy potentials and similar, the models are not constrained 
with governmental targets and regulations. In other words, the results from the models don't 
contain policies and the results are therefore not intended as inputs to policy recommendations.  
The report is structured as follows: Introduction is provided is Section 1, while methodology is 
presented in Section 2. Scenarios are described in Section 3 and the results of the scenarios in 
Section 4. Section 6 is reserved for conclusions.  

 

2. Methodology  
The national TIMES models utilised in the progRESsHEAT project are simplified versions of the 
TIMES-DK model created by the Technical University of Denmark (DTU), Danish energy Agency 
(DEA) and E4SMA. The models include power, district heating and cooling sectors, while other 
sectors, such as transport and industry sectors are represented only in terms of their electricity 
and DH/DC demands. WP 2.3 report "Documentation of energy demand for heating and cooling 
in buildings and industry sectors, district heating diffusion and renewable energy potentials" 
describes the modelling framework for analysis of future national energy systems.  

TIMES models are linear programming models, which minimize an objective, i.e. TIMES models 
optimize the investments, operation, primary energy supply and imports/exports across all 
implemented regions and for all time periods in an energy system. In TIMES models demands for 
energy services are usually defined exogenously. This is also the case within progRESsHEAT 
project.  

Detailed sectoral models, namely INVERT/EE-Lab [1] and FORECAST [2] are used to calculate 
the demands for energy services, which are later used in TIMES models. INVERT/EE-Lab is a 
dynamic bottom-up model which is designed to simulate scenarios and thereby compute future 
trends of the energy demand for space heating, cooling and hot water in the residential and 
services sector at a national and regional level. It is developed and maintained by the Energy 
Economics Group at Vienna University of Technology (TU Wien). INVERT/EE-Lab is used to for 
calculating energy demand for space heating, cooling and hot water in the residential and 
services sector, which is fed into national TIMES models. The model takes into account possible 
energy savings as well as possible district heating expansion. The FORecasting Energy 
Consumption Analysis and Simulation Tool (FORECAST) operated by Fraunhofer Institute for 
Systems and Innovation Research (ISI) is used to provide projections of the district heating 
demands in the industrial sector.  
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Since one of the inputs into INVERT/EE-Lab are the CO2 intensities of electricity and district heat, 
several iterations are performed between TIMES models and INVERT/EE-Lab in the following 
steps: 

1. INVERT/EE-Lab calculates demand for electricity and district heating and sends it to a TIMES 
model 

2. TIMES model calculates the cost-optimal way to supply this demand and resulting CO2 
intensities 

3. Calculated CO2 intensities are sent back to  INVERT/EE-Lab model and the calculation of 
electricity and district heating demands is done again 

 

The "looping process" is performed until both CO2 intensities and demands for electricity and 
district heating converge between the two models. This kind of iteration procedure is not 
performed between TIMES models and FORECAST model because CO2 intensities are not 
considered important for industrial consumption of electricity and district heating.  

Even though the results from the models are not intended for policy analysis, there are several 
constraints imposed on the models, which cannot be described as purely technical: 

• Renewable energy potentials are not considered to be unlimited. They are constrained 
based on the values in Green-X database [3].  

• Export and import of electricity to/from one of the neighbouring countries is not 
constrained by the technical capacity but by the maximal achieved value in the past five 
years [4]. 

• The maximum capacity of nuclear power plants is constrained to the value from 2012. In 
other words, the model can only replace the decommissioned capacity. This is to 
constrain the models from basing the future low-emission energy system mainly on 
nuclear power.  
 
 

3. Scenarios 
In order to show the functionality of national TIMES models, simple socio economic analyses - 
excluding taxes and subsidies - are performed with the national models analysing two scenarios: 

• Base scenario 
• CO2 scenario 

There are only two differences between these scenarios – the CO2 price ( as presented in Figure 
1) and the demand of residential and commercial sectors for electricity and district heating. The 
difference in the demands for electricity and district heating is a consequence of iterations 
between INVERT/EE-Lab and TIMES models. The CO2 price in Base scenario is constructed by 
keeping the development of CO2 pieces from PRIMES Reference scenario constant from 2015 to 
2050 [5]. The CO2 price in the CO2 scenario is the CO2 price from the PRIMES Reference 
scenario [5]. 
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Figure 1.  CO2 prices 

Four sensitivity analyses are made to check the sensitivity to changes in fossil fuel prices and 
investment costs of renewable energy technologies: 

• Fixed RE: Current level of investment costs in renewable energy technologies remains 
the same during entire analysed period, i.e. there is no decrease in investment costs  

• Low RE: 50% further decrease in investment costs compared to Base scenario 
• High FF: 50% increase in fossil fuel prices compared to Base scenario 
• LowFF: 50% decrease in fossil fuel prices compared to Base scenario 

The sensitivity analyses have been made with the same demands and the same CO2 prices as in 
the Base scenario.  

 

4. Results 
For Base and CO2 scenario, the present section contains the following results:  

• CO2 emissions from power and district heating sector 
• District heating production 
• Resource consumption for production of electricity and district heat 
• Power production 
• Power export and  
• Power import. In all scenarios, power import is considered as emission-free, i.e. there is no 

CO2 emissions associated with this import of electricity.  
 

For the sensitivity analyses, the present section contains the CO2 emissions from power and 
district heating sector.  
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The analyses of Base, CO2 scenarios and sensitivity scenarios are made for the period between 
2012 and 2050. In order to make the figures easier to read, the results are reported for years 
2020, 2030 and 2050. The results of the analysed scenarios are presented in the subsections 
4.1-4.6 for Austria, Romania, Portugal, Germany, Czech Republic and Denmark, respectively.  

 

4.1 Austria 
CO2 emissions from power and district heating heat sector in Austria are presented in Figure 2. It 
can be observed that the CO2 emissions decrease drastically in the Base scenario and even more 
in the CO2 scenario with the high CO2 price. The decrease in the Base scenario is due to the 
assumed increases in fossil fuel prices and improved efficiencies of renewable technologies as 
well as energy savings. The objective function (total system costs discounted to the base year) is 
1.6% higher in the CO2 scenario. 

 

Figure 2.  CO2 emissions from power and district heating sector 
 

Figure 3 shows the district heating production by technology type and geography for 2020, 2030 
and 2050. CHP, HPL, HETC and HETD denote CHPs, heat-only plants, central and decentral 
district heat, respectively. Heat-only plants mostly include classic boilers and large-scale heat 
pumps. Central district heat is supplying larger district heating areas, with more consumers, 
higher installed capacities and smaller losses. On the other hand, decentral district heat is 
supplying smaller district heating areas, characterized by less consumers, smaller installed 
capacities and smaller efficiencies of transmission and distribution losses.   
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It can be seen that in both scenarios district heating is expanded in decentral areas, and the 
production is mainly covered by heat pumps with the highest share in the CO2 scenario in the 
central areas. This is due to the lower electricity prices found in this scenario and the decreased 
production from CHP in the central area.  

 

Figure 3. District heat production by technology type and geography 

In Figure 4 the power production is shown by technology type. Symbols "PP_WON", "PP_HYD", 
"PP_GEO", "ELE-THERMAL", "ELE-SOL" and "CHP" denote onshore wind, hydro power plants, 
geothermal, thermal generators, photovoltaics and CHPs, respectively. Even though there are no 
nuclear power plants in Austria, "ELE-THERMAL" generally includes nuclear power plants. It can 
be seen that in both scenarios the demand increases due to increased electricity demand for the 
residential, commercial, district heating and industrial sectors. In 2020 the demand is mainly 
covered by hydropower, but in 2050 onshore wind and photovoltaics also play substantial roles. 
The main difference between the scenarios is a slightly lower in thermal power production 
demand in the CO2 scenario and a decrease. This is happening due to reduced export and 
increased import, i.e. the model calculates that it is more cost-effective to import electricity than to 
produce it in the most expensive units.  

The resource consumption in the power and district heat sector is shown in Figure 5. In both 
scenarios, hydro power stays dominant while coal is diminished and wind and solar power comes 
in strongly by 2050. The main difference in the scenarios is the constantly lower consumption in 
general in the CO2 scenario due to higher net electricity imports as reflected in Figures 6 and 7. 
The overall lower consumption is mainly reflected in a lower demand for coal in all years. 
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Figure 4. Power production 

 

Figure 5. Resource consumption in the power and district heating sector 
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Figure 6. Annual electricity exports 

 

Figure 7. Annual electricity imports 
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4.1.1 Sensitivity analysis 
CO2 emissions from power and district heating sector in Austria are presented in Figure 8. The 
main sensitivity relates to changes in fossil fuel prices with high fossil fuel prices resulting in an 
even steeper decrease in CO2 emissions than the CO2 scenario. The low fossil fuel prices result 
in 2½ time higher emissions than in 2020 in the Base scenario. In this scenario a significant 
increase in the net export is also found compared to the other sensitivity analyses and it becomes 
feasible to export a substantial amount to Germany in 2050 leading to the increase in emissions 
there. The results are less sensitive to the investment costs of renewable energy technologies 
with the Fixed RE providing similar results to the Base scenario and only slightly lower emissions 
of the Low RE. 

 

Figure 8. CO2 emissions from power and district heating sector 

 

4.2 Romania 
In Romania, CO2 emissions are decreased drastically by 2050 in both scenarios, with only a 
minor difference between the scenarios as seen in Figure 9. Again, the CO2 price is only a minor 
driver compared to assumed reduction in district heating demand, energy technology 
improvements and increased fossil fuel prices. The objective function (total system costs 
discounted to the base year) is 9.7% higher in the CO2 scenario. 
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Figure 9.  CO2 emissions from power and district heating sector 

When comparing the district heat production by technology type and geography in Figure 10, it 
can be seen, that the demand for district heating in general decreases in both central and 
decentral areas over the years and that CHP plants mainly fulfil the demand, apart from in 2050 
in the CO2 scenario. Here the demands in both areas are at the lowest and heat pumps are the 
main producers due to higher fuel costs compared to low electricity prices. It can be observed in 
Figure 11 that electricity is mainly produced from offshore wind.  

Figure 11 shows that the power production in both scenarios is initially dominated by thermal 
power production while onshore wind is the main producer by 2050. In the CO2 scenario there are 
less condensing plants and more wind power and CHP in 2030 compared to the Base scenario. 
In 2050 the CO2 scenario contains even more wind power and less thermal power than the Base 
scenario. This can be explained by the low fuel efficiency of condensing power plants and the 
higher cost of using fossil fuels in the CO2 scenario. It should be noted that "ELE-THERMAL" set 
includes nuclear power plants. 
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Figure 10. District heat production by technology type and geography 

 

Figure 11. Power production 
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Resource consumption is shown in Figure 12.  We see a slightly lower resource consumption in 
the CO2 scenario in all years due to more pronounced switching towards wind in the CO2 
scenario. In all national TIMES models developed within progRESsHEAT project wind turbines 
are modelled as technologies with efficiency of 1. Therefore, the values presented in Figure 12 
also represent electrical energy produced by wind turbines. The trend of switching from coal and 
diesel to natural gas (in the transition period), wind and hydro is present in both scenarios.  

No electricity import is found and no changes are seen in the export of electricity. The annual 
electricity exports are presented in Figure 13. Entire available export capacity is utilised in all 
milestone years and all the scenarios. Import of electricity is not utilised and is therefore not 
presented. The reason for high exports and no imports is that endogenously calculated electricity 
price in Romania is lower than the assumed price profiles in the neighbouring countries. This is a 
drawback of modelling neighbouring countries as price profiles – the model (TIMES is a full 
foresight model) determines investments taking into account future increase in prices in 
neighbouring countries, i.e. the domestic capacities are built in order to earn from exports. One of 
the ways to bring this issue closer to reality is to limit transmission capacities. This is done in all 
national TIMES models in progRESsHEAT project – they are constrained to the maximum 
observed value during year 2015.  

 

Figure 12. Resource  consumption in the power and district heating sector 
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 Figure 13. Annual electricity exports 

4.2.1 Sensitivity analysis 
CO2 emissions from Romanian power and district heating sector under different assumptions 
regarding the investment costs of renewable energy technologies and costs of fossil fuels and are 
presented in Figure 14. It can be concluded that the model is sensitive to change in fossil fuel 
prices – increased fossil fuel prices lead to the faster decarbonisation (compared to the Base 
scenario) and the energy system dominated by wind. On the other hand, decreased fossil fuel 
prices lead to the energy system dominated by natural gas. The investment costs of renewable 
energy technologies do not have a big influence on the CO2 emissions. Power production from 
nuclear power decreases in all scenarios.  
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Figure 14.  CO2 emissions 

 

4.3 Portugal  
In Portugal we also find a steep decrease in CO2 emissions from power and district heating 
sector in both scenarios, with the highest is found in the CO2 scenario in 2050 (see Figure 15). 
The objective function (total system costs discounted to the base year) is 4.8% higher in the CO2 
scenario as the power and heat system in Portugal is heading towards a dominantly renewable 
energy based system in both scenarios. 

The district heating production by technology and the level is similar between the two scenarios 
as seen in Figure 16. There is a low consumption in the central areas, which decreases and a 
high, slightly increasing demand in decentral areas, mainly covering district heating demand in 
the residential and commercial sectors. Central areas are mainly covered by CHPs while heat 
pumps in general dominate in the decentral areas. 
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Figure 15.  CO2 emissions from power and district heating sector 

 

Figure 16. District heat production by technology type and geography 
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The power production is also similar between the scenarios, illustrating that the CO2 price isn't the 
main driver, with fossil fuel prices and efficiency improvements being the dominating drivers for 
the change. As seen in Figure 17, wind power is dominating - starting with high shares of offshore 
wind in 2020 and onshore wind increasing to the same level by 2050. The potential reason for 
utilisation of offshore wind before the onshore potential could be in the overly optimistic 
assumptions regarding the availability factors of offshore wind turbines in Portugal. Overall, 
thermal power production decreases, with a steep decrease in condensing power and a slight 
increase in CHP. 

 

Figure 17. Power production 

The small differences between the scenarios is also reflected in the overall resource consumption 
for power and district heat, which ends up with high shares of wind and concentrated solar power 
backed up by a small amount of hydro power as shown in Figure 18. The export of electricity 
stays the same in both scenarios (see Figure 19) while the import of electricity increases slightly 
over the years with the highest import seen in the CO2 scenario (see Figure 20). This is due to 
the assumption that the electricity prices of the neighbouring countries stays constant, while the 
CO2 price increases. In reality, the CO2 price and hence the electricity price of neighbouring 
would likely also increase. 
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Figure 18. Resource consumption in the power and district heating sector 

 

Figure 19. Annual electricity exports 
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Figure 20. Annual electricity imports 

 

4.3.1 Sensitivity analysis 
CO2 emissions from power and district heating sector in Portugal are presented in Figure 21. It 
can be concluded that the model is slightly sensitive to changes in fossil fuel prices and 
investment costs of renewable energy technologies. In all scenarios, the model bases future 
energy supply on renewables, usually wind. The reasons for that are big renewable enrgy 
potentials in Portugal, decreasing costs of renewable energy technology (wind turbines and 
photovoltaics) and increasing costs of fossil fuels.  

In "HighRE", big part of wind-based electricity is displaced by photovoltaics. The highest 
sensitivity out of all scenarios is observed in "LowFF" scenario in which part of renewables is 
replaced by natural gas.    
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Figure 21.  CO2 emissions 

 

4.4 Germany 
CO2 emissions for the German power and district heat system are shown in Figure 22. As with 
the other countries, we see a sharp decline in CO2 emissions in both scenarios due to increased 
fossil fuel prices, reduced demands and increased efficiency of energy technologies. Again, the 
lowest level of emissions is in 2050 in the CO2 scenario. The objective function (total system 
costs discounted to the base year) is 6.8% higher in the CO2 scenario. 

As for the district heating production ilustrated in Figure 23, there is a decreasing demand in the 
central and decentral areas over the years in both scenarios. In the CO2 scenario there is a 
decrease in demand for central district heating and an increase in demand for decentral distrcit 
hetaing, as projected by INVERT/EE-Lab model. In most cases the heat pumps are on a par with 
CHP in decentral areas, whereas central areas are mainly supplied by CHP, apart from in 2050 in 
the CO2 scenario, where heat pumps dominate in the central areas. This is due to the higher cost 
of using coal and the low electricity prices. 
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Figure 22.  CO2 emissions 

 

 

Figure 23. District heat production by technology type and geography 
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The development of power production is also similar as seen in Figure 24. The main power 
source in 2050 in both scenarios is wind, supplemented with solar power and some thermal 
power. As in the previous graphs, thermal power includes nuclear power plants. This is also 
reflected in the resource consumption shown in Figure 25. 

 

Figure 24. Power production 
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Figure 25. Resource  consumption in the power and district heating  sector 

The electricity export and import can be seen in Figure 26 and 27, respectively. While the export 
increases dramatically in both scenarios, the import increases slightly and then remains stable. 
Export capacities in 2050 to some of the neighbouring countries (such as Austria) are fully utilised 
in both scenarios. The reason for that is the difference between endogenous electricity price in 
Germany and projected (exogenous) electricity price in the neighbouring countries. The low 
domestic prices are coherent with high amounts of wind and solar in the system.  
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Figure 26. Annual electricity exports 

 

Figure 27. Annual electricity imports 
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4.4.1 Sensitivity analysis 
CO2 emissions for four sensitivity scenarios are presented in Figure 28. The effect of lower fossil 
fuel prices in Germany only leads to a slight increase of CO2 emissions compared to the Base 
scenario - and already in 2030 the emission level is on a par with the 2020 Base scenario 
emissions. Part of the increased emissions is due to substantially higher net exports particularly 
in 2020 and 2030. The sensitivity to changes in renewable energy technologies is even smaller 
than to changes in fossil fuel prices. 

 

Figure 28.  CO2 emissions 

 

4.5 Czech Republic 
CO2 emissions for the Czech power and district heating system are shown in Figure 29. As with 
the other countries, we see a sharp decline in CO2 emissions in both scenarios due to increased 
fossil fuel prices, reduced demands and increased efficiency of energy technologies. In CO2 
scenario, the decarbonisation of Czech power and district heating sector is especially 
pronounced. The lowest level of emissions in both scenarios is reached in 2050. The objective 
function (total system costs discounted to the base year) is 17.4% higher in the CO2 scenario. 
The leads to the conclusion that high CO2 price doesn’t change the trajectory of the system but 
rather makes the transition faster and more expensive.   
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Figure 29.  CO2 emissions 

The production of district heating is illustrated in Figure 30. The demand for central district 
heating is decreasing, while the demand for decentral district heating is expected to grow slightly 
until 2025 and later decrease to 2012 levels. Similar trend is observed in both scenarios. 
However, the absolute levels of district heating demands are higher in CO2 scenario. District 
heating is mainly produced from CHPs until 2030. In 2020 it was predominantly produced from 
coal while in 2030 it was produced from combination of waste, coal, natural gas and biomass. 
Due to increasing costs of fuels (coal, natural gas, biomass) and relative decreasing of electricity 
prices district heating in 2050 is mainly produced form large-scale heat pumps.  
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Figure 30. District heat production by technology type and geography 

Figure 31 shows electricity production in Base and CO2 scenario. The production is increasing 
due to assumed increase of domestic demand of almost 40% between 2012 and 2050. Even 
though it is high, the export of electricity is constant over the analysed period. The import of 
electricity increases in 2050, but it is small in absolute numbers to be able to significantly 
influence the production.  

In both scenarios, electricity production in 2020 is based on thermal production units, namely 
nuclear and coal power plants. The production from CHPs is mainly based on coal, as well. The 
production from CHPs decreases in both scenarios; in the Base scenario it remains based on 
coal, while in the CO2 scenario it switches to wood. Both scenarios result in increase of 
photovoltaics and wind turbines, the only difference being that it happens sooner in the CO2 
scenario in order to avoid the steep increase of CO2 price from 2035. Since the electricity 
production in 2050 looks similar in both scenarios (dominated by wind, photovoltaics and 
nuclear), it can be said that the CO2 price influences the starting year of the development. On the 
other hand, increase in fossil fuel prices and assumed cost-decrease of renewable energy 
technologies are determining the overall trend.    

Consumption of resources in the power and district heating sector is presented in Figure 32. In 
both scenarios, the system switches away from coal and witches towards wind and solar 
resources. The main difference between scenarios is that the transition to renewables is 
happening faster in CO2 scenario while at the same time utilizing more wood pellets. The use of 
uranium for running power plants is constant in both scenarios.  
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Figure 31. Power production 

 

 Figure 32. Resource consumption in the power and district heating sector 
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Annual electricity exports and imports from/to neighbouring countries in both scenarios are 
presented in Figures 33 and 34, respectively. There are several reasons for high exports 
throughout the analsyed period: 

• Low marginal costs of electricity production from nuclear power throughout the analysed 
period and from wind and PVs towards the end of analysed period 

• Growing domestic demand  
• Growing electricity prices in neighbouring countries 

 
The increased export in 2050 is a result of significant share of uncontrollable generation. In the 
time-slices when wind and PV are not producing, the model bases the supply on import.  

 

Figure 33. Annual electricity exports 
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Figure 34. Annual electricity import 

4.4.1 Sensitivity analysis 
In the Czech Republic, the sensitivity to reduced fossil fuel prices is very low, with only a slight 
increase in emissions in 2020 compared to the Base scenario (see Figure 35). This is due to the 
fact that the main change is seen is an increase in the use of natural gas, which is a low emission 
fuel compared to coal. The sensitivity to changes in investment costs of renewable energy 
technologies is even lower. It would be reasonable to expect that "FixedRE" scenario results in 
lower CO2 emissions that "LowRE scenario". However, this is not the case because the model 
opts for larger use of nuclear power in "FixedRE" scenario.   
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Figure 35.  CO2 emissions 

 

4.6 Denmark 
In Denmark, the CO2 emissions related to power and district heat production including waste 
incineration decreases steeply in the Base scenario (see Figure 36). The only CO2 emissions, 
which remain in the CO2 scenario is from waste in all years with a slight increase due to expected 
increasing amounts of waste related to economic growth. The constraint imposed to the model is 
that all the available combustible waste in Denmark needs to be incinerated. The objective 
function (total system costs discounted to the base year) is only 0.3% higher in the CO2 scenario, 
i.e. the main role of the increased CO2 price is to speed-up the transition. 

 The district heating production is presented in Figure 37. The symbols "CHP", "HBP" and "HPL" 
denote district heating from CHPs, waste heat from bio-refinaries (HBP comes from "Heat as By-
Product") and heat-only plants. The district heating production is similar in both scenarios, with a 
slight increase over the years but with a higher share of heat-only plants (heat pumps in 2020, 
solar and HPs in 2030 and Solar in 2050) in the CO2 scenario. In comparison, there is a higher 
share of CHP (coal in 2020, waste and coal in 2030 and waste in 2050) in the Base scenario. In 
both scenarios, bio-refineries also produce a substantial amount of district heating. 
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Figure 36.  CO2 emissions 

 

Figure 37.  District heat production by technology 
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As seen in Figure 38, the power production is similar in both scenarios with a steep increase in 
demand due to a high rate of electrification. The production ends at the same level but is slightly 
lower in the CO2 scenario in 2020 and 2030 due power imports and exports. In both scenarios the 
system ends up being supplied mainly by wind power supplemented with solar power and limited 
CHPs based on waste. This is also reflected in the resource consumption shown in Figure 39. 
The main difference between the scenarios on resource consumption is the demand for coal in 
2020 and 2030 in the Base scenario. 

 

Figure 38.  Power production 
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Figure 39.  Resource consumption in the power and district heating sector 

 

The power import and export is shown in Figure 40 and 41. Similar trends are found with a high 
increase in the export of power. The import on the other hand decreases in 2050 due to assumed 
stronger increase of electricity prices in Norway and Sweden compared to domestic 
(endogenously calculated) prices. The high export is related to the high shares of fluctuating 
renewable power production and the subsequent excess production in some time slices. A high 
export to Germany is seen, which has reduced bottlenecks within Germany as a prerequisite. The 
main difference between the scenarios is that slightly more is imported and slightly less exported 
in 2020 and 2030 in the CO2 scenario, which is due to the lack of production from the coal fired 
CHP plants. 
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Figure 40.  Annual electricity exports 

 

Figure 41.  Annual electricity imports 
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4.4.1 Sensitivity analysis 
CO2 emissions for four sensitivity scenarios are presented in Figure 42. In Denmark, there is a 
high sensitivity to decreased fossil fuel prices with the CO2 emissions being twice as high in 2020 
as in the Base scenario. This is due to increased consumption of coal. Apart from emissions from 
waste incineration, there are no CO2 emissions in the high fossil fuel price analysis, nor in 2050 in 
the Fixed RE or Low RE scenarios. 

 

Figure 42.  CO2 emissions 

 

5. Conclusion 
The national TIMES models have been developed and demonstrated with low and high CO2 cost 
scenarios, as well as with variations in fossil fuel prices and renewable energy investment costs 
for each of the 6 project countries. The countries have been modelled with time slices, which 
capture fluctuating renewable energy production and with geographical differences between 
central (urban) district heating areas and decentral district heating in city/town areas. In this way, 
it has been possible to find the optimal production of power and district heat in each of the 
countries for the period between 2012 and 2050 seen from a socio-economic perspective, where 
taxes on fossil fuels are included. To present the results in a clear and understandable manner, 
they are shown for years 2020, 2030 and 2050.  

The INVERT/EE-Lab and FORECAST models were used to find the demands for electricity and 
district heating. In general, a steep increase was found in the electricity demand, while the 
tendency for district heating was more unclear. District heating demand increased in some 
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countries in some areas, while it decreased in other areas in the same country, meanwhile in 
other countries there was a steady decline in demand.  

Overall, high shares of wind and solar power was found to be feasible under the assumption that 
excess power can always be exported and vice versa with import. The only restriction imposed on 
export and import of electricity is based on maximal historical utilisation of transmission lines 
found from historical data.  

The highest sensitivity was found when varying the fossil fuel prices. This was particularly true in 
countries with existing coal-fired power plants, which reacted to the decreased fuel prices by 
increasing production even in order to increase export. In that way they have also considerably 
increased CO2 emissions. The main disadvantage of modelling of neighbouring countries with 
price profiles is that the internal development of the power system (and consequently district 
heating system) does not take into account the development of the neighbouring systems. 
Therefore, in some cases the model finds that the cost-optimal solution is to build domestic 
production capacities and earn from exports. One solution for this problem would be to expand 
and connect the models. By doing so, the problem of "price profiles in neighbouring countries" 
would simply be geographically moved to another location. The plan within the present project is 
to make new scenarios, which reflect possible changes in policies in the neighbouring countries. 
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