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1. Danish summary 

 
Dette notat illustrerer selskabsøkonomiske forhold ved anvendelse af brint-
teknologier til lagring af elektricitet samt ved tilsætning af brint til det 
københavnske bygas net.  
 
I el-lager eksemplet udgør hovedkomponenterne alkalisk elektrolyse, brintlager 
og PEM brændselscelle. Der er anvendt data for 2020, 2025 og 2035, 
hovedsageligt baseret på de tekniske rapporter udarbejdet af Green Hydrogen og 
Dantherm Power, og det er antaget, at alle anlægsdele er udviklet til kommerciel 
anvendelse, herunder med lange tekniske levetider. Omkostninger for alt, hvad 
der ligger udover disse hovedkomponenter (balance of plant), er baseret på 
Rambølls rapport fra februar 2014. 
 
Nøgletal for et anlæg, der etableres i 2035, er som følger: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Det ses, at de gennemsnitlige priser for henholdsvis købt og solgt elektricitet er 
næsten ens, ikke mindst takket være afgifter og gebyrer på købt elektricitet. Det 
betyder bl.a., at der blive underskud på det årlige driftsregnskab, og det vil derfor 
ikke være muligt at betale finansieringsudgifterne. 
 
Følgende forhold vil kunne forbedre selskabsøkonomien (og 
samfundsøkonomien): 

1. Lavere investeringsudgifter, særligt balance of plant, samt udgifter til drift 
og vedligehold. 

2. Højere virkningsgrader. 
3. Vente til el-priserne bliver mere ustabile. 
4. Sælge ilten fra elektrolysen. 

 
Hvis samfundsøkonomien bliver positiv, vil der endvidere kunne arbejdes for 
forbedrede rammebetingelser: 

Elektrolyse, kapacitet 54 MW

Elektrolyse, driftstimer 2500 timer/år

Brændselscedlle, kapacitet 10 MW

Brændselscelle, driftstimer 5000 timer/år

Samlet virkningsgrad, el-lager 33 %

Samlet anlægsinvestering 268 millioner kr

Gennemsnit elpris, køb 210 kr/MWh

Afgifter og gebyrer 261 kr/MWh

Samlet købspris 471 kr/MWh

Gennemsnit elpris, salg 469 kr/MWh

Afgifter og gebyrer 8 kr/MWh

Samlet salgspris 461 kr/MWh

Finansieringsudgifter -19.6 millioner kr/år

Drift og vedligehold -12.4 millioner kr/år

El-køb -67.7 millioner kr/år

El-salg 23.0 millioner kr/år

Varme-salg 20.0 millioner kr/år

Samlet årsbudget -56.7 millioner kr/år
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5. ”El-baserede energilagre bør afgiftsmæssigt håndteres efter principperne 
for oplagshavere af brændsler. Det vil medføre, at afgiften først svares 
ved slutanvendelse. På denne måde vil det sikres, at el-baserede 
energilagre ikke dobbeltbeskattes”1. 

6. Indførelse af dynamiske tariffer og afgifter 
 
Tabellen viser effekten af forskellige forbedrede beregningsforudsætninger, 
anskuet i relation til ovenstående årsbudget for et anlæg etableret i 2035: 
 
Ændret beregningsforudsætning Reduktion i årligt underskud (%) 
30 % lavere anlægsinvestering 10 
Elektrolyse virkningsgrad øget fra 96 til 
98 % og brændselscelle virkningsgrad 
øget fra 40 til 65 % 

44 

Gennemsnitlig el-spot købspris 30 % 
lavere og el-spot salgspris 30 % højere 

13 

Fritagelse for PSO-afgift 41 
Kombination af alle ovennævnte 
forbedringer 

87 

 
Det ses, at virkningsgraderne og afgifterne er særligt vigtige, og endvidere at 
underskuddet ikke fjernes helt under antagelse af samtlige forbedringer.  
 
Beregningerne af økonomien i at injicere brint i bygas nettet omfatter to 
alternativer: Direkte tilsætning af brint til bygassen og anvendelse af brint til 
metanisering af CO2-indholdet i biogas. Førstnævnte mulighed forekommer ikke 
økonomisk interessant, mens metanisering muligvis kunne blive attraktivt inden 
for en overskuelig årrække. 

2. Introduction 
 
This report is a deliverable from the project CopenHydrogen 
(http://www.hydrogennet.dk/copenhydrogen), operated from April 2013 to April 
2014, and financially supported by the Danish support scheme EUDP 
(www.ens.dk/en).  
 
The aim of the project is to demonstrate grid balancing through electricity storage 
using hydrogen and fuel cell technologies in interaction with electricity, heat and 
gas supply, and involving key technology providers.  
 
This initial phase of the project is a pre-project, which will provide solid and 
detailed analyses for investment decisions, thus preparing the subsequent phase 
of establishing a demonstration platform. 
 
The project is managed by the City of Copenhagen, who will also host the 
demonstration project. 
 

                                                        
1
 Dette er en anbefaling citeret fra ’Hovedrapport for Smart Grid Netværkets arbejde’, Klima- energi 

og Bygningsministeriet, 2011. 
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This particular deliverable is part of Work Package 2, Framework conditions and 
market drivers, managed by DTU management Engineering. The work package 
has two tasks: 
 
Task 2.1: Regulation and framework conditions (incl. prefeasibility studies)  

• Identification of technology (H2 tech. paths, reference and competing al-
ternatives)  

• Preparation of model tools for the analyses  
• Data collection on technology status and development options  

• Policy and barrier analyses (tax, tariffs, bottlenecks in transmission grids, 
etc.)  

• Analyses of data on technologies subject to developing framework condi-
tions  

• Incentives (feed-in, etc.)  
 
Task 2.2: Feasibility analyses / WP2 phase I marginal analyses  

• Selection of main H2 technology paths for further analysis (incl. ref. and 
competing alternatives)  

• Litterature survey and data collection on selected technology paths (incl. 
development options)  

• Price scenarios on power, gas, heat, hydrogen incl. drives in price deve-
lopment  

• Scenarios for excess energy from wind power during a year  

• Analyse levelized cost of energy (LCOE) in different scales  

• Reporting and dissemination. (Preliminary and final WP2 phase I report)  

 
The present report, prepared by HOFOR (Greater Copenhagen Utility; 
www.hofor.dk), focuses on project economics, whereas another report, prepared 
by DTU management Engineering, focuses on socio-economic evaluations and 
remaining issues on the above-mentioned list of topics. 
 
A project economic analysis, also referred to as a financial analysis or business 
case, includes all actual costs and incomes of a project, which is financed as a 
stand-alone project, as opposed to balance-sheet financing. The actual or real 
costs are market prices, including taxes, levies and subsidies.  
 
However, income tax is ignored in this edition of the memo. The question of 
income tax is among others depending on, who will own and operate the 
demonstration platform. 
 
Besides the main focus of the report, electricity storage, there is a separate 
analysis of hydrogen injection into the city gas grid of Copenhagen. 

3. General assumptions and preconditions 
 
Hydrogen lower heating value: 10.79 MJ/Nm3 = 120.0 GJ/ton. 
Hydrogen higher heating value: 12.75 MJ/Nm3 = 141.9 GJ/ton. 
 
Fixed prices, level: 2012. 
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Exchange rate: 1 EUR = 7.42 DKK. 
 
Financing (interest rates in fixed prices): 

• Kommunekredit: 2 % per year, maturity 25 years. 
• Mortgage: 4 % per year, maturity 10 years. 

• Own finance: 6 % per year, maturity 10 years. 
 
Price of heat delivered to the district heating network: 80 DKK/GJ. 
 

3.1. Electricity prices 2012 
 
Trading electricity is a complex issue. For the sake of this memo it is assumed 
that electricity is traded (purchased from and sold to) the Nordic electricity 
market, Nord Pool Spot, the day-ahead market. Trading on the spot market may 
not be the most advantageous option, as trading on the balance or reserve 
markets may yield a higher income. However, selecting which way to trade 
requires a detailed analysis, which is assumed to be premature at present. Also, 
the largest volume of electricity is traded on the day-ahead market. 
 
The average day-ahead price 2012 in the DK2 market (East Denmark) was 280 
DKK/MWh (ref. 1). The figure below shows all hourly prices ranked according to 
price (DKK/MWh). Although, there was a large span between -1492 DKK/MWh 
and 1887 DKK/MWh, the majority of hours were within a fairly narrow band, i.e. 
the market was generally quite stable. 
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The table shows how many cheap and expensive hours there were in 2012: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Purchasing electricity, the following taxes and levies are due:  

• Grid and system levies to Energinet.dk: 28 plus 41 DKK/MWh. 

• Public Service Obligation (PSO) levy to Energinet.dk: 161 DKK/MWh for 
the first 100 GWh/year, plus 67 DKK/MWh for anything above 100 
GWh/year. 

• Energy tax, electricity for industrial processes: 4 DKK/MWh. 

• Distribution levy to the grid company (dependent on company and time). 
Assuming all electricity purchase is traded at night, the levy is 22 
DKK/MWh. 

 
For a small project, it is advisable to purchase the electricity through a trader, 
who is buying on the wholesale market and selling on the retail market. HOFOR 
is currently paying 5 DKK/MWh for such a service. 
 
For the purpose of this memo a total of 261 DKK/MWh is assumed. 
 
On top of this, a tax of 38 % is due on the income for selling the surplus heat to 
the district heating system.   
 
Selling electricity, a generation levy of 3 DKK/MWh is due. Equivalent to buying 
electricity, it is assumed that a trader will need 5 DKK/MWh for his/her service. 
 
Thus, for the purpose of this memo a total of 8 DKK/MWh is assumed. 
 
Example:  

Average, 500 cheapest hours 39 DKK/MWh

Average, 1000 cheapest hours 91 DKK/MWh

Average, 1500 cheapest hours 121 DKK/MWh

Average, 2000 cheapest hours 142 DKK/MWh

Average, 2500 cheapest hours 158 DKK/MWh

Average, 3000 cheapest hours 170 DKK/MWh

Average, 4500 cheapest hours 190 DKK/MWh

Average, 5000 cheapest hours 205 DKK/MWh

Average, 6000 cheapest hours 220 DKK/MWh

Average, 500 most expensive hours 589 DKK/MWh

Average, 1000 most expensive hours 508 DKK/MWh

Average, 1500 most expensive hours 469 DKK/MWh

Average, 2000 most expensive hours 441 DKK/MWh

Average, 2500 most expensive hours 419 DKK/MWh

Average, 3000 most expensive hours 401 DKK/MWh

Average, 4000 most expensive hours 372 DKK/MWh

Average, 5000 most expensive hours 350 DKK/MWh

Average, 6000 most expensive hours 333 DKK/MWh
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We are buying the cheapest 2500 hours at 158 DKK/MWh. Adding taxes and 
levies of 261 DKK/MWh, the total buying price is 419 DKK/MWh. 
We are selling the most expensive 5000 hours at 350 DKK/MWh. Deducting levy 
and service fee of 8 DKK/MWh, the total selling price is 342 DKK/MWh. 
 

3.2. Electricity prices in the future 

 
Future electricity prices are here constructed from the Danish Climate 
Commission's prediction for 2050 (wind turbines dominate more than today).  
 
In the figure below 2012 prices (blue) are shown together with the Climate 
Commission's price curve for Western Denmark in 2050 (green) and a 
constructed cost-picture (red), which is adapted as well as possible to the green 
line, especially with regard to the extreme prices.  
 
The annual average of the Climate Commission prices is 383 DKK/MWh, ie. 
approx. 100 DKK/MWh higher than 2012. The average of the cheapest 2500 
hours is 78 DKK/MWh (against 158 DKK/MWh in 2012, see Section 3.1), while 
the average of the 5000 most expensive hours was 603 DKK/MWh (against 350 
DKK/MWh in 2012). 
 

 

 
 

The engineered prices (the red curve) are used in this report, partly because 
prices so many years into the future cannot be predicted with the precision 
suggested by the Climate Commission, partly because this way it is easier to 
construct other price scenarios with differing expectations to price fluctuations for 
the sake of sensitivity analyses.  
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Another challenge is to predict the evolution of levies and duties. Obviously, this 
is associated with great uncertainty. If the existing regime would be maintained 
the next 40 years, the PSO tariff is destined to increase, as revenue from this 
tariff is used a.o. to subsidize wind generated electricity. However, here it is 
assumed that levies and duties are maintained unchanged. 

4. Case 1: Electricity storage 
 
The objective of this case is electric grid balancing by means of an electricity 
store, comprising an electrolyser, a hydrogen store, and a fuel cell as key 
components. The plant will purchase electricity, when this is cheap, and sell 
electricity, when the price is high. 
 

4.1. Specific assumptions and preconditions 
 
It is assumed that the use of hydrogen for electricity storage will not be financially 
feasible before 2020. Thus, although data suppliers have delivered data for 2015, 
2017, 2020, 2025, and 2035, only data for 2020, 2025, and 2035 are presented 
below. 

4.1.1. Technical data 

 
Alkaline electrolyser 
 
One module 2020 2025 2035 
Electric capacity MW 0.25 2 3 
Efficiency, electricity to hydrogen % 93.2 95.7 95.7 
Hydrogen pressure bar 50 50 50 
Heat utilization % 0 0 0 

(ref. 8) 

 
Solid oxide electrolyser 
 
One module 2020 2025 2035 
Electric capacity MW 0.825 2 4 
Efficiency, electricity to hydrogen % 93.2 93.3 93.2 
Hydrogen pressure bar 50 50 50 
Heat utilization % 3.0 1.8 1.3 

(ref. 9) 

 
Hydrogen store 
Pressure: 40 bar. 
Storage capacity per storage tank: 5000 Nm3, approx. 420 kg (ref. 11) 
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Fuel cell 
The below data are for a PEM fuel cell: 
 
One module 2020 2025 2035 
Electric capacity MW 0.5 0.625 1.0 
Efficiency, hydrogen to electricity % 40 40 40 
Heat utilization % 42 42 42 
Hydrogen consumption Nm3/hour 350 440 700 

(ref. 10) 

 
Inverter/transformer 
Efficiency, low voltage DC to HVAC: 92 %. 
 
Overall energy balance 
Electricity efficiency (HVAC to HVAC), 2012/2020: 32/47 %. 
Heat utilization, 2012/2020: 43/35 %. 
 

4.1.2. Operational data 

 
Alkaline electrolyser 
The number of operational hours mentioned in the below table is only an 
example for illustration. 
 
 2020 2025 2035 
Number of modules  54 26 18 
Operation, equivalent full-load hours/year 2500 2500 2500 
Electricity purchase GWh/year 35.9 138 144 
Hydrogen production tonnes/year 798 3160 3280 
Heat generation GWh/year 0 0 0 
Water consumption m3/year 4570 18100 18800 

(ref. 8) 

 
Solid oxide electrolyser 
The number of operational hours mentioned in the below table is only an 
example for illustration. 
 
 2020 2025 2035 
Number of modules  17 27 18 
Operation, equivalent full-load hours/year 2500 2500 2500 
Electricity purchase GWh/year 37.3 144 192 
Hydrogen production tonnes/year 829 3190 4260 
Heat generation GWh/year 1130 2510 2390 
Water consumption m3/year 4750 18300 24400 

(ref. 9) 
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PEM fuel cell 
The number of operational hours mentioned in the below table is only an 
example for illustration. 
 
 2020 2025 2035 
Number of modules  5 16 10 
Operation, equivalent full-load hours/year 4000 5000 5000 
Electricity generation GWh/year 10 50 50 
Hydrogen consumption tonnes/year 629 3150 3150 
Heat generation GWh/year 10.5 52.5 52.5 

(ref. 10) 
 

4.1.3. Financial data 

 
Alkaline electrolyser and transformer 
 
 2020 2025 2035 
Nominal investment cost 
(CAPEX) 

DKK/(Nm3/hr) 10000 8000 6000 

Nominal investment cost DKK/kW 2740 2190 1640 
Operation and maintenance cost % of CAPEX 

per year 
2 2 2 

(ref. 8) 

 
Solid-oxide electrolyser and transformer 
 
 2020 2025 2035 
Nominal investment cost 
(CAPEX) 

DKK/(Nm3/hr) 20000   

Nominal investment cost DKK/kW 6000 4000 3000 
Operation and maintenance cost % of CAPEX 

per year 
5 4 3 

(ref. 9) 

 
Hydrogen store 
Two quite different prices for hydrogen stores (40 bar) have been used in the 
project:  
 
1.  Nominal investment (2020): 105 €/kg (ref. 5). 

Nominal operation and maintenance: 1 % of initial investment per year.  
 
2.  Storage capacity per storage tank: 5000 Nm3 or 420 kg. 

Investment, 2020: 3.845 mio. DKK. 
Nominal investment: 770 DKK/Nm3, or 9200 DKK/kg (ref. 11). 

 
Alternative 1 has been used for the purpose of this memo, in agreement with the 
optimistic approach of the project. 
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PEM fuel cell 
 
 2020 2025 2035 
Nominal investment cost DKK/kW 14000 9000 5000 
Operation and maintenance cost DKK/MWh 100 70 50 

(ref. 10) 

 
Inverter/transformer (DC to HVAC) 
Nominal investment: 8 million DKK per MW. 
Total investment: 14 million DKK 
Nominal operation and maintenance: 150 DKK/MWh (including reinvestments) 
Total operation and maintenance: 1.31 million DKK per year 
 
Balance of plant 
Balance of plant (BoP) is everything else than process and mechanical 
equipment, i.e. other than electrolyser, hydrogen store, and fuel cell. The cost of 
BoP is 62 % of the investments in process and mechanical equipment or 38 % of 
total investment cost (ref. 11). 
 

 

4.2. Analyses 
 

4.2.1. Main results 

 
The table below shows key data of the financial analysis: 
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It appears that the income from selling electricity (i.e. 3.1 million DKK in 2020) is 
less than the cost of buying electricity (11.3 million DKK in 2020), and thus it is 
not possible to repay the investment. The two major reasons for this unfortunate 
situation are: 

1. The overall storage efficiency (from electricity in to electricity out) is 33 %, 
and thus the amount of purchased electricity is three times the amount of 
electricity sold. 

2. Taxes and levies on electricity purchase is quite substantial, same order 
of magnitude as the spot market price. 

 

4.2.2. Sensitivity analyses 

 
A number of sensitivity analyses have been carried out, varying the installed 
capacities and operational hours, e.g. more hours to electrolysis (hence lower 

Capacities and operation 2020 2025 2035

Electrolysis

Electric capacity per module MW 0.250 2.0 3.0

Number of modules 32 26 18

Total installed capacity MW 8.0 52.0 54.0

Operational time hours/year 2500 2500 2500

Electricity purchase MWh/year 21277 138298 143617

Hydrogen production tons/år 473 3158 3279

Fuel cell, PEM

Electric capacity per module MW 0.5 0.625 1.0

Number of modules 3 16 10

Toptal installed capacity MW 1.5 10 10

Operational time hours/year 5000 5000 5000

Electricity sales MWh/year 7500 50000 50000

Hydrogen consumption tons/år 472 3146 3146

Investments

Electrolysis million DKK 21 114 89

Hydrogen store million DKK 4           26         27       

Fuel cell, PEM million DKK 21 90 50

Balance of plant million DKK 28 142 103

Total million DKK 74 372 268

Financial balance

Average electricity tariff, spot market DKK/MWh 270 250 210

  Taxes and levies DKK/MWh 261 261 261

Gross electricity purchase price DKK/MWh 531 511 471

Average electricity tariff, spot market DKK/MWh 420 436 469

  Taxes and levies DKK/MWh 8 8 8

Gross electricity sales price DKK/MWh 412 428 461

Capital cost mill. DKK/year -5.4 -27.2 -19.6

Operation and maintenance mill. DKK/year -2.4 -13.9 -12.4

Electricity purchase mill. DKK/year -11.3 -70.7 -67.7

Electricity sales mill. DKK/year 3.1 21.4 23.0

Heat sales mill. DKK/year 3.0 20.0 20.0

Annual balance, total costs mill. DKK/year -5.4 -70.4 -56.7 
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installed capacity) together with more hours to the fuel cells (hence higher 
installed capacity). This does not change the overall picture significantly. The 
optimum operational strategy is to let all equipment stay idle. 
 
To illustrate the significance of some key parameters on the overall economy, the 
results of other sensitivity analyses are described below. All these analyses are 
using the above mentioned data for 2035 as reference. 
 
Investment costs 
Reducing the total investment by 30 %, from 268 to 188 million DKK, will improve 
the annual balance by 10 %, from -56.7 to -50.8 million DKK per year. 
 
Energy efficiencies 
The efficiency of the electrolyser is 96 %, while the efficiency of the fuel cell is 40 
%, giving an overall electricity storage efficiency of 33 %, high voltage AC to high 
voltage AC.  
 
Improving the component efficiencies to 98 and 65 % respectively will give an 
overall electricity storage efficiency of 55 %. Thereby, the total installed 
electrolyser capacity may be reduced from 54 MW to 33 MW. The annual 
balance will improve by 44 %, from -56.7 to -31.7 million DKK per year. 
 
Electricity prices 
Reducing the average purchase price by 30 %, from 210 to 188 DKK/MWh and 
increasing the average sales price by 30 % from 469 to 546 DKK/MWh will 
improve the annual balance by 13 %, from -56.7 to -49.5 million DKK per year. 
 
Selling oxygen 
Electrolysis produces hydrogen and oxygen. In the main calculation oxygen is 
assumed discarded as useless. Assuming the oxygen sold at 3 DKK/kg will 
improve the annual balance from -56.7 to -6.6 million DKK per year. However, 
experts have informed us that selling oxygen is not feasible. 
 
Taxes and levies 
As described in section 3.1, the PSO levy is the dominating add-on to the market 
price of electricity. If hydrogen production is exempted from this levy (assumed 
constant 161 DKK/MWh throughout the years), the gross electricity purchase 
price will be reduced from 471 to 310 DKK/MWh, thereby improving the annual 
balance by 41 %, from -56.7 to -33.5 million DKK per year..   
 
Aggregate impact 
Combining all above-mentioned improvements, ‘Investment costs’, ‘Electricity 
prices’, ‘Energy efficiencies’, and ‘Taxes and levies’ (except ‘Selling oxygen’) will 
improve the annual balance by 87 %, from -56.7 to -7.5 million DKK per year. 
Noteworthy, the balance is still negative. 
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5. Case 2: Hydrogen in the city gas grid 
 
The objective of this case is to produce hydrogen, when the electricity price is 
low, store the hydrogen and inject it into the Copenhagen city-gas grid. Today, 
Copenhagen city gas is composed of natural gas, biogas and atmospheric air in 
equal shares. Biogas is added in one of the two mixing stations.  
 
HOFOR suplies 23 million m3 town gas annually to 150,000 customers. The total 
city gas network consists of 860 km of pipelines. The demand is expected to 
remain largely unchanged towards 2025, but spread over fewer customers with a 
higher average consumption.  
 
City gas has since 2007 been produced by mixing natural gas and air (city gas 
2). Previously, the difference between production and consumption was balanced 
by large gas stores. With the transition to city gas 2, it has been possible to 
adjust production to demand in real time, avoiding gas storage. This has reduced 
costs to a.o. maintenance and yielded lower SOx and NOx emissions per m3. 
 
The ambition is to substitute all natural gas by green gasses by 2025.  
 
Two different technologies are analyzed in this chapter: 

• Direct injection of hydrogen into the city-gas grid, section 5.1. 

• Methanisation of biogas and subsequent injection into the city-gas grid, 
section 5.2 

 

5.1. Direct injection, assumptions and preconditions 
 
Due to the elimination of large gas stores, any addition of hydrogen must be 
delivered in a continuous flow at the low-pressure side of the process plant. This 
means that the hydrogen shall be supplied at a gauge pressure of about 1 bar to 
be able to mix properly. 
 
According to the Danish Gas Technology Centre (DGC) transport of hydrogen in 
the city gas network does not pose major problems. The challenges are mainly 
related to hydrogen storage, blending and mixing as well as gas quality and 
properties of the gas mixture. 
 
In October 2013 began HOFOR to mix 30 % biogas from wastewater treatment 
to the city gas. If hydrogen is added to this mixture, the following gases will be in 
the network: Biogas (CH4, CO2), natural gas (CH4) , air (N2, O2) and hydrogen 
(H2) . Especially the mixture of O2 and H2 can be dangerous. It is therefore 
recommended to keep the hydrogen amount to a few percent. With the current 
production, 1% (vol.) hydrogen will constitute approximately 630 m3 per day. 
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5.1.1. Technical data 

 
Alkaline electrolyser 
 
One module 2020 2025 2035 
Electric capacity MW 0.25 2 3 
Efficiency, electricity to hydrogen % 93.2 95.7 95.7 
Hydrogen pressure bar 50 50 50 
Heat utilization % 0 0 0 

(ref. 8) 

5.1.2. Operational data 

 
Alkaline electrolyser 
The number of operational hours mentioned in the below table is only an 
example for illustration. 
 
 2020 2025 2035 
Number of modules  54 26 18 
Operation, equivalent full-load hours/year 2500 2500 2500 
Electricity purchase GWh/year 35.9 138 144 
Hydrogen production tonnes/year 798 3160 3280 
Heat generation GWh/year 0 0 0 
Water consumption m3/year 4570 18100 18800 

(ref. 8) 

 
It is assumed that natural gas, air, biogas and hydrogen are mixed in ratios 1.0 / 
1.0 / 1.0 / 0.09 volumetric (hydrogen 3 % of total blend), equivalent to an energy 
mixing ratio of 40 / 0 / 22 / 3. Thus, hydrogen would contribute to 5 % of the 
energy content. 
 
A hydrogen production of 1.4 million m3/year at atmospheric pressure is 
equivalent to 155 m3/hour constant flow. 
 

5.1.3. Financial data 

 
Alkaline electrolyser and transformer 
 
 2020 2025 2035 
Nominal investment cost 
(CAPEX) 

DKK/(Nm3/hr) 10000 8000 6000 

Nominal investment cost DKK/kW 2740 2190 1640 
Operation and maintenance cost % of CAPEX 

per year 
2 2 2 

(ref. 8) 

 
Hydrogen store 
Pressure: 40 bar. 
Nominal investment (2020): 105 €/kg (ref. 5). 
Nominal operation and maintenance: 1 % of initial investment per year.  
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Balance of plant 
Roughly estimated (based on data from HMN Naturgas) at 0.7 million DKK for 
injection unit, 1 million DKK for gas chromatograph and 0.5 million DKK for other 
equipment, in total 2.2 million DKK. 
 

5.1.4. Analyses 

 
The below table shows the main results of the economic calculation: 
 

 
 
It is assumed that there will be no heat sales, as the temperature of the excess 
heat is too low, and that it will not be feasible to sell the produced oxygen. 
 
The idea is to calculate the economic value of hydrogen, when sold as town gas.  
All expenses and incomes are added, resulting an annual net expense of 1.3 
million, which divided by the quantity hydrogen, gives a ‘balanced’ hydrogen price 
of next to 3 DKK/kWh. This is then compared to the price of natural gas, which is 
about 10 times cheaper. Thus, this is not good business.  
 
Ignoring all tariffs and taxes on electricity, the balanced hydrogen price comes to 
around 1.70 DKK/kWh, still too expensive.  
 
The costs of natural gas and biogas have not been included in the above 
calculation. 

 

5.2. Methanation of biogas 
 
If you want a higher blend than a few percents hydrogen, the hydrogen may be 
used to upgrade the CO2 component of biogas into methane, such as in a so-
called Sabatier process: CO2 + 4H2 -> 2H2O + CH4. The Sabatier process is well 
known, but only on a small scale. 
 
Another process, which has been developed by Danish company Haldor Topsøe 
A/S, is currently being demonstrated.  
 

2020 2025 2035

El spotpris, gns., købstimer kr/MWh 205 205 205

  Tariffer, afgifter og el-handler kr/MWh 261 261 261

El købspris, gns., brutto kr/MWh 466 466 466

El køb Mkr/år 1.02 0.99 0.99

Kapitaludgifter Mkr/år 0.23 0.23 0.22

Drift og vedligehold, samt ressourcer Mkr/år 0.08 0.08 0.08

I alt Mkr/år 1.33 1.29 1.29

Balanceret pris for brinten kr/Nm3 2.46 2.40 2.38

      - do - kr/kg 29.32 28.54 28.34

      - do - kr/kWh 2.97 2.89 2.87

Naturgas indkøbspris kr/m3 3.00

      - do - kr/kWh 0.27
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The goal of the project, supported by the EUDP, is to demonstrate process 
efficiencies (electricity to methane) of 75-80 % and that the produced methane 
has a quality that meets the requirements of the natural gas network. Foulum 
Biogas plant will supply biogas to the plant. The demonstration project is 
expected to be operational by autumn 2014. 
 
In this project, biogas is upgraded by means of Solid Oxide Electrolyser Cells 
(SOEC). Steam is added to biogas and the CO2 content can be co-electrolyzed 
generating a CO rich synthesis gas. The synthesis gas is then methanated. 
Waste heat from the methanator is used as feed for the SOEC. 
 

5.2.1. Technical description 

 
A SOEC biogas upgrading plant based on steam electrolysis is schematically 
shown in the below figure. It basically consists of four major building blocks: The 
SOEC plant producing hydrogen from steam and power from the grid.  

1. A biogas clean up unit, which removes organic sulfur compounds, oxygen 
and other obnoxious compounds, which would be harmful for the methanator 
catalyst.  

2. A methanation plant, where the CO2 content in the cleaned biogas is 
converted with hydrogen from the SOEC plant into additional methane.  

3. The heat from the methanator is used to generate steam, which is used in 
the SOEC plant.  

4. A final gas conditioning unit. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Simplified flow sheet of steam electrolysis (ref. 12). 
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5.2.2. Energy balance 

 
The table shows the energy and methane balances for a plant with a biogas input 
of 7.5 Nm3 per year (ref. 12): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2.3. Analysis 

 
The following table shows a simple economic calculation, based on a plant with 
the above characteristics: 
 
 

 

 

 

 

 

 

 

 
Operation and maintenance costs have been ignored. Still, the cost of methane is 
well above the purchase price of natural gas, around 3 DKK/m3.  
 
However, upgraded biogas is offered a subsidy of 79 DKK/GJ (= 2.68 DKK/Nm3) 
plus a temporary subsidy of 36 DKK/GJ, which is gradually reduced to nill by 

Exergy balance

Electricity

Input 678 3916 kW

Compressors + preheater 25 207 kW

To SOEC 653 3709 kW

SOEC

Electricity 653

Hydrogen 626

SOEC efficiency 95.9 %

Methanator

Hydrogen 626

Biogas 1000 5776 kW

SNG 1541 8917 kW

Methanator efficiency 94.8 %

Power-to-gas efficiency 80.2 %

CH4 balance

Biogas ind 7.5 mill. Nm3/year

CH4 ind 4.9 mill. Nm3/year

CH4 ud 7.5 mill. Nm3/year

Mer CH4 udbytte 2.6 mill. Nm3/year

Investment 29 million DKK

Capital cost 1.49 million DKK per year

Operational time 8500 hours/year

Electricity purchase 12.1 million DKK per year

Total annual costs 13.6 million DKK per year

Cost of additional methane 5.14 DKK/Nm3

Subsidy to upgraded biogas 2.68 DKK/Nm3

Net cost of additional methane 2.46 DKK/Nm3
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2024. Taking the base subsidy into account may make methanation economically 
attractive, according to the above table, and thus more elaborate analyses are 
needed, when the technology has been successfully demonstrated.  
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