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Table 2 - Fixed electricity for Wind scenarios 

[TWh] 
Electricity 

demands 2035 
(DEA) 

Fixed electricity 
2035 

(EnergyPLAN) 

Electricity 
demands 2050 

(DEA) 

Fixed electricity 
2050 

(EnergyPLAN) 

Classical 30.57 

31.36 

29.11 

31.54 
Process 0.51 2.12 

Refinery 0 0.06 

District heating 0.28 0.25 

TOTAL 31.36 31.36 31.54 31.54 

 

The heating demand is handled the exact same way in the DEA spreadsheet as in EnergyPLAN for all four 
scenarios. The heat demand for decentral district heating is inserted as group 2 in EnergyPLAN, for central 
district heating in group 3, and the individual heat demands as the corresponding boilers and heat pumps in 
EnergyPLAN. Individual solar heating are inserted equally for all individual heating units thus increasing 
demand for those. Losses in the district heating system are 20 %, which corresponds with the DEA 
spreadsheet. See Table 3 and Table 4. The process heat demand is included as a fuel demand in industry.  

Table 3 - Heating demands in fossil scenario 

[TWh] 
Heating 

demands 2035 
(DEA) 

Heating 
demands 2035 
(EnergyPLAN) 

[TWh] 
Heating 

demands 
2050 (DEA) 

Heating 
demands 2050 
(EnergyPLAN) 

Natural gas 
boiler (eff: 1) 0.7 0.72 (includes 

0.02 solar) 
Natural gas 
boiler (eff: 1) 0 0 

Biomass boiler 
(eff: 0.91) 11.59 11.99 (includes 

0.40 solar) 
Biomass boiler 

(eff: 0.91) 7.89 8.64 (includes 
0.75 solar) 

Individual heat 
pumps (COP: 

4.27) 
8.8 9.08 (includes 

0.28 solar) 

Individual heat 
pumps (COP: 

4.13) 
8.4 9.06 (includes 

0.65 solar) 

Individual solar 0.7 0 (sum of the 
above: 0.7)  Individual solar 1.4 0 (sum of the 

above: 1.4) 

Decentralized 
DH (eff: 0.8) 9.78 9.78 Decentralized 

DH (eff: 0.8) 8.54 8.54 

Centralized DH 
(eff: 0.8) 14.67 14.67 Centralized DH 

(eff: 0.8) 12.8 12.8 

TOTAL 46.24 46.24 TOTAL 39.03 39.03 
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Table 4 - Heating demands in Wind scenario 

[TWh] 
Heating 

demands 2035 
(DEA) 

Heating 
demands 2035 
(EnergyPLAN) 

[TWh] 
Heating 

demands 
2050 (DEA) 

Heating 
demands 2050 
(EnergyPLAN) 

Biomass boiler 
(eff: 0.91) 6.99 7.22 (includes 

0.23 solar) 
Biomass boiler 

(eff: 0.91) 0 0  

Individual heat 
pumps (COP: 

4.36) 
14.03 14.49 (includes 

0.46 solar) 

Individual heat 
pumps (COP: 

4.13) 
16.3 17.7 (includes 1.4 

solar) 

Individual solar 0.69 0 (sum of the 
above: 0.69)  Individual solar 1.4 0 (sum of the 

above: 1.4) 

Decentralized 
DH (eff: 0.8) 9.78 9.78 Decentralized 

DH (eff: 0.8) 8.54 8.54 

Centralized DH 
(eff: 0.8) 14.67 14.67 Centralized DH 

(eff: 0.8) 12.8 12.8 

TOTAL 46.16 46.16 TOTAL 39.03 39.04 

 

Industry demand is in EnergyPLAN handled as a fuel demand. Thus, to convert from the DEA inputs to 
EnergyPLAN all industry demands are inputted as their corresponding fuel demand. Only electricity demand 
for industry is not included here as it is part of the total electricity demand in the EnergyPLAN files for all 
scenarios. See Table 5 and Table 6. 

Table 5 - Fuel demand for industry in Fossil scenarios 

[TWh] 
Industry fuel 

demands 2035 
(DEA) 

Industry fuel 
demands 2035 
(EnergyPLAN) 

Industry fuel 
demands 2050 

(DEA) 

Industry fuel 
demands 2050 
(EnergyPLAN) 

Coal 12.8 12.8 23.4 23.4 

Oil 2 2 0 0 

Natural gas 7.1 7.1 0 0 

Biomass 0 0 0 0 

TOTAL 21.9 21.9 23.4 23.4 
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Table 6 - Fuel demand for industry in Wind scenarios 

[TWh] 
Industry fuel 

demands 2035 
(DEA) 

Industry fuel 
demands 2035 
(EnergyPLAN) 

Industry fuel 
demands 2050 

(DEA) 

Industry fuel 
demands 2050 
(EnergyPLAN) 

Coal 0 0 0 0 

Oil 4.5 4.5 0 0 

Natural gas 11.8 11.8 3.9 3.9 

Biomass 4.4 4.4 13.7 13.7 

TOTAL 20.7 20.7 17.6 17.6 

 

The DEA interprets transportation demand as either fuel driven or electrically driven. The electrically driven 
vehicles are primarily seen as electricity smart charge in EnergyPLAN whereas the fuel driven are put into 
their corresponding fuel types. For the Fossil scenario only some of the cars and trucks are converted to 
electricity and the remaining runs on fossil fuels which also include ships and planes. In the Wind scenarios, 
there is a slightly higher transportation demand for electric vehicles, and the fossil fuels are replaced with 
synthetic biodiesel, petrol and jet fuel. Gas busses and trucks are included in both fossil and wind scenarios, 
as an input from the gas grid. Depending on the scenario, it is either natural gas, or SNG created from biomass. 

 

Table 7 - Fuel demand for transportation in Fossil scenarios 

[TWh] 
Transport 

demands 2035 
(DEA) 

Transport 
demands 2035 
(EnergyPLAN) 

Transport 
demands 2050 

(DEA) 

Transport 
demands 2050 
(EnergyPLAN) 

Electricity 2.79 
0.61 (dump) 

9.66 
0.94 (dump) 

2.18 (smart) 8.82 (smart) 

Diesel 12.55 12.55 14.02 14.02 

Petrol 31.06 31.06 7.57 7.57 

Jet petrol 10.31 10.31 10.47 10.47 

Natural gas 1.89 1.89 7.54 7.54 
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Table 8 - Fuel demand for transportation in Fossil scenarios 

[TWh] 
Transport 

demands 2035 
(DEA) 

Transport 
demands 2035 
(EnergyPLAN) 

Transport 
demands 2050 

(DEA) 

Transport 
demands 2050 
(EnergyPLAN) 

Electricity 3.41 
0.6 (dump) 

12.02 
0,9 (dump) 

2.81 (smart 11.12 (smart) 

Syn diesel 1.77 1.77 7.08 7.08 

Diesel 24.39 24.39 0 0 

Syn Petrol 1.8 1.8 7.33 7.33 

Petrol 9.7 9.7 0 0 

Syn Jet petrol 2.91 2.91 10.46 10.46 

Jet petrol 7.41 7.41 0 0 

Syn Natural 
gas 2 2 7.98 7.98 

Production Units 

The Danish Energy Agency ties the energy production units to four primary sectors, decentralized district 
heating areas, centralized district heating areas, electricity production, and refineries.  

Table 9 - Capacities of heat producing units in decentralized district heating areas in the Fossil scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2050 
(EnergyPLAN) 

Coal Boiler 1000 
3459 

1800 
3018 

Natural gas Boiler 1000 0 

Biogas engine 
(electric)  285 

1424 
285 

1424 
Natural gas engine 

(electric) 1140 1140 

Biogas engine 
(thermal) 250 

1250 
250 

1250 
Natural gas engine 

(thermal)  1000 1000 

Geothermal [TWh] 0.2 0.2 0.2 0.2 

Solar thermal [TWh] 0.7 0.7 1.4 1.4 

Excess heat from 
industry [TWh] 0.6 0.6 0.4 0.4 

Thermal storage 
[GWh] 331 331 62 62 
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In all scenarios, within the decentralized district heating areas all CHP capacities are inputted in EnergyPLAN 
as they appear in the DEA models. This also goes for heat pumps and geothermal heat pumps, solar thermal, 
and heat and electricity production from industry. In the Wind scenarios, the decentralized CHP plant is a 
synthetic natural gas engine and the boilers are biomass, whereas in the Fossil scenarios the boiler runs on 
coal and the CHP plant on natural gas. The fossil scenarios furthermore have decentral biogas plants where 
the gas motors are modelled as part of the other decentral combined heat and power plants. 

Table 10 - Capacities of heat producing units in decentralized district heating areas in the Wind scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2050 
(EnergyPLAN) 

Biomass Boiler 2300 3500 1800 3500 

Syn natural gas 
engine (electric) 1026 1026 684 684 

Syn Natural gas 
engine (thermal) 900 900 600 600 

Heat pump 
(electric) 133.33 133 248 250 

Heat pump 
(thermal)  400 399 800 800 

Geothermal [TWh] 0.8 0.84 0.8 0.84 

Solar thermal [TWh] 0.7 0.69 1.4 1.4 

Excess heat from 
industry [TWh] 0.4 0.42 0.4 0.42 

Thermal storage 
[GWh] 75 75 138 138 

 

For all scenarios, the DEA numbers are typed as they appear into EnergyPLAN for the centralized district 
heating areas when it comes to CHP, Waste CHP, heat pumps, geothermal heat pumps, solar thermal and 
heat production from industry. In all scenarios, the centralized heating areas have waste incineration plants 
that produce both heat and electricity. In the fossil scenarios, the centralized combined heat and power plants 
are coal extraction plants in both 2035 and 2050 that produces both heat and power. In the 2035 Wind scenario 
the central CHP plants are extraction mode biomass plants, whereas there are no central CHP plants in the 
2050 wind scenario besides the waste incineration plants. The boilers are biomass boilers in the Wind 
scenarios and coal boilers in the Fossil scenarios. 
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Table 11 - Capacities of heat producing units in centralized district heating areas in the Fossil scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2 
(EnergyPLAN) 

Coal boiler 500 5188 1200 4259 

Coal CHP Plant 
(electric)  2154 2154 1568 1568 

Coal CHP Plant 
(thermal) 2872 2872 1500 1500 

Waste CHP 
(electric) [TWh] 2.78 2.78 3.17 3.17 

Waste CHP 
(thermal) [TWh]  7.60 7.60 8.66 8.66 

Geothermal [TWh] 0.01 0.01 0.06 0.06 

Solar thermal [TWh] 0.3 0.3 0.6 0.6 

Excess heat from 
industry [TWh] 0.9 0.9 0.9 0.9 

Thermal storage 
[GWh] 94.5 94.5 82.5 82.5 

 

Table 12 - Capacities of heat producing units in centralized district heating areas in the Wind scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2 
(EnergyPLAN) 

Biomass Boiler 2300 5200 2300 5200 

Biomass CHP 
(electric) 926.37 926.37 0 0 

Biomass CHP 
(thermal) 1269 1268 0 0 

Heat pump 
(electric) 83.33 83 78.13 78.13 

Heat pump 
(thermal)  250 249 250 250 

Waste CHP 
(electric) [TWh] 2.8 2.78 3.0 3.0 

Waste CHP 
(thermal) [TWh] 7.6 7.6 8.2 8.2 

Geothermal [TWh] 0.48 0.48 0.39 0.39 

Solar thermal [TWh] 0.3 0.28 0.6 0.6 
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Excess heat from 
industry [TWh] 0.9 0.89 0.9 0.89 

Thermal storage 
[GWh] 241.5 241.5 186 186 

The electricity production units have all been treated by typing in the exact number from the DEA into the 
EnergyPLAN representations. Furthermore, the fluctuating renewable sources such as wind, offshore wind 
and PV have all been correct to have the same production as in the spreadsheet. Besides fluctuating RES, 
power plants are included in this category. For the 2035 Fossil scenario, this is only the central coal CHP plants 
running condensing mode, whereas in the 2050 Fossil scenario it is both the central coal CHP units and a 
natural gas turbine. For the 2035 Wind scenario, electricity is also produced at the central biomass CHP plants 
and synthetic natural gas turbines. For the 2050 Wind scenario, only synthetic natural gas turbines are present 
as power plants. 

Table 13 - Capacities of electricity producing units in Fossil scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2050 
(EnergyPLAN) 

Onshore wind 3500 3500 3500 3500 

Offshore wind 2150 2150 5000 5000 

PV 800 800 800 800 

PP1 2776 2776 1575 1575 

PP2 0 0 1400 1400 

Industrial CHP 
[TWh] 2.3 2.3 3.4 3.4 

 

Table 14 - Capacities of electricity producing units in Wind scenarios 

[MW] Capacities 2035 
(DEA) 

Capacities 2035 
(EnergyPLAN) 

Capacities 2050 
(DEA) 

Capacities 2050 
(EnergyPLAN) 

Onshore wind 3500 3500 3500 3500 

Offshore wind 5000 5000 14000 14000 

PV 1000 1000 2000 2000 

PP1 1421 1421 0 0 

PP2 900 900 4600 4600 

Industrial CHP 
[TWh] 2.4 2.4 2.3 2.3 
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Appendix B  Documentation of the Reference 
2015 model 
The Reference 2015 model is based on the newest national energy statistics for Denmark from 2013. To make 
the model represent 2015, some key inputs have been updated using newer data sources. In the 
documentation of the specific inputs, in the tables below, the values updated with 2015 data are put in brackets 
after the 2013 value and the same for the reference. 

The most of the inputs are from the National Energy Statistics 2013 from the Danish Energy Agency [16]. This 
consists of a main report and a spreadsheet as an appendix and both documents have been used. For some 
of the more plant or plant type specific inputs, the Register of energy producers 2012, 
(Energiproducenttællingen) also by the Danish Energy Agency, has been used. This is only used for 
distribution of production between plant types and fuel mix and not for total fuel consumption or energy 
production. To supplement these two, a number of other references have been used for 2015 values or more 
specific issues, that the National Energy Statistics do not cover, such as thermal storage capacity, district 
heating grid losses and cooling demand and production. 

The 2013 model has been calibrated to match the energy balance reported in [16]. The calibration has been 
done by firstly, adjusting the calculated efficiencies of the CHP plants in central district heating areas to match 
the total fuel consumption of the system, and secondly, adjusting the calculated fuel distribution of the CHP 
plants in central district heating areas to make the model match the fuel mix in the statistics. In the 
documentation of the inputs in the tables below, it has been noted which inputs that have been used for 
calibration. After the calibration, the selected 2013 values are replaced with the 2015 values, as mentioned 
above. 

In the modelling, the district heating areas have been divided into central and decentralised areas. The central 
areas are those areas where large extraction CHP plants are located. The decentralised areas are the rest of 
the areas. The decentralised district heating areas consist of both areas with CHP and without CHP. In all 
district heating areas there are heat-only boilers, that serves as peak load or back-up supply units. 
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Input Value Reference Note 

    

B.1 Electricity production 

Electricity demand (TWh/year) 30.68 [16] Electricity demand including grid losses, 
excluding demands for heating, cooling and 
transport. 

B.1.1 Wind (onshore) 

Capacity (MW) 3539 
(3,759) 

[16]  

([17]) 
 

Annual production (TWh) 6.77 (7.19) [16]  

([17]) 

The 2015 production is based on the production 
distribution from 2013 but scaled up with the 
increased capacity. 

B.1.2 Offshore Wind 

Capacity (MW) 1271 [16]  

Annual production (TWh) 4.35 [16]  

B.1.3 Photo Voltaic 

Capacity (MW) 571  

(629) 

[16]  

([18]) 
 

Annual production (TWh) 0.52 (0.57) [16]  

([18]) 

The 2015 production is based on the production 
distribution from 2013 but scaled up with the 
increased capacity. 

B.1.4 River Hydro 

Capacity (MW) 9 [16]  

Annual production (TWh) 0.01 [16]  

B.1.5 Thermal power production 

CHP condensing power capacity 
(MW) 

6,244 [16]  

CHP condensing power efficiency 0.331 [19] The values represent the annual average 
efficiency. This input has been used for 
calibration of the fuel consumption. 

Condensing power plant capacity 
(MW) 

841 [16]  
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Condensing power plant efficiency 0.269 [19]  
     

B.2 District heating 

B.2.1 Decentralised district heating 

Demand (TWh/year) 10.48 [16] [19] The distribution of heat demand between 
decentralised and central district heating areas is 
from [19]. The total is from [16]. 

Boiler capacity (MW) 4176 [19]  

Boiler efficiency 0.983 [19]  

CHP Electric capacity (MW) 1,889 [16]  

CHP Electric efficiency 0.36 [19]  

CHP Thermal capacity (MW) 2333 [16]  

CHP Thermal efficiency 0.4 [19] The values represent the annual average 
efficiency. This input has been used for 
calibration of the fuel consumption. 

Fixed boiler share 24.3 [19] This value accounts for the share of district 
heating demand that cannot be supplied be CHP. 

Grid loss 0.2 [20]  

Thermal storage capacity (GWh) 33.2 [21]  

Solar thermal input (TWh/year) 0.139 
(0.278) 

[16]  

([22]) 

On the basis of [22], it is interpreted that a 
production of 1 TJ will be reached in 2015. 

Industrial heat supply (TWh/year) 0.345 [16] [19] The distribution of industrial heat supply 
between decentralised and central district 
heating areas is from [19]. The total is from [16]. 

Industrial electricity supply 
(TWh/year) 

0.86 [16] [19] The distribution of industrial electricity supply 
between decentralised and central district 
heating areas is from [19]. The total is from [16]. 

B.2.2 Central district heating 

Demand (TWh/year) 17.01 [16] [19] The distribution of heat demand between 
decentralised and central district heating areas is 
from [19]. The total is from [16]. 

Boiler capacity (MW) 5922 [19]  

Boiler efficiency 0.871 [19]  

CHP Electric capacity (MW) 4852 [16]  

CHP Electric efficiency 0.3 [19]  
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CHP Thermal capacity (MW) 6301 [16]  

CHP Thermal efficiency 0.481 [19] The values represent the annual average 
efficiency. This input has been used for 
calibration of the fuel consumption. 

Fixed boiler share 1  To account for limits in the transmission grids and 
maintenance periods of CHP units. 

Grid loss 0.15 [20]  

Thermal storage capacity (GWh) 15.7 [21]  

Industrial heat supply (TWh/year) 0.955 [16] [19] The distribution of industrial heat supply 
between decentralised and central district 
heating areas is from [19]. The total is from [16]. 

Industrial electricity supply 
(TWh/year) 

0.34 [16] [19] The distribution of industrial electricity supply 
between decentralised and central district 
heating areas is from [19]. The total is from [16]. 

B.3 Cooling 

Electricity for cooling (TWh/year) 1.67 [23]  

Electricity for cooling efficiency 4.55 [23]  

    

B.4 Fuel Distribution and Consumption 

B.4.1 Fuel Distribution for Heat and Power Production 

These relations indicated for each of the plant type indicate the relations between fuel types in the fuel mix for each 
plant type (Coal / Oil / Gas / Biomass). 

Decentralised CHP 1 / 0 / 19 / 
7 

[19]  

Central CHP   104 / 2 / 11 
/ 36 

[16] [19] These relations have been used for calibration of 
total fuel mix. 

Boilers in decentralised district 
heating 

0 / 0 / 12 / 
6 

[19]  

Boilers in central district heating 0 / 2 / 2 / 1 [19]  

Condensing operation of central 
CHP 

104 / 2 / 11 
/ 36 

[16] [19] These relations have been used for calibration of 
total fuel mix. 

Condensing power plants     0 / 1 / 0 / 0 [19]  

 

 





  

 

23 

 

 

 

 

B.6.2 Waste incineration in central district heating 

Waste input (TWh/year) 6.51 [16] [19] The distribution of waste input between 
decentralised and central district heating areas is 
from [19]. The total is from [16]. 

Thermal efficiency 0.441 [19]  

Electric efficiency 0.279 [19]  

 

B.7 Individual heating 

B.7.1 Coal boilers 

Fuel consumption (TWh/year) 0.01 [16]  

Efficiency 0.7  Assumed annual average value 

B.7.2 Oil boilers 

Fuel consumption (TWh/year) 3.46 [16]  

Efficiency 0.85  Assumed annual average value 

Solar thermal input (TWh/year) 0.02 [16] The total solar thermal input is distributed on the 
fuel boiler types according to the fuel 
consumption. 

B.7.3 Natural gas boilers 

Fuel consumption (TWh/year) 7.58 [16]  

Efficiency 0.95  Assumed annual average value 

Solar thermal input (TWh/year) 0.05 [16] The total solar thermal input is distributed on the 
fuel boiler types according to the fuel 
consumption. 

B.7.4 Biomass boilers 

Fuel consumption (TWh/year) 9.44 [16]  

Efficiency 0.8  Assumed annual average value 

Solar thermal input (TWh/year) 0.06 [16] The total solar thermal input is distributed on the 
fuel boiler types according to the fuel 
consumption. 
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B.7.5 Heat pumps 

Heat demand (TWh/year) 1.17 [16]  

COP 3  Assumed annual average value 

B.7.6 Electric heating 

Heat demand (TWh/year) 1.089 [16]  

 

B.8 Biogas production 

Biogas production (TWh/year) 1.06 [16]  

 

B.9 Electricity exchange 

Transmission line capacity (MW) 5,750 
(6,150) 

[24] 

([24]) 
 

    

B.10 Distributions 

The distribution does not influence the total annual energy, but allocates the total onto each hour of the year. 

Input for distribution Reference Note 

Electricity demand [25] Total electricity demand for East and West Denmark 

Individual heat demand [26] Heat demand outside district heating in Denmark 2006 

Individual solar thermal [26] Solar thermal production in Denmark 

District heating demand [26] District heating demand in Denmark 2006 

DH Solar thermal [26] Solar thermal production in Denmark 

Offshore Wind [25] Off shore wind power production in Denmark 2013 

Onshore Wind [25] On shore wind power production in Denmark 2013 

Photo Voltaic [25] Photovoltaic power production in Denmark 2013 

Electricity price [25] Nordpool hourly system prices from 2013 
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Analyses of international electricity market exchange with consequences of changes in precipitation for the 
Norwegian and Swedish hydroelectric power systems have not been done in IDA's Energy Vision 2050. Such 
analyses were conducted in the IDA Energy Plan 2030 from 2006 [9]. 

It must be emphasised that the CO2 quota costs employed here is used primarily to be able to evaluate incomes 
and costs from electricity market exchange. The use of 42 2015-EUR/tonne CO2 reflects the costs of CO2 
reductions and is not an analysis of the socioeconomic impacts from the CO2 emission.  
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Figure D4 - Investment costs for savings in new buildings in 2035 

 

Figure D5 - Investment costs for demand reductions in new buildings in 2050 

By multiplying the achieved saving in each step with the cost per kWh for each step, the study creates curves 
that show the increase in total investment costs. For each of these, a trend line has been added with a function 
that indicates the costs for lowering demands. These are shown in Figure D5 for existing buildings, and Figure 
D6 and Figure 6 for new buildings. The lifetime of all renovations are expected to be 50 years with 0 % 
Operation and Maintenance costs. 
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