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Preface 
The main purpose of the FutureGas project was to contribute to a green transition 
through interdisciplinary and coordinated research across the gas sector. The goal was 
to answer two main research questions: 

 What could the role of natural gas, renewable gas and the gas infrastructure 
be in a future climate-neutral Danish energy system?  

 Which role could gas have in the sustainable energy transition towards a 

climate neutral energy system? 

The project included the major stakeholders of the Danish gas industry as well as 
Danish and international universities (see below). The project was supported by the 
Danish Innovation Fund. 

The project analysed the gas chain from supply to regulation: efficient production and 
use of green gases including potential conditioning to natural gas quality, flexible use 
of gas also for transport, system integration, as well as the application of measures to 
ensure an economically efficient use of gas.  

The authors of this report carry individual responsibility for their respective sections. 
All reports from the project can be found on the homepage www.futuregas.dk. 
Scientific articles can be acquired by mail to the authors. 
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Scenarios 

Three main scenarios have been utilized: Early Sprint, Marathon, Late Sprint.  

Overview 
The three main scenarios in Future Gas differ regarding the emission reduction ambitions as well as 
the fossil fuel prices. The original basis of the scenarios has been the ENTSO-E/G TYNDP18 [8]: The Late 
Sprint scenario based on the “Sustainable Transition” and Marathon on the “Global Climate Action” 
scenario. More information on the scenario development and its technical alternatives can be found 
in the [Scenario Report 2018]. Although they all have the same starting point in 2020 and the goal of 
net zero CO2-eq emissions for 2050 is set for all of them, they differ on the pathway (see Figure 1.1) 
and the resulting accumulated GHG emissions (see Figure 1.2) with the inclusion of LULUCF. 

Figure 1.1 CO2-eq emissions Denmark: Historic and in the future for the three scenarios 

 

Key point 
The level of ambition regarding CO2-eq emissions is different for the three scenarios, 
but all reach net zero CO2-eq emissions in 2050. Historic emissions according to 
Klimåradet [30] 

 



Figure 1.2 Accumulated CO2-emissions Denmark for the three scenarios 

 

 

Key point 

While the Late Sprint scenario is exceeding the carbon budget for Denmark if adhering 
to the 1.5 degree goal of the Paris Agreement by far, the Marathon scenario is almost 
within the range and the Early Sprint scenario in the middle of the range of 325-425 
Million ton 

Early Sprint 
The basis of the Early Sprint scenario is a fair distribution of the remaining global carbon budget to the 
countries. For keeping the 1.5 °C goal with a probability of 66%, the global budget for CO2 lies within 
the range of 420-570 Gt CO2 [31]. The range stems from the uncertainty in the historical temperature 
rise, reported within a range of 0.87-0.97 °C. The Danish climate council has derived the respective 
Danish budget by a per capita distribution, which results in 325-425 Million ton CO2 [32]. The Early 
Sprint budget is defined in the middle of that range: 375 Million ton CO2. This CO2 budget along with 
the historical GHG emission values (including LULUCF) have then been used to derive GHG emission 
targets for the years 2020, 2025, 2030 and 2040, while assuming a linear reduction path between those 
years. 

Marathon 
The original idea of the Marathon scenario was a linear reduction of CO2 emissions until reaching net 
zero in 2050. This has however been adapted to the latest Danish governmental goals of a reduction of 
all greenhouse gases by 70% until 2030 compared to 1990. This results in a GHG emission target of 22.7 
Mt, which has been stated by the Danish Climate Council. 
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Late Sprint 
The Late Sprint scenario enables the comparison to a scenario with only minor restrictions on the 
pathway reaching the same goal of net zero emissions in 2050. There is only one intermediate goal in 
2030 which we derived from the European effort sharing regulation, stating a reduction of 43% for the 
ETS-sector and 39% for non-ETS in Denmark (Germany: 38%, Sweden: 40%) compared to 1990. The 
ETS-sector is assumed to cover 45% of the CO2-emissions in Europe. 

Emission division between sectors 
The TIMES-DK model is used to find the socio economic optimal division of emissions by sector in 
Denmark. TIMES-DK is a bottom-up energy model that contains the entirety of the Danish energy 
system (industry, residential, transport, agriculture, production and conversion technologies, etc.). The 
model has perfect foresight and international transport energy demands are excluded. The three 
scenarios (Early Sprint, Marathon, and Late Sprint) were carried out with emission caps on the entirety 
of Denmark. Thus, the TIMES-DK model was able to optimally decide how much emissions each sector 
should emit and when, to optimise total system costs.  These results are displayed in Figure 1.3. These 
results were then used to assign appropriate CO2 emission caps in Balmorel, since the Balmorel model 
does not include the entire Danish energy system.  

Figure 1.3 Danish CO2-emissions for the three scenarios by sector 

 

Key point 

CCS and CO2 storage plays a role in all three scenarios in 2050. CCS allows for emissions 
in the industry, agriculture, transport, and sometimes residential sectors. The reduction 
in emissions from the Transport sector, in all three scenarios, is a product of 
electrification of road transport.  

 



  
Time and Space 

Temporal and spatial resolution in the scenarios.  

Geographical scope  
The focus of the scenarios and the modelling is on the Danish energy system. However, Denmark is 
strongly interconnected to adjacent markets. Due to that, the energy systems optimisation includes 
data for the Nordic countries and Germany. Figure 2.1 illustrates the geographical scope of the 
modelling, where electricity regions represent the current NordPool spot market division for the 
Scandinavian countries, while the German region division is based on current grid bottlenecks since 
these significantly influence traded volumes and prices 

Regarding Balmorel areas, which are sub-units of regions and represent heat and resource allocation 
entities Denmark is divided into 35 areas, while only few district heating areas are modelled in the 
surrounding countries.  

For these other countries in the Balmorel model (Germany, Sweden, and Norway), linear reduction caps 
on CO2 emissions until net zero emissions in 2050 is included in the Balmorel model. 

Figure 2.1  
The geographical scope of the FutureGas scenarios. Representation of countries divided 
into electricity regions. 

 

Key point 
Denmark is the main focus of the project. However, interconnections to surrounding 
countries are important to include in the scenario and modelling frameworks. 
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Temporal resolution 
The scenarios are calculated for the years 2020,2025,2030,2040, and 2050. For 2020 all scenarios start 
from the same basis. A rolling horizon foresight approach is used, meaning that the all information, 
such as emission caps, for the next modelling year are With regard to foresight we are using a rolling 
horizon, meaning that all information for the next year to be modelled is also available but valued less 
important than the current year. The solution for the coming year is then adapted in the calculation for 
it, again, having information about the next year. In Balmorel, each year is represented by 52 seasons 
each consisting of 168 terms corresponding on an hourly time resolution. However, due to the 
comprehensiveness of the model version developed for the FutureGas project, aggregation of the time 
domain is needed. In Balmorel, this is easily done by activating only a subset of the terms in a selection 
of the seasons.  

Base scenarios:  

Aggregating the time domain is a widely used and well studied simplification method for energy models 
like Balmorel, and the main idea is to find an appropriate state in the balancing between level of detail 
and solution quality. A part of the work in WP5 consisted of analysing this balance and thereby how 
time elements may be selected to minimize the decrease in solution quality. Following the conclusions 
of that work, the main aggregation strategy considered for Balmorel aims at finding a selection of time 
elements such that the similarity in aggregated and non-aggregated residual load curves is maximized. 
In more detail, the algorithm repeatedly selects x seasons and y terms by random, constructs the 
corresponding residual load curves and evaluates the similarity to the non-aggregated residual load 
duration curves according to a set of similarity criteria. These criteria consist of average, median, 
minimum and maximum values, variances and correlations. Additionally, priority is given to selections 
which spread time elements nicely over the time horizon. For a specific target of time elements (x,y), 
8000 samples are performed and the one sample with the highest similarity in residual loads is selected 

as the aggregated time domain, �̿�.  

Based on the work of WP5, the optimal validation measure for a given aggregation is the comparison 
of solutions achieved from an aggregated model and the corresponding non-aggregated model. 
However, due to the complexity of the Balmorel model, such a non-aggregated model solution cannot 
be found within the available time resources. Alternatively, the sensitivity in model results to the 
aggregated time domain is analysed by looking into alternative aggregation strategies that achieve the 
same level of aggregation. Apart from the mentioned optimized time element strategy, also a complete 
random selection and a selection of representative week/days are considered. Three examples for each 
approach are seen in Figure 2.2, appearing in the mentioned order. The comparison is based on general 
fuel consumption and gas consumption by sector and the main conclusion is that the results seem to 
be fairly consistent across the different time domains. Most variation is seen in the consumption of 
wind power and with a special focus on gas it is mainly the consumption of natural gas that changes 
with highest effect in the industry sector.  

Based on experimental results, it is chosen to represent each model year by 169 hours covering 13 
activated seasons each represented by 13 hours. For the three base scenarios ES, M, LS this time 
resolution results in solution times between 13 and 19 hours.   

 

 

 

 



 

Figure 2.2 Fuel consumption in [PJ] by fuels (different selections of 169 hours). 

Fuel consumption 

 

Gas consumption by sector 

 

Key point 
The model results shows to be fairly consistent across the different aggregated time domains. 
The main differences are seen in wind power consumption and for the gas specific fuels, in 
the natural gas consumption. The most affected sector seems to be the industry.  

 

Sensitivity scenarios:  

A comprehensive sensitivity analysis is carried out to study the robustness of the results and to better 
substantiate the model and data assumptions. This analysis focus on a large variety of the input 
parameters wherefore a lot of model runs need to be performed. With fairly high solution times of the 

base scenarios, we formulate the model for a smaller set of time steps �̃� to facilitate the many 

sensitivity runs. The aim of selecting �̃� is for the resulting model to replicate the base solutions as best 
as possible. The validation criteria of a candidate aggregated model is therefore how well it replicates 
the base scenario solution with respect to fuel consumption, electricity/heat production, capacity mix 
and electricity prices. The procedure is therefore first to find a candidate aggregated model following 
some aggregation strategy. Next, the aggregated model is solved and within each of the above-
mentioned categories, the difference to the base case solution is found. By summing up all differences, 
a performance value for the aggregated model is achieved. Doing so for a set of aggregated models 
each differing with respect to aggregation strategy and/or to amount of selected time steps, the best 
candidate can be selected. As a rule of thumb, the solution time increases as the model covers more 
time steps. The best candidate is therefore not solely an evaluation of the performance value but rather 
a balancing of solution quality against solution complexity.  

In finding an aggregated model for the sensitivity runs, the considered aggregation strategies are the 

same as those considered when selecting  �̿� for the base scenarios. However, as an additional 
perspective, the work of WP5 also concluded that the aggregation strategy itself may influence how 
model solutions change when input parameters are changed. To limit this impact, focus is only put on 
the aggregation strategies which was concluded to have most consistent performance despite changes 
to input parameters. These are aligned with the optimized time element strategy used for the base 
scenarios wherefore this is the aggregation strategy applied however by varying choices of x and y.   

From the experimental results, it is an aggregated model covering only 16 hours that are selected as 
the sensitivity model. The 16 hours are optimized by selecting the 4 seasons and the 4 hours from each 
season that maximizes the similarity of the resulting residual load duration curves to the non-
aggregated residual load duration curve (see base scenario section for a more detailed description). To 
illustrate the consequence of aggregating the time domain further into 16 hours, Figure 2.3 and 2.4 
illustrate differences in the solutions achieved from a model covering the selected 169 hours and a 
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model covering the selected 16 hours. The differences are seen to be very small which substantiates 
the choice of using the 16 hour resolution for the sensitivity runs.   

Figure 2.3 Yearly Fuel consumption in [PJ] by fuels (different temporal resolutions). 

Fuel consumption 

 

Fuel consumption (gas focus) 

 

Key point 

Considering 16 hours instead of 169 mainly affects the consumption of straw, wind and solar power. In 
early years the consumption is mainly underestimated in the more aggregated model while in later 
years this model overestimates consumption. Focusing specifically on the gas fuels, the more 
aggregated problem has increased natural gas consumption.  

 

Figure 2.4 Yearly electricity production [TWh] by fuel (different temporal resolutions). 

 

Key point 
Main differences in electricity production are seen in the net-import and wind electricity 
production.  



  
Current & future capacities 

in the energy system  
 

This section provides details regarding current and future generation capacities, which are 
exogenous inputs to the Balmorel model 

The baseline FutureGas scenarios are developed based on two of the ENTSO-E/G TYNDP18 [8]. 
Capacities are calculated using current installed and capacities and their lifetimes to linearly extrapolate 
exogenous capacities for future years. It is important to consider that installed capacities and energy 
production do not always correlate due to decommissioning, capacity factors, etc. 

Denmark 
Figure 3.1 Exogenous generation capacities (electricity and district heating). 

Electricity 

 

District Heating 

 

Key point 
Generation capacities from 2030 onward are primarily using renewable sources. 
Capacities using fossil fuels sharply decline compared to other modelled countries. 

Process heat capacities installed are linear inter/extrapolation from DK-TIMES industry data. This data 
has been compiled using Statistics Denmark for the current installed capacities. In Balmorel, process 
heat is divided into process heat high and process heat low. The assumption on the installed capacity 
for individual heating can be seen in. The assumption here is that installed capacities relative to 2016 
is 90% in 2020, 55% in 2025, and 20% in 2030. The capacity installed in 2016 are taken from Danish 
statistics [42]. 
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Figure 3.2 Exogenous generation capacities for process heat and individual heating 

Process heat 

 

Individual heating 

 

Key point 
Excess heat is exogenously put into the process heat areas and increasing until 2050. 
For individual heating, all capacities are being reduced with the same rate. 

Norway 
Figure 3.3 Exogenous generation capacities (electricity and district heating). 

Electricity                                                                                                      

 

District Heating 

 

Key point 

Large hydropower capacities with long lifetimes dominate the Norwegian energy sector. 
The hydropower generation capacities coupled with hydro storage capacities can highly 
affect the European energy system especially with the increase in intermediate energy 
production technologies and increase in electricity transmission.   

 

 



Sweden 
Figure 3.4 Exogenous generation capacities (electricity and district heating). 

Electricity 

 

District Heating 

 

Key point 
Although Sweden’s reduction in nuclear capacity creates a future energy system more 
reliant on variable energy sources, its hydropower resources still give Sweden a 
controllable baseload electricity supply. 

 

Germany 
Figure 3.5 Exogenous generation capacities (electricity and district heating). 

Electricity 

 

District Heating 

 

Key point 
Germany has the highest share of installed solar capacities compared to the other 
countries. The currently installed district heating technologies are almost entirely reliant 
on natural gas and other fossil fuels.  
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Transmission capacities 
This section describes the existing exogenous transmission capacities among all regions in the 
analysis. They represent the status quo of the installed transmission capacities in the base year as 
well as future interconnectors and re-enforcement projects. 

The electrical transmission capacity given in MW is the nominal capacity of the line disregarding 
eventual losses. However, grid losses are included in the model as separate parameters. The capacities 
in Figure 3.6, 3.8 and 3.9 only display the higher value of the bi-directional interconnectors. For both 
values see Figure 3.7, 3.9, and 3.11.  

Status Quo 
The status quo of the interconnector capacities represent the base year 2016 and are based on the 
Nordpool NTC map, Nordic ETP [27] and ENTSO-E/G TYNDP 2018 [8]. Germany is separated into four 
regions according to the major electricity grid bottlenecks based on calculations by Wises F. (2015) [33]. 

Figure 3.6 Transmission capacity 2016 [MW] 

 

 

 

 

 

 



 

Figure 3.7 Transmission capacity 2016 [MW] 

From DE To Capacity [MW] 
 

From DK To Capacity [MW] 
 

From NO To Capacity [MW] 
 

From SE To Capacity [MW] 

DE4-N DE4-W 8634 
 

DK1 DE4-N 1780 
 

NO1 NO2 2200 
 

SE1 NO4 600 

DE4-N DE4-E 3010 
 

DK1 DK2 590 
 

NO1 NO3 500 
 

SE1 SE2 3300 

DE4-N DK1 1500 
 

DK1 NO2 1632 
 

NO1 NO5 300 
 

SE2 NO3 1000 

DE4-N SE4 600 
 

DK1 SE3 740 
 

NO1 SE3 2145 
 

SE2 NO4 300 

DE4-W DE4-N 8634 
 

DK2 DE4-E 585 
 

NO2 DK1 1632 
 

SE2 SE1 3300 

DE4-W DE4-E 6020 
 

DK2 DK1 600 
 

NO2 NO1 3500 
 

SE2 SE3 7300 

DE4-W DE4-S 14416 
 

DK2 SE4 1700 
 

NO2 NO5 500 
 

SE3 DK1 680 

DE4-E DE4-N 3010 
     

NO3 NO1 500 
 

SE3 NO1 2095 

DE4-E DE4-W 6020 
     

NO3 NO4 200 
 

SE3 SE2 7300 

DE4-E DE4-S 3010 
     

NO3 NO5 200 
 

SE3 SE4 5300 

DE4-E DK2 600 
     

NO3 SE2 600 
 

SE4 DE4-N 600 

DE4-S DE4-W 14416 
     

NO4 NO3 1000 
 

SE4 DK2 1300 

DE4-S DE4-E 3010 
     

NO4 SE1 700 
 

SE4 SE3 2000 
        

NO4 SE2 250 
    

        
NO5 NO1 3900 

    

        
NO5 NO2 600 

    

        
NO5 NO3 200 

    

 

New-builds and re-enforcements 
Capacities beyond 2016 are based on ENTSO-E/G TYNDP 2018 [8]. 

Figure 3.8 Transmission capacity additions between 2016 and 2020 [MW] 

 

Key point 
Transmission capacity investments between modelled countries significantly increase 
within this short time period. A new line between Germany and Norway is built.    
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Figure 3.9 Transmission capacity additions between 2016 and 2020 [MW] 

From To Additional capacity [MW] 

DE4-N NO2 1400 

DE4-N DK1 100 

DE4-E DK2 400 

DK1 DE4-N 740 

DK2 DE4-E 400 

NO1 NO5 300 

NO2 DE4-N 1400 

NO2 NO5 1000 

NO3 NO4 200 

NO3 NO5 700 

NO4 NO3 200 

NO5 NO2 1000 

NO5 NO3 700 

SE2 SE3 500 

SE3 SE2 500 

SE3 SE4 1200 

SE4 SE3 1200 
 

 
 
 
 
 

Figure 3.10 Transmission capacity additions between 2020 and 2027 [MW] 

 

Key point 
This figure includes planned transmission capacities until 2027. The transmission from 
Germany to Sweden more than doubles the current capacity. 

 



 

Figure 3.11 Transmission capacity additions between 2020 and 2027 [MW] 

From To Additional capacity [MW] 

DE4-N NO2 1400 

DE4-N DK1 100 

DE4-E DK2 400 

DK1 DE4-N 740 

DK2 DE4-E 400 

NO1 NO5 300 

NO2 DE4-N 1400 

NO2 NO5 1000 

NO3 NO4 200 

NO3 NO5 700 

NO4 NO3 200 

NO5 NO2 1000 

NO5 NO3 700 

SE2 SE3 500 

SE3 SE2 500 

SE3 SE4 1200 

SE4 SE3 1200 
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Techno-economic 

parameters for energy 
conversion and 

infrastructure 
This chapter describes technology and cost data of power plants and interconnectors 

Socio-economic Grid Tariffs 
Values for socio economic tariffs have been assumed based on [44] and [45]. The values are listed in 
Figure 4.1. The consideration of these tariffs shifts the model towards focusing more on methane and 
biomass and less on wind and solar.  

 

Figure 4.1 Socio-economic tarrift on grids in DK 
 

Euro/MWh 

Electricity, DH and industry 14.0 

Natural gas and bio natural gas, DH and industry 1.88 

Electricity, individual heating 32.15 

Natural gas and bio natural gas, individual heating 5.78 
 

Source: [44] and [45] 

 

 

 

 

 



Costs of interconnectors  
NETP 2016 [27] is used as a primary source for investment cost of new transmission lines. However, 
as the geographical scope in Germany is modified, the distance of the lines within Germany as well as 
to Germany is modified – these lines are assumed to have the highest price of an on-land 
transmission line i.e. distance of 300 km. Lastly, it is assumed that the upfront connection costs are 
covered by the investments costs included in the technology data, see Appendix B. 

 

Figure 4.2  Interconnection costs 

 

 

Technology data  
This information is displayed in Appendix B with tables for different sectors. This includes financial, 
financial, and emission data for power, district heating, industry heating, and individual heating 
technologies. 
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Renewable energy 

potentials 
Full load hours and installable capacity of wind onshore and offshore, solar electric and solar 
thermal as well as national biomass resources are summarized in this chapter 

The figure below depicts an overview of the potential/ capacity restriction by geography of Solar PV, 
Onshore Wind and Offshore Wind.  

In order to attempt to represent the renewable energy potentials in energy systems, subgroups are 
defined for both solar and wind technologies. These subgroups represent differences in full load hours, 
production profiles, and capacity potentials.  

 

Figure 5.1  Renewable Potentials 

 

 

Wind  
There are two subgroups (resource grades) that are implemented for onshore wind, where RG1 and 
RG2 represent the highest 50% and lowest 50% wind speeds respectively. This gives variance in the 
potential installed capacity, FLH, and time series data (variation in generation). A similar methodology 
is applied for offshore wind, but with three subgroups (resource grades). However, the difference in 
subgroups depends on the interconnection to the electricity grid and its proximity to shore. ‘RG1_OFF1’ 



is near shore wind turbines, ‘RG2_OFF1’ is for AC-connectable offshore wind, and ‘RG3_OFF1’ is for DC-
connectable offshore wind. 

 

Figure 5.2  Wind Capacity Potentials by Regions [MW] 

Onshore   

Region\SUBTECH_GROUP RG1 RG2 

DK1 3515.4 1506.6 

DK2 824.6 353.4 

DE4-E 17500 7500 

DE4-N 11134.2 4771.8 

DE4-S 10155.4 40621.6 

DE4-W 17500 7500 

NO1 490.7 210.3 

NO2 1955.1 837.9 

NO3 3788.4 1623.6 

NO4 3399.9 1457.1 

NO5 166.6 71.4 

SE1 1931.1 4505.9 

SE2 3776.7 8812.3 

SE3 2966.1 6920.9 

SE4 1826.1 4260.9 
 

Offshore 

Region\SUBTECH_GROUP RG1_OFF1 RG2_OFF1 RG3_OFF1 

DK1 240 29574 3320 

DK2 200 16666 0 

DE4-E - 12609 0 

DE4-N 0 0 0 

DE4-S 0 0 0 

DE4-W 200 6551 54155 

NO1 0 0 0 

NO2 0 6496 25495 

NO3 115 12211 15351 

NO4 175 11062 0 

NO5 0 2451 16342 

SE1 0 10750 0 

SE2 0 10750 0 

SE3 0 10750 0 

SE4 0 10750 0 
 

 

 

Figure 5.3  Onshore Full Load Hours 
 

Area\Year 2020 to 2050 

DK1_NoDH 2186 

DK2_NoDH 2071 

DE4-E_A 1642 

DE4-N_A 1858 

DE4-S_A 1548 

DE4-W_A 1720 

NO1_A1 2724 

NO2_A1 2754 

NO3_A1 2473 

NO4_A1 2637 

NO5_A1 2101 

SE1A 2169 

SE2A 1957 

SE3A 2300 

SE4A 2918 

 

SUBTECH_GROUP RG1 
   

RG2 
   

Regions\ 
Year 

2020 2030 2040 2050 2020 2030 2040 2050 

DE4-E 2334 2476 2627 2778 2176 2226 2278 2330 

DE4-N 2454 2699 2969 3239 2323 2449 2583 2717 

DE4-S 1962 2065 2173 2281 1810 1815 1820 1825 

DE4-W 2109 2382 2691 3000 1862 2132 2441 2750 

DK1 3082 3285 3502 3718 2584 2755 2937 3119 

DK2 2938 3151 3380 3609 2670 2864 3072 3280 

NO1 2432 2503 2576 2650 2176 2240 2305 2371 

NO2 2970 3055 3142 3230 2491 2562 2636 2709 

NO3 2726 2803 2882 2962 2439 2508 2579 2650 

NO4 2610 2684 2760 2836 1816 1867 1920 1973 

NO5 3793 3865 3939 4013 3181 3242 3304 3366 

SE1 2334 2476 2627 2778 2176 2226 2278 2330 

SE2 2334 2476 2627 2778 2176 2226 2278 2330 

SE3 2334 2476 2627 2778 2176 2226 2278 2330 

SE4 2938 3151 3380 3609 2670 2864 3072 3280 

 
 
 

 

 
 
 
 
 
 
 
 
 
 

 



21 
 
FutureGas 

Chapter 5 
Renewable energy potentials 

 

 
 

Figure 5.4  Offshore Full Load Hours 
 

SUBTECH_GROUP RG1 
   

RG2 
   

RG3    

Regions\ 
Year 

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050 

DE4-NE 0 0 0 0 4421 4534 4649 4765 0 0 0 0 

DE4-NW 4240 4376 4516 4657 4260 4392 4528 4665 4482 4587 4695 4803 

DK1 4035 4199 4369 4539 4465 4590 4718 4845 4667 4774 4883 4993 

DK2 3753 3919 4091 4264 4299 4425 4555 4685 0 0 0 0 

NO1 0 0 0 0 0 0 0 0 0 0 0 0 

NO2 0 0 0 0 4708 4533 4363 4194 4802 4901 5003 5104 

NO3 3749 3861 3976 4090 4088 4089 4090 4090 4390 4471 4554 4636 

NO4 4040 4155 4273 4390 4042 4156 4273 4390 0 0 0 0 

NO5 0 0 0 0 4469 4565 4661 4758 4101 4207 4316 4425 

SE1 0 0 0 0 3759 3941 4132 4322 0 0 0 0 

SE2 0 0 0 0 3759 3941 4132 4322 0 0 0 0 

SE3 0 0 0 0 3759 3941 4132 4322 0 0 0 0 

SE4 0 0 0 0 3759 3941 4132 4322 0 0 0 0 
 

Area\Year 2020 to 2050 

DK1_Offshore 3878 

DK2_Offshore 3546 

DE4-E_Offshore 3941.8 

DE4-N_Offshore 4035.3 

DE4-W_Offshore 4035.3 

NO2_Offshore 3840 

SE4_Offshore 2968 

 

 

Solar PV and Solar Heating 
SUBTECHGROUPKPOT:  

Capacity restriction by geography.  

Figure 5.5  Solar PV Capacity Potentials by Regions [MW] 
 

Region\Year RG1 RG2 

DK1 6250 6250 

DK2 3750 3750 

DE4-E,S,W 68400 40200 

DE4-N 22800 13400 

Norway (all regions) 1200 1200 

Sweden (all regions) 3750 3750 

 

 

 

 

 



Figure 5.6 Solar PV Full Load Hours 

 

Area\Year 2020 to 2050 

DK1_NoDH 980 

DK2_NoDH 970 

DE4-E_A 1084 

DE4-N_A 1047 

DE4-W_A 1119 

DE4-S_A 1084 

NO1_A1 958 

NO2_A1 953 

NO3_A1 907 

NO4_A1 877 

NO5_A1 798 

SE1A 961 

SE2A 986 

SE3A 1016 

SE4A 1020 

 

SUBTECH_GROUP RG1 
   

RG2 
   

Regions\ 
Year 

2020 2030 2040 2050 2020 2030 2040 2050 

DE4-E 1050 1084 1101 1119 1000 1032 1049 1066 

DE4-N 1010 1043 1059 1076 960 991 1007 1023 

DE4-W 1020 1053 1070 1087 970 1001 1018 1034 

DE4-S 1100 1136 1154 1172 1050 1084 1101 1119 

DK1 1120 1130 1140 1150 1030 1080 1090 1100 

DK2 1120 1130 1140 1150 1050 1080 1090 1100 

NO1 950 981 997 1012 900 929 944 0 
959 

NO2 950 981 997 1012 900 929 944 959 

NO3 920 950 965 980 870 898 913 927 

NO4 910 939 955 970 860 888 902 916 

NO5 910 939 955 970 860 888 902 916 

SE1 910 939 955 970 860 888 902 916 

SE2 950 981 997 1012 900 929 944 959 

SE3 990 1022 1039 1055 940 970 986 1002 

SE4 1000 1032 1049 1066 950 981 997 1012 

Source: NSON-DK project [34], obtained with the CorRES tool. 

 

SOLAR HEATING 

The solar heating full load hours is aggregated for each country. Data from eight different solar heating 
plants with different sizes (Vojens, Dronninglund, Esbjerg, Silkeborg Forsyning A/S, Aalborg CSP A/S, 
Smørum Kraftvarme, Oxsbøl, and Sydfalster) were used to calculated an average FLH for Denmark. This 
value is then used for Denmark, Norway, and Sweden. 

 

Figure 5.7 Solar Heating Full Load Hours 

 

Country Full Load Hours 

Denmark 703 

Germany 1040 

Norway 703 

Sweden 703 

Source: solvarmedata.dk 

 

Biomass and Biogas Potentials  
Biomass potentials are given as the same values for each model year. Negative emissions are 
considered for biogas and the value is assumed to be -13.3 kg CO2-eq/ton of manure corresponding to 
-10.53 kt CO2-eq/PJ biogas [43].  

In the table below, municipal waste is aggregated, but is actually defined on the area and season level 
creating a more realistic framework. Energy crops are not included in the potentials. Additionally, there 
is an unlimited potential of high cost wood pellets that are imported.  
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Figure 5.8 Biomass Potentials [PJ] 

Country Straw Woodchips Wood waste  Municipal waste 

DK 54 40 
 

 40 

DE 1011 513 148  251 

SE 59 435 16  63  

NO 24 70 18  19 

 

Source: NETP 2016[27] 

Regarding biogas potentials, a maximum biogas potential of 71 PJ and a maximum potential including 
methanisation of 107 PJ from 2035 has been implemented according to current predictions by DGC 
[41].  

 

Minimum Biogas use 

Predictions for minimal use of biogas and biomethane of current and accepted plants have been 
assumed according to conversations with the Danish Energy Agency as shown in Figure 5.9.  

Source: Conversations with Energistyrelsen 

 

Figure 5.9  Implemented Minimum Biogas Use 
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Demands  

Current and future electricity, district heat, process heat demand.  

Electricity demand 
The following table gives a brief overview of the electricity demands that are defined of the modelling 
years. The following sections give a more detailed description. 

Figure 6.1  Electricity demand types and sources 

    

additional electricity for heat additional 
electricity for 
transport 

  classic ind. heat process heat district heat   

DK 
+data 
centers endogenous endogenous endogenous TIMES-DK 

NO ENTSO-E/G ENTSO-E/G ENTSO-E/G endogenous Flex4RES 

SE ENTSO-E/G ENTSO-E/G ENTSO-E/G endogenous Flex4RES 

DE ENTSO-E/G ENTSO-E/G ENTSO-E/G endogenous Flex4RES 
 

Norway, Sweden, Germany 
We have derived the future electricity demand according to the ENTSO-E/G TYNDP 18 scenarios [8] for 
the countries Germany (DE), Sweden (SE) and Norway (NO). These scenarios are expected to include 
additional demand by electrification of individual and process heat. Additional electricity for district 
heat is endogenously defined within the optimization. For the Early Sprint and the Marathon scenario, 
the following ENTSO-E/G scenarios have been applied: 2020 and 2025: BE, 2030: EU, 2040: GCA. For 
Late Sprint: 2020 and 2025: BE, 2030: ST, 2040: ST. Since 2050 has not been included in those, we have 
applied the same number for 2050 as for 2040.  
 
Additional electricity demand from electric vehicles has been derived from the detailed modelling 
results of the Flex4RES project [35]. Power-to-X demand has been calculated based on the EU Long 
Term Strategy (LTS), M & LS scenarios have been based on COMBO scenario and ES has been based on 
1.5 TECH scenario. 
 
Total electricity demand for each country and scenario has been depicted in the below figures. 
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Figure 6.2  Electricity demands for Norway and Sweden 

 

 
 

Figure 6.3 Electricity demands for Germany 

 

 

Denmark 
For Denmark, the electricity demand was defined in more details, see figure below. The classic 
electricity demand was kept constant and expected additional electricity demand projections by DEA 
and Energinet (including Data Centers) [40].The additional electricity demands from individual, district 
and process heat are endogenously defined. 

The demand from electric transport as well as for electro fuels has been derived by the TIMES-DK 
modelling. The resulting electricity demand of electric transport of the model runs with all sectors in 



Denmark applying the respective emission goals was taken as the input for additional electricity 
demand in the Balmorel model. 

Figure 6.4  Electricity demands for Denmark 

 

Explanation 
RESE Residential OTHER Other demands 
PII Power Intensive Industry DC Data Centers 
EV-* Electric Vehicles (in scenario *) TRA_O-* Other Transport (in scenario *) 
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Transport demand 
The demand for transport fuels is obtained from the TIMES-DK model. To obtain these, the demands 
for transport as illustrated in Figure 6.5 is used as input to the TIMES-DK model.  

 

Figure 6.5  Transport demands for the TIMES-DK model 

 

 

  



District heat demand 
The District heating (DH) demand data for the Nordic countries has been based on NETP2016 [27] and 
interpolated in an appropriate manner. However, Germany data has been taken from Energieverbrauch 
in Deutschland im Jahr 2016 [28] and the DH demand is split according to AGFW-Hauptbericht [29]. The 
future share of district heating is in these studies only optimized for process heat. 

 

Figure 6.6 District heating demands  

 

 

Industry: Process heat demand in Denmark 
How process heat demand is assumed to develop over time is illustrated in Figure 6.8. In the Balmorel 
framework the process heat demand is modelled as seen in figure 6.9.  

Figure 6.7 Process Heat technologies 
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Figure 6.8 Process Heat demand in Denmark 

 

Source: NETP2016 

 

 

Figure 6.9 How process heat demand is modelled in Balmorel 
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Individual heating demand in Denmark 
Individual heating demand is modelled as described in the individual heating documentation, see 
Appendix A. The individual heating demand per house type in Denmark is visualized in Figure 6.10. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.10 Individual heating demands per house type in Denmark 
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Fuel prices  

The prices for fossil and bio-based fuels are shown in this chapter.  

Biomass prices  
The biomass fuel price development is based on the Danish Energy Agency price projections [40]. In 
addition, assumptions on the biogas production costs are based on the report from PlanEnergi, which 
is seen in Appendix C.  

The fuel price development of the biomass sources is the same for both Late Sprint and Marathon 
scenarios. The figure below depicts the biomass fuel price development. 

Figure 7.1 Biomass prices 

 

Source: Danish Energy Agency [20]  

 

 

  



Fossil fuel prices  
The fossil fuel price development differs between scenarios and is shown in Figure 7.2. 

 

Figure 7.2 Fossil fuel prices 

 

Source: ENTSO-G/E 18, which are based on price projections by IEA in the WEO 2016: The Marathon scenario use fossil fuels 

prices from the 450 scenario in the WEO 2016. The Late Sprint scenario relies on fossil fuel price projections from the New 

Policy scenario in the WEO 2016, which subsequently is adjusted to create a “Low Oil Price Scenario” in ENTSO-E/G 18.  
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Appendix 
The additional information referred to in this documentation is shown in this chapter.  

Appendix A: Individual heating 
Ida Græsted Jensen, DTU Management, 25th of June 2020 
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Modelling of individual heating 

This chapter describes the main modelling of individual heating in Balmorel. 

Overview 

The idea behind the extension is to add the demand of heat by consumers who are not covered by 
district heating. It is important to make it in a simplified way in order to limit computational time, 
however, as the hybrid solutions and the move from a NG-boiler-only solution to a NG+HP-solution 
need to be covered, a number of extensions to the modelling in Balmorel is needed. Furthermore, when 
technologies are modelled in Balmorel, the choice of technologies will always be the least cost 
technologies; however, this does not necessarily reflect consumer behaviour.  

Consumers are divided into a number of fairly homogenous groups according to the technology(ies) 
they use.  In the sequel the text refers to a single such consumer group.  

To model the hybrid solutions, a new set referred to as technology groups has been made. This set 
represents a technology or a combination of technologies that can heat a house.  
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Individual heating demand 

The idea is now, that each technology group serves the same share of the total demand over the year. 
As an example, see Figure A.1. If the technology group is a combination of two technologies, the 
demand served by each technology does not need to be of equal size. This allows for the flexible 
operation of the hybrid technologies. 

 

Figure A.1 An example of the demand served by different technologies over a week.  

 

 

Key point Each technology group serves the same share of the total demand in each time period. 

To allow for the possibility of combining an existing technology with another, e.g. shifting from Gas 
boiler only to gas-boiler and air-to-air heat pump, a variable representing this shift is needed.  

The last thing necessary for considering the individual heating demand is the two types of demands 
that need to be served, i.e., the space heating demand and the hot water demand. For the hybrid 
solutions with air-to-air heat pumps, this is necessary, as the heat pump cannot serve the hot water 
demand. 

The variable used for representing heat production is 𝑞𝑦,𝑎,ℎ𝑑,𝑔,𝑡𝑔,𝑡 , while the variable representing the 

share served by each technology group is 𝛿𝑦,𝑎,𝑡𝑔. The variable used for moving heat production to 

another technology group is 𝑞
𝑦,𝑎,ℎ𝑑,𝑔,𝑡𝑔𝑓𝑟𝑜𝑚,𝑡𝑔,𝑡
𝑚𝑜𝑣𝑒 . The two different demands served are represented by 

the set hd, while y represents year, a areas, tg technology group, and t time. The demand is represented 
by the parameter 𝑑𝑦,𝑎,ℎ𝑑,𝑡. 

The following is the resulting constraint needed in Balmorel for representing the individual heating 
demand (simplified): 

∑ 𝑞𝑦,𝑎,ℎ𝑑,𝑔,𝑡𝑔,𝑡 + ∑ 𝑞
𝑦,𝑎,ℎ𝑑,𝑔,𝑡𝑔𝑓𝑟𝑜𝑚,𝑡𝑔,𝑡
𝑚𝑜𝑣𝑒

𝑡𝑔𝑓𝑟𝑜𝑚∈𝑇𝐺𝑔∈𝐺

− ∑ 𝑞𝑦,𝑎,ℎ𝑑,𝑔,𝑡𝑔𝑡𝑜,𝑡𝑔,𝑡
𝑚𝑜𝑣𝑒 =

𝑡𝑔𝑡𝑜∈𝑇𝐺

𝛿𝑦,𝑎,𝑡𝑔

∙ 𝑑𝑦,𝑎,ℎ𝑑,𝑡     

∀𝑦 ∈ 𝑌, 𝑎 ∈ 𝐴, ℎ𝑑 ∈ 𝐻𝐷, 𝑡𝑔 ∈ 𝑇𝐺, 𝑡 ∈ 𝑇 

Limiting the willingness to shift 

As argued above, it is necessary to include a willingness to shift parameter in order to mimic the human 
behaviour. Two of these shifting parameters have been included in the modelling: one for moving from 
one technology group to another, and another for moving from a waterborne system to a non-



waterborne system. The constraints make sure that people do not follow what makes most sense 
economically but sticks to what they know. 

The equation necessary for the limits on shifting from one technology group to another is the following, 

where 𝛾𝑦,𝑎,𝑡𝑔
𝑚𝑖𝑛  represents the willingness to shift: 

𝛿𝑦,𝑎,𝑡𝑔
𝑠ℎ𝑎𝑟𝑒 ≥ (1 − 𝛾𝑦,𝑎,𝑡𝑔

𝑚𝑖𝑛 ) ∙ 𝛿𝑦−1,𝑎,𝑡𝑔
𝑠ℎ𝑎𝑟𝑒     ∀𝑦 ∈ 𝑌, 𝑎 ∈ 𝐴, 𝑡𝑔 ∈ 𝑇𝐺 

The equation on shifting from one type of system to another is the following. SG represents the two 
different types of systems, 𝑇𝐺𝑆𝐺(𝑡𝑔, 𝑠𝑔) relates the technology group with a system type, 𝑠𝑔, and 

𝛾𝑦,𝑎,𝑠𝑔
𝑚𝑖𝑛𝑆𝐺  represents the shifting parameter: 

∑ 𝛿𝑦,𝑎,𝑡𝑔
𝑠ℎ𝑎𝑟𝑒

𝑡𝑔∈𝑇𝐺|
𝑇𝐺𝑆𝐺(𝑡𝑔,𝑠𝑔)

≥ 𝛾𝑦,𝑎,𝑠𝑔
𝑚𝑖𝑛𝑆𝐺 ∙ ∑ 𝛿𝑦−1,𝑎,𝑡𝑔

𝑠ℎ𝑎𝑟𝑒

𝑡𝑔∈𝑇𝐺|
𝑇𝐺𝑆𝐺(𝑡𝑔,𝑠𝑔)

    ∀𝑦 ∈ 𝑌, 𝑎 ∈ 𝐴, 𝑡𝑔 ∈ 𝑆𝐺 

 

Data for the add-on 
In this chapter the data for the add-on is given 

Data for technologies 

In the model, the technology groups shown in Figure A.2 have been used. As can be seen in the table, 
gas boilers can be combined with air-to-water heat pumps (to have a hybrid heat pump) and solar 
heating. Electric boilers in non-waterborne systems can be combined with air-to-air heat pumps, and 
biomass boilers with solar heating. The rest of the technologies have not been combined with others. 
Note that the electric boiler option assumes also installation of electric radiators/panels – but to 
simplify, this is not included in the modelling. 

 

Figure A.2 Technology groups included in the model 

Sole suppliers Combinations 

Gas boiler Gas boiler + air-to-water heat pump (hybrid heat pump) 
Gas boiler + solar heat 

Electric boiler (non-waterborne) Electric boiler + air-to-air heat pump 

Electric heating element (waterborne)  

Biomass boiler Biomass boiler + solar heat 

Absorption gas heat pumps 
 

Gas engine driven heat pump 
 

Oil boiler 
 

 

 

Key 
point 

The technologies that supply individual heating can be combined with others to a larger 
degree than shown here 

 

The assumption on the installed capacity can be seen in Figure A.2. The assumption here is that installed 
capacities relative to 2016 is 90% in 2020, 55% in 2025, and 20% in 2030. The capacity installed in 2016 
are taken from [1]. 
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Figure A.2 Installed generation capacity in Denmark 

 

 

Key point 
The installed generation capacity is assumed to decrease linearly down from 2020 for 
all technologies installed in 2016 

The add-on also includes storages to be installed for hot water demand coverage in the technology 
groups with fluctuating prices over the year (those running on electricity) or change in production 
profiles (those including solar heating). To limit the complexity of the model, the storage has been 
modelled as a fixed size equal to 4 hours of demand, which is being installed when a technology in one 
of the mentioned technology groups is installed. 

The add-on extends the modelled areas in Denmark with four – two in each region; one of these are 
for single-family houses and the other for multi-family houses. The data of each of the heating appliance 
is taken from the technology catalogue from DEA [2]. As the data is split on both type of building (single-
family or multi-family) and existing/new buildings, statistics from Danish Statistics on the building type 
and the split on existing and new buildings to find a representative percentage for the technologies [3]. 
In the statistics, it shows that over 10 years, the number of new houses are 1.9% of single family houses 
and 0.4% of multi-family houses. As an example, the data for natural gas boilers in single-family houses 
would then be 1.9% of the data for new houses and 98.1% of the data for existing houses. The data 
shown for individual heating technologies includes the assumptions on this split. 

The resulting technology data for individual heating technologies can be seen in the FutureGas Data 
Outline. 

Demand for individual heating 

The demand for individual heating has been modelled as a percentage of the district heating demand 
in the region in which the area lies. Based on the data from [1], the split of demand for individual heating 
vs. the demand for district heating is found as shown in Figure A.3. Further, the demand is split on hot-
water and space heating demand. The assumption here is that 66% of the demand is space heat 
demand and 34% is the hot-water demand.  



Figure A.3 
Split of demand in the two regions of Denmark between single-family/multi-family houses 
and district heating/individual heating 

 DK1 DK2 

 Single-family Multi-family Single-family Multi-family 

District heating 58% 32% 94% 87% 

Individual heating 42% 68% 6% 13% 
 

 

Key point 
Most houses in DK2 are served by district heating while the share in DK1 is closer to that 
of individual heating 

 

The demand pattern follows that of a medium sized district heating area for all of the building type, so 
that the demand in DK1 for single-family houses and for multi-family houses follows the pattern of a 
medium sized district heating demand in DK1. It is assumed that there is no space heating demand from 
week 19 to 36. 

Willingness-to-shift parameters 

For the shifting between technology groups, the willingness to shift was set to 43.4% between each 
time interval for all technology groups, based on figure 8 in [4]. An exception for this is for the 
technology group of oil boilers, where we allowed for shifting without any limits as (re)investing in oil 
boilers is not allowed in Denmark. The willingness to shift between system types is lower and was set 
to 35% between each time interval for the non-waterborne solutions and to 0% for the waterborne 
systems, as shifting to electric based systems (which all of the non-waterborne systems are in the 
model) are not allowed in Denmark. The 35% is an assumption in the model based on the fact that the 
installation of a waterborne system is not something easily done. 

Further restrictions added 

To reflect the possible choice of technologies, each technology owner has, a few extra restrictions have 
to be added to the model.  

For ground source heat pumps and solar heating, a maximum has been set to reflect the number of 
households that can have it installed. For ground source heat pumps, we have used the article by 
Petrovic and Karlsson [5] to extract an upper limit. For solar heating, we have assumed it to be limited 
to 30% of the demand that can be covered by solar heating, which constrains at the same time the gas 
boiler combined with solar heating and the biomass boiler combined with solar heating.  

The amount of biomass and oil technologies are assumed to be also restricted with a maximum as both 
needs space. Therefore, we have set a limit for the amount of biomass and oil boilers to be installed to 
the installed capacity in 2016 of both biomass boilers and oil boilers.  

Last, a minimum has been set for the people using oil boilers to reflect that they will not be able to 
switch to gas boilers – the argument for this is that they would most likely already have switched to 
natural gas boilers if they were near a gas grid. To make that work, we have set a minimum percentage 
of the technologies that are not gas and not non-waterborne technologies to the share of oil boilers in 
2016, i.e. the share of oil boilers, air-to-water heat pumps, biomass boilers, and the combination of 
biomass boilers and solar heating should be at least the share of oil boilers in 2016 for all the years in 
the simulation. 
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General Notes  
 This document presents most of the technologies that the Balmorel model is using for the 

FutureGas scenarios. 

 Data on fuel production technologies are from the Technology Data for Renewable Fuels from 
the Danish Energy Agency and Energinet 

 Excess heat can be utilised, both from industries, bio-refineries and data centres. Excess heat 
from industry and data centres is implemented by exogenously specifying the maximum 
potential production, unless the industry add-on endogenously computes these values. 

 Fuel efficiencies are given for the lower heating values. 

 Boilers and combined heat and power unites can both run on natural gas, but also bio-methane 
and syngas. 

 Excess heat is also a competitor to heat producing unites. 

 Technologies without investment costs are only given exogenously to the model. 

 Exogenous technologies are input to the model; endogenous technologies are obtained as 
results. 

 More technologies were made available for the model, but not chosen. These technologies 
have not been reported for the sake of keeping an overview. 

Heat only technology data 
Table B.1 shows key characteristics of technologies employed to provide heat to the district heating 
areas, as they are represented in the Balmorel. The listed technologies were either given exogenously 
to the model with no associated investment costs, endogenously selected by the performed investment 
optimization or present their immediate competitors that potentially could be used instead. In the 
FutureGas scenarios marathon (M) and late sprint (LS) three generation technologies providing only 
heat were endogenously selected by the solver: 1) Boilers that run on either natural gas, bio natural gas 
or electricity, 2) heat pumps and 3) solar thermal. Natural gas boilers were only used until 2040, then 
they were substituted by bio natural gas boilers. The technologies are defined for the different areas, 
which depend on size and demand. 

 

Table B.1 Data on technologies providing heat to DH 

  fuel eff. cop 
ch4-

factor 
inv. 

Costs 
o&m 

annual 
o&m 

var. availability 
eco. 

lifetime 

technology fuel type - - mg/MJ €/MW €/MW €/MWh [exo/endo-year] year 

boiler electricity 1 - 0 - 1078 0,49 exo 20 

boiler electricity 0,99 - 0 68600 1049 0,882 endo-2020 20 

boiler electricity 0,99 - 1 58800 999 0,98 endo-2030 20 

boiler electricity 0,99 - 2 58800 950 0,98 endo-2040 20 

boiler electricity 0,99 - 0 58800 902 0,98 endo-2050 20 

boiler bio/natural gas 1,05 - 3 58800 1911 1,078 endo-2020 25 

boiler bio/natural gas 1,06 - 2 49000 1862 0,98 endo-2030 25 

boiler bio/natural gas 1,06 - 2 49000 1764 1,03 endo-2040 25 

boiler bio/natural gas 1,06 - 2 49000 1666 1,08 endo-2050 25 

A-W heat pump electricity, heat - 3,13 0 708099 2023 2,023 endo-2020 25 

A-W heat pump electricity, heat - 3,3 0 665614 2023 1,821 endo-2030 25 

A-W heat pump electricity, heat - 3,4 0 632332 2023 1,770 endo-2040 25 

A-W heat pump electricity, heat - 3,56 0 599052 2023 1,72 endo-2050 25 

heat pump electricity, heat - 2,70 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 3,00 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 3,50 0 - 1960 1,96 exo 25 



heat pump electricity, heat - 4,00 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 4,30 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 4,50 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 4,60 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 4,70 0 - 1960 1,96 exo 25 

heat pump electricity, heat - 6 0 - 1960 1,96 exo 25 

G-W heat pump electricity, heat - 3,60 0 644840 1960 1,76 endo-2020 25 

G-W heat pump electricity, heat - 3,80 0 580356 1960 1,67 endo-2030 25 

G-W heat pump electricity, heat - 4,00 0 551338 1960 1,62 endo-2040 25 

G-W heat pump electricity, heat - 4,1 0 522320 1960 1,568 endo-2050 25 
solar thermal sun 1 - 0 - 100 0,56 exo 30 
solar thermal, large sun 1 - 0 251659 100 0,56 endo-2030 30 
boiler waste 1,04 - 0,3 - 82873 6,215 exo 25 
boiler waste 1,05 - 0,3 - 82873 6,215 exo 25 
heat pump (PHL) natural gas - 1,71 0 560000 2000 1000 endo-2020 25 

heat pump (PHL) natural gas - 1,73 0 510000 2000 1300 endo-2030 25 

heat pump (PHL) natural gas - 1,74 0 485000 2000 1350 endo-2040 25 
heat pump (PHL) natural gas - 1,75 0 460000 2000 1400 endo-2050 25 
heat pump (PHL) gas, heat - 2,32 58 920000 2000 2320 endo-2020 25 

Source: Danish Energy Technology Catalogues 
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Combined heat and power technology data 
Table B.2 shows key characteristics of technologies employed to provide combined heat and power 
(CHP) - heat to the district heating areas and electricity to the regions, as they are represented in the 
Balmorel model. Same as for heat-only, the listed technologies were either given exogenously to the 
model with no associated investment costs, endogenously selected by the performed investment 
optimization or present their immediate competitors that potentially could be used instead. Two 
generation types were endogenously selected in the FutureGas scenarios M and LS: 1) Extraction of 
heat from a steam turbine and a combined cylcle, 2) heat from back-pressure engines or gas turbines.  

Table B.2 Data on technologies providing combined heat and power 

      

ch4-
factor 

inv. 
Costs 

o&m 
annual 

o&m 
var. availability 

 eco. 
lifetime 

technology 
generation 
type fuel type cv cb fuel eff. mg/MJ €/MW €/MW €/MWh 

[exo/endo-
year] 

 
year 

steam turbine back-pressure coal - 0,75 0,82 - - 56056 1 exo  25 

steam turbine back-pressure coal - 0,75 0,89 - - 56056 1 exo  25 

steam turbine back-pressure coal - 0,75 0,93 - - 56056 1 exo  25 

steam turbine condensing coal - - 0,38 - - 56056 2 exo  40 

steam turbine condensing coal - - 0,45 - - 56056 2 exo  40 

steam turbine extraction coal 0,15 0,75 0,37 1,50 - 56056 1 exo  40 

steam turbine extraction coal 0,15 0,75 0,40 1,50 - 56056 1 exo  40 

steam turbine extraction coal 0,15 0,75 0,41 1,50 - 56056 1 exo  40 

steam turbine extraction coal 0,15 0,75 0,42 1,50 - 56056 1 exo  40 

steam turbine extraction coal 0,15 0,75 0,43 1,50 - 56056 1 exo  40 

steam turbine extraction coal 0,15 0,75 0,44 1,50 - 56056 1 exo  40 

steam turbine back-pressure lignite - 0,75 0,91 1,50 - 56056 1 exo  25 

steam turbine condensing lignite - - 0,41 1,50 - 56056 2 exo  25 

steam turbine condensing lignite - - 0,43 1,50 - 56056 2 exo  25 

steam turbine extraction lignite 0,15 0,75 0,34 1,50 - 56056 1 exo  25 

steam turbine extraction lignite 0,15 0,75 0,39 1,50 - 56056 1 exo  25 

steam turbine extraction lignite 0,15 0,75 0,40 1,50 - 56056 1 exo  25 

steam turbine extraction waste 0,04 0,40 0,31 0,30 - 196000 7 exo  25 

steam turbine back-pressure waste - 0,10 0,90 0,30 - 196000 2 exo  25 

steam turbine back-pressure waste - 0,20 0,90 0,30 - 196000 4 exo  25 

steam turbine back-pressure waste - 0,30 0,90 0,30 - 196000 5 exo  25 

steam turbine back-pressure waste - 0,40 0,90 0,30 - 196000 6 exo  25 

steam turbine,medium back-pressure waste - 0,29 1,02 0,10 8919423 24500 6 endo-2020  25 

steam turbine,large back-pressure waste - 0,30 1,04 0,10 7287544 147000 6 endo-2030  25 

steam turbine,medium back-pressure waste - 0,30 1,04 0,10 8492326 235200 6 endo-2030  25 

steam turbine,medium back-pressure waste - 0,30 1,04 0,10 7966863 215600 6 endo-2040  25 

steam turbine,medium back-pressure waste - 0,30 1,04 0,10 7441400 19600 6 endo-2050  25 

steam turbine,large back-pressure waste - 0,30 1,06 0,10 6831949 137200 6 endo-2040  25 

steam turbine,large back-pressure waste - 0,30 1,08 0,10 6376354 127400 6 endo-2050  25 

steam turbine back-pressure waste - 0,30 1,27 0,30 - 196000 7 exo  25 

steam turbine back-pressure waste - 0,30 1,45 0,30 - 196000 8 exo  25 

steam turbine condensing waste - - 0,33 0,10 - 196000 24 exo  25 

combined cycle back-pressure natural gas - 1,20 0,97 1,50 - 29400 2 exo  25 

combined cycle back-pressure natural gas - 1,20 1,01 1,50 - 29400 2 exo  25 

combined cycle back-pressure natural gas - 1,20 1,05 1,50 - 29400 3 exo  25 

combined cycle condensing natural gas - - 0,43 1,50 - 29400 4 exo  25 

combined cycle condensing natural gas - - 0,56 1,50 - 29400 4 exo  25 

combined cycle condensing natural gas - - 0,57 1,50 - 29400 4 exo  25 

engine back-pressure bio/natural gas - 0,82/0,9 0,79/0,76 300/315 - 10000 8/5,4 exo  25 

engine back-pressure bio/natural gas - 0,82/0,9 0,82/0,78 300/315 - 10000 8/5,4 exo  25 

engine back-pressure natural gas - 0,9 0,80 315 - 10000 5,4 exo  25 

engine back-pressure bio/natural gas - 0,82/0,9 0,88/0,89 300/315 - 10000 8/5,4 exo  25 

engine back-pressure natural gas - 0,9 0,93 315 - 10000 5,4 exo  25 



Table B.2 (continued) Data on technologies providing combined heat and power 

      
ch4-

factor 
inv. 

Costs 
o&m 

annual 
o&m 

var. availability 
eco. 

lifetime 

technology 
generation 
type fuel type cv cb fuel eff. mg/MJ €/MW €/MW €/MWh 

[exo/endo-
year] year 

engine condensing bio/natural gas - - 0,41 315 - 10000 8/5,4 exo 25 

gas turbine back-pressure natural gas - 0,95 0,76 1,50 - 19600 2 exo 25 

gas turbine back-pressure natural gas - 0,95 0,80 1,50 - 19600 2 exo 25 

gas turbine back-pressure natural gas - 0,95 0,88 1,50 - 19600 4 exo 25 

gas turbine back-pressure natural gas - 0,95 0,90 1,50 - 19600 2 exo 25 

gas turbine back-pressure natural gas - 0,95 0,96 1,50 - 19600 2 exo 25 

gas turbine condensing natural gas - - 0,40 1,50 - 19600 4 exo 25 

steam turbine back-pressure natural gas - 0,70 0,92 6,00 - 37240 0 exo 30 

steam turbine back-pressure natural gas - 0,70 0,95 6,00 - 37240 1 exo 30 

steam turbine extraction natural gas 0,12 0,48 0,36 6,00 - 12051 0 exo 20 

steam turbine extraction natural gas 0,12 0,48 0,39 6,00 - 12051 0 exo 20 

steam turbine extraction natural gas 0,12 0,48 0,40 6,00 - 12051 0 exo 20 

steam turbine back-pressure woodchips - 0,10 0,90 - - 58800 0 exo 25 

steam turbine back-pressure woodchips - 0,34 0,95 - - 58800 1 exo 25 

steam turbine back-pressure woodchips - 0,34 1,06 - - 58800 1 exo 25 

steam turbine back-pressure woodchips - 0,34 1,18 - - 58800 1 exo 25 

steam turbine,small back-pressure straw - 0,19 1,06 - 5 255 1 endo-2020 25 

steam turbine,small back-pressure straw - 0,19 1,06 - 5 240 1 endo-2040 25 

steam turbine,small back-pressure straw - 0,19 1,06 - 5 235 1 endo-2050 25 

steam turbine back-pressure straw - 0,44 0,78 - - 37240 0 exo 25 

steam turbine back-pressure straw - 0,44 0,84 - - 37240 0 exo 25 

steam turbine back-pressure straw - 0,44 0,88 - - 37240 0 exo 25 

steam turbine back-pressure straw - 0,44 0,94 - - 37240 0 exo 25 

Source: Danish Energy Technology Catalogues 
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Industry technology data 
Table B.3 shows key characteristics of technologies employed to provide heat for two different 
temperature levels to the Danish industry sector: 1) Low process heat (PHL, 50 - 130°C) and 2) high 
process heat (PHH, 150 - 250°C). It consists of boilers running on natural gas, bio natural gas, electricity, 
coal or woodchips and heat pumps for both temperature levels in ten year intervals from 2020 to 2050. 

 

Table B.3 Data on technologies providing process heat to consumers in industry 

      

ch4-
factor inv. Costs o&m annual o&m var. availability 

technology generation type 
fuel 

type cv cb fuel eff. mg/MJ €/MW €/MW €/MWh [exo/endo-year] 

boiler bio/natural gas PHH 0,75 - 3 45455 1773 1000 endo-2020 25 

boiler bio/natural gas PHH 0,76 - 3 45455 1727 909 endo-2030 25 

boiler bio/natural gas PHH 0,76 - 2 45455 1636 909 endo-2040 25 

boiler bio/natural gas PHH 0,77 - 2 45455 1545 909 endo-2050 25 

boiler bio/natural gas PHL 0,85 - 3 45455 1773 1000 endo-2020 25 

boiler bio/natural gas PHL 0,86 - 3 45455 1727 909 endo-2030 25 

boiler bio/natural gas PHL 0,86 - 2 45455 1636 909 endo-2040 25 

boiler bio/natural gas PHL 0,86 - 2 45455 1545 909 endo-2050 25 

boiler electricity PHL 0,891 - 0 70000 1070 500 endo-2020 20 

boiler electricity PHL 0,891 - 0 60000 1020 500 endo-2030 20 

boiler electricity PHL 0,891 - 0 60000 970 450 endo-2040 20 

boiler electricity PHL 0,891 - 0 60000 920 400 endo-2050 20 

boiler electricity PHH 0,792 - 0 70000 1070 500 endo-2020 20 

boiler electricity PHH 0,792 - 0 60000 1020 500 endo-2030 20 

boiler electricity PHH 0,792 - 0 60000 970 450 endo-2040 20 

boiler electricity PHH 0,792 - 0 60000 920 400 endo-2050 20 

heat pump electricity, heat PHL -    3,50  0 870000 2000 1800 endo-2020 25 

heat pump electricity, heat PHL -    3,50  0 780000 2000 1700 endo-2030 25 

heat pump electricity, heat PHL -    3,50  0 740000 2000 1650 endo-2040 25 

heat pump electricity, heat PHL -    3,50  0 700000 2000 1600 endo-2050 25 

heat pump electricity, heat PHH -    2,10  0 870000 2000 1800 endo-2020 25 

heat pump electricity, heat PHH -    2,10  0 780000 2000 1700 endo-2030 25 

heat pump electricity, heat PHH -    2,10  0 740000 2000 1650 endo-2040 25 

boiler coal PHH 0,72 - 1,5 500000 33686 1500 endo-2020 25 

boiler coal PHH 0,73 - 1,5 500000 32615 1364 endo-2030 25 

boiler coal PHH 0,73 - 1,5 500000 31622 1364 endo-2040 25 

boiler coal PHH 0,74 - 1,5 500000 30629 1364 endo-2050 25 

boiler coal PHL 0,81 - 1,5 500000 33686 1500 endo-2020 25 

boiler coal PHL 0,83 - 1,5 500000 32615 1364 endo-2030 25 

boiler coal PHL 0,82 - 1,5 500000 31622 1364 endo-2040 25 

boiler coal PHL 0,82 - 1,5 500000 30629 1364 endo-2050 25 

boiler woodchips PHH 0,72 - 11 618182 33686 1100 endo-2020 25 

boiler woodchips PHH 0,73 - 8 590909 32615 1000 endo-2030 25 

boiler woodchips PHH 0,73 - 4 563636 31622 1000 endo-2040 25 

boiler woodchips PHH 0,74 - 4 536364 30629 1000 endo-2050 25 

boiler woodchips PHL 0,81 - 11 618182 33686 1100 endo-2020 25 

boiler woodchips PHL 0,82 - 8 590909 32615 1000 endo-2030 25 

boiler woodchips PHL 0,82 - 4 563636 31622 1000 endo-2040 25 

boiler woodchips PHL 0,83 - 4 536364 30629 1000 endo-2050 25 

heat pump natural gas PHL 1,71  0 560000 2000 1000 endo-2020 25 

heat pump natural gas PHL 1,73  0 510000 2000 1300 endo-2030 25 

heat pump natural gas PHL 1,74  0 485000 2000 1350 endo-2040 25 

heat pump natural gas PHL 1,75  0 460000 2000 1400 endo-2050 25 

heat pump gas, heat PHL 2,32  58 920000 2000 2320 endo-2020 25 

Source: Danish Energy Agency, 2018, “Mapping of industry process technologies”, by Viegand Maagøe for DEA 



Individual heating technology data 
Table B.4 and B.5 show key characteristics of technologies employed to provide heat for the residential 
sector. The technology set consist of boilers, heat pumps, solar thermal units and electrical heaters. 
Boilers either run on oil, natural gas, bio natural gas or wood pellets. Each technology is available in 
different years and some are distinguishable by their economic lifetime. The data is divided into one 
family house and apartment complex. As hybrid heat pumps are poorly represented in the Danish 
market, O&M costs are highly uncertain and no data exist in the Technology Catalogue, assumptions 
have been made regarding the costs based on a report by DGC with current realised prices [1] and the 
Technology Catalogue [2]. For single family houses, the investment costs consists of a 4kW heat pump 
(for new houses) and a 10 kW gas boiler [2]. The O&M costs consist of half the O&M costs for the heat 
pump and half for the gas boiler. The same principle has been applied for the multi-family houses but 
for a 160 kW heat pump and a 400 kW natural gas boiler [2]. 

Table B.4 Data on technologies providing heat to consumers in residential sector: One family house 

    fuel eff.   cop  
ch4-

factor inv. costs 
o&m 

annual o&m var. availability 
eco. 

lifetime 

technology fuel type  -   -  mg/MJ €/MW €/MW €/MWh 

[exo/endo-
year] year 

boiler light oil 0,92 - 0 405073,8 16626 0 exo 20 

boiler light oil 0,92 - 0 395047,7 16244,04 0 endo-2020 20 

boiler light oil 0,93 - 0 375733,9 15711,31 0 endo-2030 20 

boiler light oil 0,95 - 0 339892,8 14278,22 0 endo-2050 20 

boiler bio/natural gas 0,97 - 2 320000 20945 0 exo 20 

boiler bio/natural gas 0,97 - 1 312079,6 20470,98 0 endo-2020 20 

boiler bio/natural gas 0,98 - 0,5 296822,1 19864,38 0 endo-2030 20 

boiler bio/natural gas 0,99 - 0,25 268508,4 18068,77 0 endo-2050 20 

boiler wood pellets 0,80 - 3 583333,3 42974,17 0 exo 20 

boiler wood pellets 0,82 - 2 682674,1 50411,87 0 endo-2020 20 

boiler wood pellets 0,86 - 1 652386,8 48822,02 0 endo-2030 20 

boiler wood pellets 0,88 - 0 590155,9 44494 0 endo-2050 20 

heat pump (A2W) electricity, heat - 3,25 - 1014270 29313,4 0 exo 18 

heat pump (A2W) electricity, heat - 3,35 - 953509 27876,75 0 endo-2020 18 

heat pump (A2W) electricity, heat - 3,55 - 861891,7 25211,23 0 endo-2030 18 

heat pump (A2W) electricity, heat - 3,70 - 770750,1 22806,34 0 endo-2050 18 

heat pump (A2A) electricity, heat - 5,00 - 450570,8 42985,18 0 exo 12 

heat pump (A2A) electricity, heat - 5,10 - 425285,4 40878,48 0 endo-2020 12 

heat pump (A2A) electricity, heat - 4,09 - 320426,7 24699,5 0 endo-2030 12 

heat pump (A2A) electricity, heat - 4,19 - 303533,5 22343,43 0 endo-2050 12 

solar thermal sun 1 - - 955732 16536 0 exo 20 

solar thermal sun 1 - - 861679 16232 0 endo-2020 25 

solar thermal sun 1 - - 795937 16377 0 endo-2030 30 

solar thermal sun 1 - - 637966 15051 0 endo-2050 30 

electric heating electricity 1 - - 1000000 8333 0 exo 30 

electric heating electricity 1 - - 975249 8127 0 endo-2020 30 

electric heating electricity 1 - - 927569 7730 0 endo-2030 30 

electric heating electricity 1 - - 839089 6992 0 endo-2050 30 

heat pump (B2W) electricity, heat - 3,60 - 1626638 29313 0 exo 20 

heat pump (B2W) electricity, heat - 3,70 - 1523783 27877 0 endo-2020 20 

heat pump (B2W) electricity, heat - 3,80 - 1420929 25211 0 endo-2030 20 

heat pump (B2W) electricity, heat - 3,95 - 1219978 22806 0 endo-2050 20 

Source: Danish Energy Technology Catalogue 2016 

*A2W: Air to Water; *A2A: Air to Air; * B2W: Brine to Water (ground source) 
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Table B.5 Data on technologies providing heat to consumers in residential sector: Apartment complex 

    fuel eff.   cop  
ch4-

factor inv. costs 
o&m 

annual o&m var. availability 
eco. 

lifetime 

technology fuel type  -   -  mg/MJ €/MW €/MW €/MWh 

[exo/endo-
year] year 

boiler light oil 0,92 - 0 87840 2142 25,2 exo 20 

boiler light oil 0,92 - 0 85666 2100 24,6 endo-2020 20 

boiler light oil 0,93 - 0 81478 2095 23,4 endo-2030 20 

boiler light oil 0,95 - 0 73706 1949 21,1 endo-2050 20 

boiler bio/natural gas 1,01 - 2 63193 1712 0,0 exo 25 

boiler bio/natural gas 1,01 - 1 61628 1677 0,0 endo-2020 25 

boiler bio/natural gas 1,02 - 0,5 58615 1630 0,0 endo-2030 25 

boiler bio/natural gas 1,02 - 0,25 53024 1553 0,0 endo-2050 25 

boiler wood pellets 0,80 - 3 225438 4405 0,0 exo 20 

boiler wood pellets 0,85 - 2 219858 4326 0,0 endo-2020 20 

boiler wood pellets 0,90 - 1 209109 4276 0,0 endo-2030 20 

boiler wood pellets 0,90 - 0 189162 3951 0,0 endo-2050 20 

heat pump (A2W) electricity, heat - 3,65 - 375365 2515 0,5 exo 20 

heat pump (A2W) electricity, heat - 3,75 - 352855 2364 0,5 endo-2020 20 

heat pump (A2W) electricity, heat - 3,90 - 317797 2127 0,4 endo-2030 20 

heat pump (A2W) electricity, heat - 4,05 - 285277 1914 0,4 endo-2050 20 

solar thermal sun 1 - - 613465 2779 0,0 exo 20 

solar thermal sun 1 - - 575077 2773 0,0 endo-2020 25 

solar thermal sun 1 - - 527139 3125 0,0 endo-2030 30 

solar thermal sun 1 - - 479200 2886 0,0 endo-2050 30 

electric heating electricity 1 - - 662500 313 0,0 exo 30 

electric heating electricity 1 - - 646102 305 0,0 endo-2020 30 

electric heating electricity 1 - - 614514 290 0,0 endo-2030 30 

electric heating electricity 1 - - 555896 262 0,0 endo-2050 30 

heat pump (B2W) electricity, heat - 4,00 - 662233 2515 0,5 exo 20 

heat pump (B2W) electricity, heat - 4,10 - 622242 2364 0,5 endo-2020 20 

heat pump (B2W) electricity, heat - 4,20 - 559767 2127 0,4 endo-2030 20 

heat pump (B2W) electricity, heat - 4,40 - 504786 1914 0,4 endo-2050 20 

Source: Danish Energy Technology Catalogue 2016 

*A2W: Air to Water; *B2W: Brine to Water (ground source) 

 

 

 

 

 

 

 

 

 

 

 

 

 



Electricity only technology data 
Table B.6 shows key characteristics of technologies providing only electricity. The technology set consist 
of solar pv, hydro reservoirs and onshore/offshore wind turbines. 

Table B.6 Data on technologies providing only electricity 

    fuel eff.   cop  ch4-factor inv. costs o&m annual o&m var. 

technology 
fuel 
type  -   -  mg/MJ €/MW €/MW €/MWh 

pv sun 1 411600 6860 0 Endo-2020 40 

pv sun 1 500063 6370 0 endo-2030 40 

pv sun 1 452344 5880 0 endo-2040 40 

pv sun 1 404625 5390 0 endo-2050 40 

pv sun 1 - 9310 0 exo 40 

reservior, no pmp water 1 - 22069 0 exo inf. 

reservior, pmp water 1 - 22069 0 exo inf. 

run-of-river water 1 - 22069 0 exo inf. 

turbine, offshore wind 1 1574878 - 2258888 31799 - 35331 2.352 - 2.646 endo-2030 30 

turbine, offshore wind 1 1466772 - 2139032 30032 - 33369 2.254 - 2.450 endo-2040 30 

turbine, offshore wind 1 1664605 - 2019175 31406 2.352 endo-2050 30 

turbine, offshore wind 1 - 50539 3.822 exo 30 

turbine, onshore wind 1 1146600 13720 1.470 endo-2020 27 

turbine, onshore wind 1 1087800 13034 1.401 endo-2030 30 

turbine, onshore wind 1 1029000 12348 1.323 endo-2040 30 
turbine, onshore wind 1 970200 11662 1.254 endo-2050 30 
turbine, onshore wind 1 - 25088 2.744 exo 30 

Source: Danish Energy Technology Catalogues 

Electricity and heat storage technology data 
Table B.7 shows key characteristics of technologies providing electric/heat storage. The technology set 
consist of electric storage, pit heat storage and water tank heat storage. Each technology is available in 
different years and some are distinguishable by their economic lifetime. Two generation types were 
endogenously selected by the solver:1) electric storage and 2) central and decentral pit heat storage. 

Table B.7 Data on technologies providing electric/heat storage 

technology fuel type fuel eff. inv. Costs 
o&m 

annual o&m var. availability 
eco. 

lifetime 
to load 

storage 
to unload 

storage 

   €/MW €/MW €/MWh 
[exo/endo-

year] year hours hours 

electric storage electricity 0,95 251819 1595 0 endo-2040 20 4 4 

electric storage electricity 0,95 167879 1063 0 endo-2050 20 4 4 

electric storage electricity 0,86  370 0 exo 20 1,5 1,5 

pit heat storage (central) heat 0,7 1435 3 0 endo-2020 20 110 82,5 

pit heat storage (central) heat 0,7 1375 3 0 endo-2030 20 110 82,5 

pit heat storage (central) heat 0,7 1294 3 0 endo-2040 20 110 82,5 

pit heat storage (central) heat 0,7 1213 3 0 endo-2050 20 110 82,5 

pit heat storage (decentral) heat 0,7 443 3 0 endo-2020 20 192,59 192, 59 

pit heat storage (decentral) heat 0,7 424 3 0 endo-2030 20 192,59 192, 59 

pit heat storage (decentral) heat 0,7 399 3 0 endo-2040 20 192,59 192, 59 

pit heat storage (decentral) heat 0,7 374 3 0 endo-2050 20 192,59 192, 59 

water tank heat storage(LS) heat 0,98 2905 8 0 exo 40 60 60 
water tank heat storage(SS) heat 0,95  68 0 exo 20 2 2 

Source: Danish Energy Technology Catalogues 



51 
 
FutureGas 

0Appendix  

 
 

Technology data for carbon capture and storage 
In Balmorel, carbon capture and storage (CCS) technologies are included in the model and all countries 
have the option to invest in them. The assumed parameters are seen in Table B.8.  Different CO2 
capture values have been used for different technologies and are listed in Table B.9. 

 

Table B.8 Various CCS parameters 

Parameter Value Source 

Power consumption 0.371 MWh/(tCO2/h) [3] 

Capturing efficiency 90% [3] 

Transport and storage cost 19.6 €/tCO2 [4] 

 

 

 

Table B.9 CO2 capture values 

Technology Captured CO2 (kg CO2/GJ) 

Power+DH Sector 

Natural gas boiler 56.1 
Natural gas CHP 56.1 
MSW boiler 94.6 
MSW CHP 94.6 
Straw boiler 94.6 
Straw CHP 94.6 
Woodchip boiler 94.6 
Woodpellet boiler 94.6 
Woodpellet CHP 94.6 

Industry Sector 

Coal boiler 94.6 
Fueloil boiler 74 
Natural gas boiler 56.1 
Woodpellet boiler 94.6 
Woodchip boiler 94.6 

 

Technology parameters such as fuel efficiency, Cv-value, Cb-value, and technology lifetimes are kept 
constant compared to similar technologies in the Balmorel model that do not include CCS. However, 
investment costs and O&M costs reflect the cost of building a new technology with CO2 capture costs 
included in the cost. Retrofitting of existing technologies is not implemented in Balmorel. Below, a 
summary of investment and O&M costs are listed for CCS technologies included in the model. 

 

 

 

 



 

Table B.10 CO2 capture costs 

Technology w/ CO2 capture 2020 2030 2040 2050 

 INV O&M INV O&M INV O&M INV O&M 

Power+heat 

Natural gas boiler 0.11 1.91 0.09 1.87 0.09 1.76 0.09 1.66 

Natural gas BP 2.48 28.7 2.29 27.2 2.19 26.4 2.10 25.5 

Natural gas CND 1.43 28.7 1.35 27.2 1.32 26.4 1.3 25.5 

Natural gas EXT 1.68 28.7 1.58 27.2 1.56 26.4 1.53 25.5 

MSW boiler 2.84 79.8 2.70 74.8 2.63 71.3 2.55 67.8 
MSW CHP 11.4 157 10.8 147 10.2 137 9.5 127 
Straw CHP 3.3 117 3.09 108 2.95 103 2.79 98 
Woodchip CHP 4.83 58.8 4.58 49 4.36 49 4.14 49 

Woodpellet CHP 2.52 39.2 2.39 39.2 2.27 39.2 2.16 39.2 

Industry 

Coal boiler 0.75 22.6 0.75 21.9 0.75 21.2 0.75 20.5 
Fueloil boiler 0.06 1.18 0.06 1.16 0.06 1.09 0.06 1.04 

Natural gas boiler 0.06 1.18 0.06 1.16 0.06 1.09 0.06 1.04 

Woodpellet boiler 0.92 33.7 0.88 32.6 0.84 31.6 0.79 30.6 

Woodchip boiler 0.92 33.7 0.88 32.6 0.84 31.6 0.79 30.6 

INV: M€/MW [3], O&M: k€/MW [3] 

Technologies producing biogas and biomethane 
Table B.11 contains technology data that is used to produce biogas and biomethane. The model is used 
to optimise the use of the limited and valuable biomass in Denmark. Investment, fixed O&M, and 
variable O&M costs are included, however excluding transport costs and costs for procurement of 
biomass. Figures for these costs can be found in Appendix C. 

 

Table B.11 Data on technologies producing renewable gases and liquid fuels 

Technology        2020               2030               2040           2050 Ref 
 INV FOM INV FOM INV FOM INV FOM # 

Biogas plant – Standard mix* 1.44 144 1.30 140 1.25 138 1.19 136 5 
Biogas plant – Standard plus 6% straw 1.03 117 0.94 114 0.91 113 0.87 111 5 
Biogas plant – Standard plus 15,5% 
biowaste 0.93 109 0.83 106 0.81 104 0.77 103 

 
5 

          
Biogas Upgrading 0.47 11.8 0.42 10.6 0.38 9.5 0.34 8.6 6 

Methanisation 0.91 36 0.76 30 0.60 24 0.45 18 6 

INV [M€/MW], FOM [k€/MW], VOM [€/GJ] excluding transport costs and costs for procurement of biomass 

* 80% manure, 14% deep litter, 2,5% org. waste, 3,5 %grass, 0% straw, based on Ref [6] 
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Appendix C: Biogas production costs 
PlanEnergi, Ebbe Münster, 21-06-2020 

Potentials 

A discussion based on Table 1 from ref [1] between DTU and PlanEnergi has resulted in 
recommendation of the following changes:  

a. The potential for Straw is lowered to 34 PJ produced by 3,4 mio. Ton. These figures are based on 

recent (2019) measurements carried out by AU at the in-house biogas plant at the research farm 

in Foulum.  

b. The purchase of deep litter is raised to 4 €/ton, based on recent commercial projects.  

Figure C.1  

 

Production Costs 

In the same way changes are recommended for the values in Table 1 from ref[2]. 

a. The dry matter content of grass should be lowered to 30% and the energy density should be 

lowered to 3.2 GJ/ton. This gives a more realistic picture of mean values for the types of grass 

actually used for biogas production. (Consequently the values for investment and O&M are 

changed to be in line with the values of the reference for Table 1.   6.7 €/ton and 2,4 €/ton 

respectively. And the value for the energy density is changed to 3,2 GJ/ton corresponding to 

values found in recent measurements by AU) 

b. Based on experiences from recent commercial projects the values for investments in equipment 

necessary for the use of various additional biomasses, the investment values for Deep litter and 

for Straw are increased to 21 €/ton and 58 €/ton respectively, which is also in line with the used 

reference. 

c. The O&M figures in the table does not include transport costs. The following values are 

assumed: Manure: 2.49 €/ton. Deep litter: 4.49 €/ton [3]. For other biomasses, transport costs 

are included in the procurement.  
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Figure C.2  

 

Source 
 

 

The difference between the data used in ref. [1] and the updated data presented is illustrated by the 
following two graphs: 

Figure C.3 Production costs. 

Original data 

 

Updated data 

 

The comparison above illustrate the production costs at either a plant with uses manure only, or at 
plants using the maximum addition of the four differ types of biomasses, which is technically possible, 
if the resulting mix should be pumpable. The technical limit is assumed to be 30% TS in the input for 
grass and waste, and 20% TS for deep litter and straw. 

It is seen that the updated data shows lower cost for org. waste and grass. This is mainly because higher 
maximum TS values are allowed. In the original calculation 13% TS for the input was assumed for all 
biomasses. 

This calculation provides a comparison between the economic potential of the different biomasses, but 
in reality, more than one additional biomass will normally be used.  

For the mean costs of all biogas plants, it would be reasonably to assume a mix of biomasses 
corresponding to the total potential in the country. 

Below the production costs for such global mixes are shown. ‘DTU’ means the potentials discussed in 
this paper. ‘DEA’ is explained below. ‘AU’ refers to potentials proposed by AU in ref [1]. It differs mainly 



by a substantial higher amount of grass. This is connected to the foreseen increase in protein 
production from grass. 

Figure C.4 Production costs 

 

 

In the figure the values for production costs in a situation, where it is considered preferably to use the 
straw potential for other purposes, are also shown. With the foreseen costs of straw there is no 
economic advantage of using it for biogas production, but it is never the less an important resource to 
miss. 

It is difficult to compare these production costs with the values from the Technology Catalogue, 
because it is using other biomass mixes. A recent (2018) attempt to calculate overall production costs 
by the Energy Agency is found in ref.[4]. In this paper the production costs for a ‘basic plant’, which is 
‘rich in waste’ is found to be 14 €/GJ. It is stated that this price can be considered constant up to 2050 
because better performance is expected to be balanced by increasing costs of electricity (socio 
economic calculations). 
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