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2 WP2: Framework conditions and market drivers 

(Overview)   

 

The project 'CopenHydrogen, Power balancing and storage I ' (2013.04.02-2014.04.30) aims analyse power 

balancing and energy storage using hydrogen and fuel cell technologies interacting with the electricity, heat 

and gas supply. 

In work package 2 'Framework conditions and market drivers' (WP2) the objectives are to provide an 

overview of economic opportunities and risks influencing investments and operation for this technology. 

These WP2 objectives are addressed both from the point of view of a corporate or project investor and 

from a socio-economic point of view.  The main results, the approach applied, the basic assumptions and 

conclusions are described in: 

 WP2  CopenHydrogen: Corporate economic analyses 
http://www.KK?....dk/CopenHydrogen/Copenhydrogen WP2 Corporate economic analyses  

 

 WP2  CopenHydrogen:  Socio-economic analyses  (Present report) 
http://www.KK?....dk/CopenHydrogen/Copenhydrogen WP2 Socio-economic analyses 

Details on the overall CopenHydrogen project are reported in http://www.KK?....dk/CopenHydrogen.  

The present report is a deliverable from the project CopenHydrogen on the WP2 Socio-economic analyses. 

(http://www.KK?....dk/CopenHydrogen/Copenhydrogen WP2 Socio-economic analyses)  

  

http://www.kk/?....dk/CopenHydrogen/Copenhydrogen
http://www.kk/?....dk/CopenHydrogen/Copenhydrogen
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3 CopenHydrogen: Samfundsøkonomiske analyser ( 

Danish summary) 

 

3.1 Metode 

 

Projektet sigter mod at analysere og demonstrere udnyttelsen af brint og brintbaserede teknologier som 

middel til balancering og regulering af el-systemer. 

 

Det danske elsystem forventes i stigende grad at blive afhængigt af vindkraft og andre fluktuerende 

energikilder og elforsyningsanlæg. Såkaldt 'el-overløb' eller 'overskuds el-produktion' opstår i situationer og 

på tidspunkter, hvor el-produktionen overstiger el-efterspørgslen, og skal ud-balanceres eller udjævnes. 

Dette er nødvendigt for at holde el-systemet og el-nettet stabilt samt for at opretholde den ønskede el-

kvalitet til forbruget. Retablering af balance i en situation med 'el-overløb' kan opnås ved at reducere 

produktionen, f.eks. ved nedregulere vindkraftproduktion i perioder med ubalance, og/eller ved at øge 

elforbruget.    

      

En øgning af elforbruget ved initiering af elektrolytisk brint-produktion er centralt i CopenHydrogen 

projektet. El-baseret brintproduktion via elektrolyse kan således bidrage til at opretholde eller genskabe 

balancen i el-nettet. 

 

Analyserne i CopenHydrogen projektet fokuserer på 3 anvendelser for den elektrolytisk producerede brint 

på 'overskuds-el'. Brinten tænkes anvendt enten: 

 

- som drivmiddel til transport, hvor den substituerer benzin, eller 

- til kontrolleret injektion i bygasnet (Københavns bygasnet), hvor naturgas (NG) substitueres, eller 

- som brændsel til brændselscelle (FC) (i el-lager system) til el- og varmeproduktion (CHP). 
 
Øget elforbrug som led i balancering af el-systemet vil ske på de tidspunkter, hvor el-systemet er i el-
overskud. Disse tidspunkter er karakteriseret ved at elprisen på balance-markedet er lavere end (den 
normale) pris på spot-markedet. Via de relativt lavere priser på balance-markedet giver el-markedet således 
et incitament til at øge forbruget - for at fastholde eller retablere balancen i el-systemet.  
 
Tilsvarende, hvis el-systemet er i den modsatte situation og er i underskud af el-produktion i.f.t. forbruget, 
så stiger elprisen på balance-markedet. Kundernes reaktion kan da være at udskyde elforbruget, og i vores 
situation undlades eller stoppes den elektrolytiske brint-produktion. 
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3.2 Basale antagelser og forudsætninger for de samfundsøkonomiske 

analyser 

 
Antagelser om den fremtidige udvikling i energi priser, tariffer på transmission og distribution af el (på 
samfundsøkonomisk grundlag) og emissioner er i de gennemførte analyser baseret på de seneste 
fremskrivninger udarbejdet af Energistyrelsen (Danish Energy Agency DEA) fra 2012. Og anvendte 
detaljerede el-markeds data for priser på timebasis m.v. er baseret på Nord Pool statistik for 2012 for DK-
East. Fremskrivningen af timepriser er forudsat at følge samme udviklingstakt som Energistyrelsens 
samfundsøkonomiske elpriser. 
 
De ovenfor nævnte brint-baserede del-systemer er i CopenHydrogen Arbejdspakke 2 (WP2) simuleret i 
vekselvirkning med det estimerede fremtidige el-marked for perioden 2021 til 2040.  Rapportens 
simuleringer fokuserer på del-systemernes marginale vekselvirkning med det estimerede balance marked 
(eller reguler-kraft marked) gennem perioden 2021-2040. 
 
Analyserne, der præsenteres, er opdelt i to tilfælde, som henholdsvis inkluderer el-transmissions tarif 

(base case) eller ekskluderer el-transmissions tarif i elprisen for elektricitet handlet på balance-markedet. 

(De detaljerede resultater for disse to situationer er placeret i rapportens afsnit 4.4.1 og 4.4.2.) 

Generelt for de præsenterede analyser gælder at delsystemernes komponentsammensætning er 

'normeret' ud fra den forudsætning, at kapaciteten på elektrolyse-delen i systemerne er 1MW elektrisk.   

 

3.3 Resultater 

 

Generelt gælder for de 3 analyserede cases:  
 
For at opnå samfundsøkonomisk balance eller 'Break-Even' vil de 3 tilfælde kræve betydelige øgede 
indtægter og/eller tilsvarende lavere omkostninger. På det foreliggende datagrundlag fremgår dette af 
beregningerne, dog med undtagelse af følgende case: Elektrolytisk produktion af brint udnyttet som 
drivmiddlel i transportsektoren, når det forudsættes, at el-transmissions tariffer ekskluderes.   
 
Det skal understreges, at analysen er baseret på meget usikre og ufuldstændige data. Således er en række 

forhold af relevans for den samfundsøkonomiske vurdering ikke medtaget grundet manglende data. Det 

drejer sig bl.a. omkostninger til placering, infrastruktur, balance-of-plant og bemanding.  

Eksternaliteter er ikke inkluderet, herunder miljømæssige konsekvenser (bortset fra CO2) og konsekvenser 

for energiforsyningssikkerheden, beskæftigelse og velstand. Det skal bemærkes, at de fleste af sådanne 

eksternaliteter vil, hvis de var medregnet, forbedre samfundsøkonomien for de beregnede tilfælde. 
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3.3.1 Del-systemernes drifts og totale omkostninger med transmissions-tariffer Inkluderet 
 

Købspriser på elektricitet (an del-system og ab 10kV net) forudsættes i denne del af analysen at inkludere 

omkostninger til levering på anvendelsesstedet af den indkøbte elektricitet på balance-markedet.  

Det er endvidere forudsat, at de salgspriser på el, som et el-lager kan opnå ved salg til balance-markedet 

ved behov for OP regulering, derudover indeholder en betaling for levering af el-produktionen ind på 10kV 

net niveau. Og videre, at denne betaling ved salg på 10kV niveau svarer til leveringsomkostningerne eller 

transmissions-tariffen ab 10kV niveau ved et el-køb. 

Jf. Energistyrelsens fremskrivninger forventes sådanne leveringsomkostninger eller net-tariffen at udgøre 

229DKK/MWh (udtrykt i 2012 prisniveau) ved udtag fra 10kV nettet. 

  

Table 1 Estimerede samfundsøkonomiske elpriser i middel INklusiv transmissions tarif ab 10kV net 

 Nord Pool 
2012 
faktor 

Nord Pool  and  DK-East estimeret 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

  Op Nord Pool + transmission   856 

Op    1.50 Op  Balance markedet 627 

 1 Middel SPOT markedet 417 

Ned  0.66 Ned  Balance markedet 273 

  Ned Nord Pool + transmission   502 

 

 

Table 2 Del-systemernes driftsomkostninger og totale projektomkostninger INklusiv transmissions tarif: 
Samfundsøkonomiske resultater i oversigt. Analyseresultater for brintbaserede anlæg etableret år 2020. 
Analysen dækker anlæggenes drift gennem perioden 2021-2040. Prisniveau:  2012. 

Elektricitets-priser 
INklusiv Transmissions Tarif 
 
H2 baseret del-system 

Periode 2021-2040 
 

El-handel: Kun via Balance (eller Reguler-kraft) markedet  
(Konventionel cost-benefit analyse) 

Elektrolytisk produktion af H2  
 
anvendt til: 

NETTO  
DRIFTSOMKOSTNINGER 

mio. DKK 

TOTALE  
PROJEKTOMKOSTNINGER 

mio. DKK 

   

Drivmiddel til transport -1.525 7.197 

   

Injektion i Kbh. Bygas-net 8.565 17.287 

   

CHP via FC  (42%el.eff.) 5.204 21.405 

CHP via FC  (60%el.eff.) 1.145 20.203 
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Af Table 2 fremgår, at de beregnede netto driftsomkostninger for del-systemet med beskrivelsen 

'Elektrolytisk produktion af H2 anvendt som drivmiddel til transport' er negative, - hvilket udtrykker at 

driften for dette anlæg samlet set over perioden 2021-2040 genererer et drifts-overskud på i alt 

+1.525mio.DKK. Dette driftsoverskud kan imidlertid ikke dække investeringsomkostningerne for anlægget. 

Som det videre fremgår af tabellen, så er de totale projektomkostninger 7.197mio.DKK over perioden, og 

investeringen i anlægget er således tabsgivende under de givne antagelser med et forventet samlet tab på 

7.197mio.DKK over perioden 2021-2040.    

Det skal imidlertid understreges at dette resultat gælder under forudsætning af, at brint til transport 

substituerer benzin i en mængde, der er direkte baseret på energibærernes energiindhold. Hvis det 

forudsættes at én energienhed brint vil kunne substituere mere end én energienhed benzin så kan 

konklusionen være anderledes, og resultater vil forskydes i retning mod gunstige og positive totale 

projektomkostninger. Det kunne eksempelvis være konsekvensen, når det antages at FC-baserede elbiler 

på brint kan give højere effektivitet og yde et større transportarbejde end benzindrevne ditto.  

For de øvrige analyserede del-systemer viser beregningerne negative netto driftsresultater og betydelige 

underskud for de totale projekter. 

 

 

3.3.2 Del-systemernes drifts og totale omkostninger med transmissions-tariffer Ekskluderet  
 

I denne del af analysen antages det, at købspriser og salgspriser på elektricitet (an/ab del-system og 10kV 

net) ikke vil inkludere omkostninger til levering over transmissionsnettet. Analysens forudsatte elpriser er 

nu de samme som priserne på balance-markedet, som disse er estimeret for perioden 2021-2040. 

Elpriserne set af del-systemerne er nu balance-markedets time-priser. Og i middel på balance-markedet vil 

priserne være som vist i Tabel 3.   

 

Table 3 Estimerede samfundsøkonomiske elpriser i middel EKSklusiv transmissions tarif  

 Nord Pool 
2012 
faktor 

Nord Pool  and  DK-East estimeret 
2021-2040 

 

 
 
DKK/MWh 

Op    1.50 Op  Balance markedet 627 

 1 Middel SPOT markedet 417 

Ned  0.66 Ned  Balance markedet 273 
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Table 4 Del-systemernes driftsomkostninger og totale projektomkostninger EKSklusiv transmissions tarif: 
Samfundsøkonomiske resultater i oversigt. Analyseresultater for brintbaserede anlæg etableret år 2020. 
Analysen dækker anlæggenes drift gennem perioden 2021-2040. Prisniveau:  2012. 

Elektricitets-priser 
EKSklusiv Transmissions Tarif 
 
H2 baseret del-system 

Periode 2021-2040 
 

El-handel: Kun via Balance (eller Reguler-kraft) markedet  
(Konventionel cost-benefit analyse) 

Elektrolytisk produktion af H2  
 
anvendt til: 

NETTO  
DRIFTSOMKOSTNINGER 

mio. DKK 

TOTALE  
PROJEKTOMKOSTNINGER 

mio. DKK 

   

Drivmiddel til transport -12.521 -3.799 

   

Injektion i Kbh. Bygas-net -2.431 6.290 

   

CHP via FC  (42%el.eff.) -0.697 15.503 

CHP via FC  (60%el.eff.) -3.087 15.971 

   

 

Som det fremgår af Tabel 4, så vil de tre analyserede brint-baserede systemer alle kunne levere positive 

driftsresultater (eller negative driftsomkostninger), når el-transmissionsomkostningerne sættes til nul. Alle 

anlæggene vil nu kunne generere driftsoverskud. 

For anlægget, der producerer brint til transport, vil de akkumulerede driftsoverskud gennem perioden 

2021-2040 endvidere kunne dække investeringsomkostningerne. De totale projektomkostninger vil være 

på ca. -4mio.DKK, eller have en nuværdi på ca. + 4mio.DKK set over den 20-årige periode. 

For de øvrige del-systemer kan de akkumulere driftsoverskud ikke dække de forudsatte investeringer. 

 

 

3.4 Anbefaling  

 

Elektrolytisk brintproduktion for anvendelse i transportsektoren kan udgøre et interessant potentiale, hvis 

efterspørgsel på brint som drivmiddel til transport udvikler volumen på sigt.  
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4 CopenHydrogen: Socio-economic analyses (SUMMARY)  

 

4.1 Approach 

The project aims to analyse and demonstrate the use of hydrogen and hydrogen technology as means to 

balance power systems.  

 

The Danish power system is expected increasingly to be depending on wind power and fluctuating power 

supplies. So-called ‘surplus’ or ‘excess’ power production, that occur in situations when the power 

generation exceeds the demand, must be balanced or levelled out. This is achieved either by reducing 

production or by increasing power consumption. 

 

Increased consumption by initiating electrolytic hydrogen production is the focus of the CopenHydrogen 

project. Thus, hydrogen production via electrolysis is aimed to help maintain (or re-establish) balance in the 

power grid.  

 

The hydrogen generated from ‘surplus’ electricity is then used either: 

- as a fuel for transport substituting gasoline, or 

- for a controlled injection into the Copenhagen town gas grid substituting gas (NG), or  

- as fuel for fuel cells  (in electricity storage system) generating electricity and heat (CHP). 
 
Power consumption initiated to balance the power system must take place at periods of time where the 
power system is in surplus. Such hours are characterised as the hours where the electricity price at the 
electricity balance market is below the (‘normal’) spot market electricity price. The market in these 
situations, thus encourage further electricity consumption via low prices in order to maintain or re-
establish system balance.   
 
Likewise, if the power system is in the opposite situation, in a deficit of generation capacity at the hour 
relative to the demand, prices at the balance market increase. Customers respond may be to postpone 
consumption and stop purchase from the balance market and in our case the electrolytic hydrogen 
production is stopped. 
 
 

4.2 Basic assumptions for the socio-economic analyses 

 
Assumptions on future energy prices (at socio-economic basis) and emission developments are forecast 
data published by the Danish Energy Agency DEA 2012. And detailed electricity market data with hourly 
time resolution are based on the year 2012 Nord Pool statistics for DK-east. 
 
For the present CopenHydrogen phase I project the WP2 analyses are based on an estimation approach for 
the description of the future (spot and balance) electricity markets. (For the planned phase II analyses these 
limits are removed). Energy system modelling and simulations are carried out to analyse energy conversion 
and to determine component capacities (and investments required).  
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These analyses (for CopenHydrogen phase I) are marginal and includes a limited description of the 
interaction between subsystems and the future overall system. The marginal interaction implies e.g. that 
the proposed subsystems do not impact prices at the future electricity markets. This is acceptable for 
smaller sub-systems, but for larger systems this limitation must be overcome.    
 
Assumptions on future electricity prices (at socio-economic basis) and transmission costs are forecast data 
published by the Danish Energy Agency DEA 2012. And (as mentioned above) detailed future electricity 
market data with hourly time resolution are estimated based on year 2012 Nord Pool statistics for DK-east. 
 
Estimated electricity spot and balance market prices for 2021-2040 with hourly time resolution are derived 

via scaling. The (historic) spot and power regulation market or balance market prices observed for 

NordPool DK-East 2012 are scaled using forecast data (from DEA 2012) covering the period up to 2035. 

Data for 2036-2040 are assumed constant at the 2035 level.    

The analyses are split into two main cases according to the inclusion or exclusion of electricity transmission 

costs or tariffs. Transmission tariffs assumed are based on the DEA 2012 forecast data for electricity 

purchased from the 10kV power grid.  

Inclusion or exclusion of transmission costs is important in particular for the analysis of an electricity 

storage system. Say, as an illustration, that an electricity store with 50% efficiency requires purchase of 

2MWh electricity for later selling 1MWh electricity. Selling 1MWh may include getting back the 

transmission cost of 1MWh electricity, whereas transmission costs for 2MWh purchased was paid for the 

storage input. Thus low transmission and distribution tariffs benefit storage projects.      

A number of tariff combinations may be envisaged. Here it has been chosen to split the analysis in the two 

cases, with or without the inclusion of transmission tariffs. (This may be relevant for DSO's and TSO's 

respectively).  These two cases are presented in sections 4.4.1 and 4.4.2. Asymmetric situation for the 

purchase case and the sales case of power regulating (, e.g. purchase prices including tariffs and selling 

without earning back a tariff, and visa versa,) may be argued for. However such situations are not included 

in the present analysis.   

 

Generally for the socio-economic analyses presented in the following and for the basic technical 

simulations carried out it is assumed that the capacity of the electrolysis part of the sub-systems is  1MW 

electric.  Via scaling from the specific results for the 1 MWe based sub-systems consequences for other 

installed capacities may be estimated.  
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4.3 Main results 

 

Generally, for the three cases analysed:  
 
To reach socio-economic balance or break-even the annual income should increase considerable, or the 
costs should decrease correspondingly (or a combination of both). Results show this generally, except for 
the case ' electrolytic hydrogen production as fuel for transport'. 
 
It must however be emphasised, that the present analysis is based on very uncertain and un-complete data. 
A number of issues relevant for the socio economic evaluation have not been taken into account (due to 
lack of data). As will be pointed out in this report important cost elements (e.g. related to site 
infrastructure, the balance of plants and man-power) are not explicitly addressed.    
 

Furthermore, externalities are not included. These may be difficult to monetise. Examples are consequences 

for the security of energy supplies and energy self-sufficiency, environmental consequences (apart from 

CO2 that are quantified and monetised), and e.g. effects for employment and wealth. It should be noted 

that most such externalities tend to act in favour of the present projects.  

 

 

4.3.1 Sub-system operation and total project costs INcluding transmission tariffs 
 

Electricity purchase prices and sales prices are in the following case assumed to include transmission costs 

or transmission tariffs. Electricity purchased from the 10kV grid are thus paying transmission cost ab the 

10kV grid (based on DEA forecast data published in 2012) that has been calculated to 229DKK/MWh. 

Transmission costs as pointed out influence the socio-economic results. Related e.g. to an electricity 

storage case with an efficiency of 50%, transmission costs for the purchase of two MWh electricity are 

required for selling back one MWh to the 10kV grid. In this case is assumed that transmission cost are 

returned or got back only for the one MWh supplied into the 10kV grid.    

Table 5 Estimated average socio economic electricity prices INcluding transmission tariffs 

 Nord Pool 
2012 
factor 

Nord Pool  and  DK-East estimate 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

  UP Nord Pool + transmission   856 

Up    1.50 Up  Balance 627 

 1 Average SPOT 417 

Down  0.66 Down  Balance 273 

  DOWN Nord Pool + transmission   502 
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Table 6 Sub-system operation and total project costs INcluding transmission tariffs: Socio-economic 
results in overview. Analysis results for year 2020 investments in hydrogen based sub-systems. The 
analysis covers the operation period 2021-2040. Price level used:  2012 prices. 

Electricity prices 
INcluding Transmission Tariff 
 
H2 based sub-system 

Period 2021-2040 
 

Electricity Balance (or Power Regulation) market trading only  
(Conventional cost-benefit analysis) 

Electrolytic production of H2  
for use as: 

TOTAL NET OPERATION COSTS 
mio. DKK 

TOTAL PROJECT COSTS 
mio. DKK 

   

Fuel for transport -1.525 7.197 

   

Injection into NG grid 8.565 17.287 

   

CHP via FC  (42%el.eff.) 5.204 21.405 

CHP via FC  (60%el.eff.) 1.145 20.203 

   

 

From the table it is seen that the net operation costs calculated for the case of electrolytic hydrogen 

production for use as fuel in the transport sector shows a negative total net operation costs, - thus a surplus 

of in total +1.525 mio.DKK covering the period 2021-2040 on the net operation of this sub-system. This 

cannot however recover the investments and the net total project generates a NPV deficit of 7.197mio.DKK 

in the period analysed.  

It must be emphasised that hydrogen for the results above has been assumed to substitute gasoline at 

direct energy basis. However, one may take into account that due to the high efficiency using hydrogen and 

FC based vehicles, the amounts of gasoline substituted may be considerable higher than what is derived 

from an energy based viewpoint. If such considerations are taken into account, and such benefits are 

assigned to the production of hydrogen, conclusions may change towards a positive total project costs.  

For the remaining sub-systems analysed the net operation and net total project costs show substantial 

deficits.   

 

 

4.3.2 Sub-system operation and total project costs EXcluding transmission tariffs 

 

In this case it is assumed that electricity purchase prices and sales prices do not include transmission costs 

or transmission tariffs. Electricity is purchased at the NordPool DK-East power regulating or balancing 

market and delivered at the location of the sub-systems analysed without payment of transmission costs. 

Though the power grid services must be available, the sub-system transmission costs are in this case put to 

zero. Such assumption may be based on an argument saying that power regulation contributions delivered 
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from the sub-systems are important for the overall grid stability and power quality, - and on a level with 

'other grid support technology'. 

In such case the calculated period average of the estimated power regulation prices are as shown in Table 

7.  

Table 7 Estimated average socio economic electricity prices EXcluding transmission tariffs 

 Nord Pool 
2012 
factor 

Nord Pool  and  DK-East estimate 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

Up    1.50 Up  Balance 627 

 1 Average SPOT 417 

Down  0.66 Down  Balance 273 

 

Table 8  Sub-system operation costs and total project costs EXcluding transmission tariffs: Socio-
economic results in overview. Analysis results for year 2020 investments in hydrogen based sub-systems. 
The analysis covers the operation period 2021-2040. Price level used:  2012 prices. 

Electricity prices 
EXcluding Transmission Tariff 
 
H2 based sub-system 

Period 2021-2040 
 

Electricity Balance (or Power Regulation) market trading only  
(Conventional cost-benefit analysis) 

Electrolytic production of H2  
for use as: 

TOTAL NET OPERATION COSTS 
mio. DKK 

TOTAL PROJECT COSTS 
mio. DKK 

   

Fuel for transport -12.521 -3.799 

   

Injection into NG grid -2.431 6.290 

   

CHP via FC  (42%el.eff.) -0.697 15.503 

CHP via FC  (60%el.eff.) -3.087 15.971 

   

 

In a case where electricity transmission costs are assumed to be zero for the sub-systems in question the 

above table shows that the total net operation costs become negative, - thus all sub-systems analysed 

generate an operation surplus.  

For the sub-system providing hydrogen for transport, the operation surplus generated through the period 

2021-2040 is able to recover the assumed investments. Moreover this system results in a total net project 

cost of about -4mio.DKK, or a NPV surplus of about 4mio.DKK during the 20 year period analysed. 

The remaining sub-systems analysed (, though generating total net operation surplus,) cannot however 

recover the investments assumed. 
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4.4 Sensitivity analyses: Power regulation prices required for Break-

Even 

 

As for the main analyses the sensitivity analyses are split into two main cases according to the inclusion or 

exclusion of electricity transmission costs or tariffs.  

 

4.4.1 Sensitivity on electricity purchase and sales prices INcluding transmission tariffs 
 

In this case it is assumed that electricity is purchased and sold at the estimated future power regulation 

market or balance market at the 10kV grid voltage level. It has furthermore been assumed that electricity 

purchase prices include the cost for transmission, and it has likewise been assumed that sales of electricity 

at the 10kV grid level achieves a sales price that is the sum of the power regulation market price at the hour 

plus the transmission cost. 

 

Table 9 Estimated average socio economic electricity prices INcluding transmission tariffs 

 Nord Pool 
2012 
factor 

Nord Pool  and  DK-East estimate 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

  UP Nord Pool + transmission   856 

Up    1.50 Up  Balance 627 

 1 Average SPOT 417 

Down  0.66 Down  Balance 273 

  DOWN Nord Pool + transmission   502 

 
Price difference  

 
UP-DOWN balance + transmission 

 
354 
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Table 10 Sensitivity analyses INcluding transmission tariffs: Socio-economic results in overview. Analysis 
results for year 2020 investments in hydrogen based sub-systems. The analysis covers the operation 
period 2021-2040. Price level used:  2012 prices. 

Electricity prices 
INcluding Transmission Tariff 
 
H2 based sub-system 

Period 2021-2040 
 

Electricity Balance (or Power Regulation) market prices  
required for Break-Even 

Electrolytic production of H2  
for use as: 

Prices required for 
Break-Even of annual 

NET OPERATION COSTS 
DKK/MWh electricity 

Prices required for 
Break-Even of NPV  

TOTAL PROJECT 
DKK/MWh electricity 

Fuel for transport   

                  Purchase price 531  ( > 502 ) 351 

   

Injection into NG grid   

                  Purchase price 323 <0! 

   

CHP via FC  (42%el.eff.)   

    Price difference (sales-buy price) 574 1358 

                  Purchase price* 444 344 

                  Sales price* 1018 1702 

CHP via FC  (60%el.eff.)   

    Price difference (sales-buy price) 395   1076 

                  Purchase price* 489 369 

                  Sales price* 884 1445 

*  For the definition of the break-even purchase and sales prices see sections 8.1.3 or 8.1.4.  

 

The above Table 10 shows that purchase prices required for break-even are below the estimated average 

power regulation market prices covering the period 2021-2040, with the one exception: Electrolytic 

hydrogen production as fuel for transport.    

The low power regulation market prices when DOWN regulation are required, or the purchase prices seen 

by the sub-systems, are on average 502DKK/MWh, when transmission costs are included. Break-even for 

the annual operation cost, in the case ' electrolytic hydrogen production as fuel for transport', are achieved 

at an average purchase price of 531DKK/MWh, and thus above the 502DKK/MWh indicating that this sub-

system generates a net operation surplus. This is not enough, however, to recover the investments 

assumed for the system. To recover the investments the average electricity purchase price must be 

considerable lower and below or equal to 351DKK/MWh, as seen from the table.      

At the assumed future power regulation market, the price difference between purchase and sales prices on 

average for the period (or the difference between the average UP-regulation price and DOWN-regulation 

price) is calculated as 354DKK/MWh electricity, as seen from Table 9. This price difference is considerable 

lower than what is required for the hydrogen based FC CHP sub-systems to become break-even in total, as 

seen from Table 10.   
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To achieve break-even on net operation costs for the FC based sub-systems the price difference between 

purchase and sales must increase to 574DKK/MWh for the FC (42% el.eff.) case, and increase moderately 

to 395DKK/MWH for the FC (60%el.eff.) case. For these systems to reach break-even for the total project 

costs average price differences for the period must increase further to 1358DKK/MWh and 1076DKK/MWh 

respectively, as seen from Table 10. 

 

 

4.4.2 Sensitivity on electricity purchase and sales prices EXcluding transmission tariffs 
 

As in the previous section 4.4.1 it is assumed that electricity is purchased and sold at the estimated future 

power regulation market or balance market at NordPool DK-East. Furthermore it has been assumed that 

electricity purchase prices EXclude costs for transmission. 

 

Table 11 Estimated average socio economic electricity prices EXcluding transmission tariffs 

 Nord Pool 
2012 
factor 

Nord Pool  and  DK-East estimate 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

Up    1.50 Up  Balance 627 

 1 Average SPOT 417 

Down  0.66 Down  Balance 273 

 
Price difference  

 
UP-DOWN balance  

 
354 
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Table 12 Sensitivity analyses EXcluding transmission tariffs: Socio-economic results in overview. Analysis 
results for year 2020 investments in hydrogen based sub-systems. The analysis covers the operation 
period 2021-2040. Price level used:  2012 prices. 

Electricity prices 
EXcluding Transmission Tariff 
 
H2 based sub-system 

Period 2021-2040 
 

Electricity Balance (or Power Regulation) market prices  
required for Break-Even 

Electrolytic production of H2  
for use as: 

Prices required for 
Break-Even of annual 

NET OPERATION COSTS 
DKK/MWh electricity 

Prices required for 
Break-Even of NPV  

TOTAL PROJECT 
DKK/MWh electricity 

Fuel for transport   

                  Purchase price 533 ( >> 273 ) 353 ( > 273 ) 

   

Injection into NG grid   

                  Purchase price 323 ( > 273 ) 141 

   

CHP via FC  (42%el.eff.)   

    Price difference (sales-buy price) 328 ( < 354 ) 1055 

                  Purchase price 280 142 

                  Sales price 608 1197 

CHP via FC  (60%el.eff.)   

    Price difference (sales-buy price) 253 ( < 354 ) 917 

                  Purchase price 305 158 

                  Sales price 558 1075 

 

When power transmissions costs are assumed to be zero it is seen from Table 12 that the net operation 

costs for all the sub-systems analysed are generating a surplus. Break-even prices for the net operation 

costs are above the estimated average purchase prices (at the estimated future power regulation market 

covering the period 2021-2040).  

In the FC based electricity storage cases price differences needed for break-even are lower than the 

estimated average market price differences between DOWN-regulation and UP-regulation for the 20 year 

period. Thus, each of the two FC systems generates a net operation surplus.  

For the FC sub-systems to become break-even in total project costs, including the assumed investment 

costs, the price differences between purchase and sales prices must, however, be considerable higher. As 

seen from Table 12 the FC system of an electric efficiency 42.3% needs an average price difference of about 

1055DKK/MWh, whereas the FC system with the high electric efficiency of 60% becomes break-even at an 

average price difference of about 917DKK/MWh. 

  



20 
 

4.5 Recommendation  

 

Main points 
 

H2 to transport:  

Hydrogen production substitute gasoline. Due to high efficiency using hydrogen and FC based 

vehicles, the amounts of gasoline substituted may be considerable higher than derived from an 

energy based viewpoint! 

H2 injected into Town Gas grid substitute NG:  

Consequently the CO2 emission reduction achieved is relatively low. Furthermore, NG prices are 

relatively low. However, in case of H2 overflow, such option may be relevant.  

Hydrogen for CHP generation via FC:   

Due to the EU CO2 emission quota system covering the power sector there are no net CO2 emission 

consequences in the overall power sector. However, CO2 emission reduction achieved constitute an 

attribute and an income for the sub-systems, and is included.  

  

To note in particular 

 

Generally, for the three cases analysed:  
 
To reach socio-economic balance or break-even the annual income should increase considerable, 

or the costs should decrease correspondingly (or a combination of both). This applies to the sub-

systems analysed with the one exception: Electrolytic hydrogen production as fuel for transport 

when grid tariffs are EXcluded.    

 
It must be emphasised, that the present analysis is based on very uncertain and un-complete data. 
A number of issues relevant for the socio economic evaluation have not been taken into account 
(due to lack of data). As pointed out important cost elements (e.g. related to site infrastructure, the 
balance of plants and man-power) are not explicitly addressed.    
 

Furthermore, externalities are not included. These may be difficult to monetise. Examples are 

consequences for the security of energy supplies and energy self-sufficiency, environmental 

consequences (apart from CO2 that are quantified and monetised), and e.g. effects for employment 

and wealth. It should be noted that most such externalities tend to act in favour of the present 

projects.   
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Recommendation 

 

Electrolytic H2 production for use in the transport sector may prove to constitute an interesting 

potential if a future demand for hydrogen as transport fuel substantiates.   
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5 WP2: The CopenHydrogen project (in short) 

5.1 Aims 

The project aims to analyse and demonstrate the use of hydrogen and hydrogen technology as means to 

balance power systems.  

 

The Danish power system is expected increasingly to be depending on wind power and fluctuating power 

supplies. So-called ‘surplus’ or ‘excess’ power production, that occur in situations when the power 

generation exceeds the demand, must be balanced or levelled out. This is achieved either by reducing 

production or by increasing power consumption. 

Increased consumption by initiating electrolytic hydrogen production is the focus of the CopenHydrogen 

project. Thus, hydrogen production via electrolysis is aimed to help maintain or re-establish balance in the 

power grid.  

 

The hydrogen generated from ‘surplus’ electricity is then used either: 

- as a fuel for transport substituting gasoline or 

- for a controlled injection into the Copenhagen town gas grid substituting gas (NG) or  

- as fuel for fuel cells  (in electricity storage system) generating electricity and heat (CHP). 
 
Power consumption initiated to balance the power system must take place at periods of time where the 
power system is in surplus. Such hours are characterised as the hours where the electricity price at the 
electricity balance market is below the (‘normal’) spot market electricity price. The market in these 
situations, thus encourage further electricity consumption via low prices in order to maintain or re-
establish system balance.   
 
Likewise, if the power system is in the opposite situation, in a deficit of generation capacity at the hour 
relative to the demand, prices at the balance market increase. Customers respond may be to postpone 
consumption and stop purchase from the balance market and in our case the electrolytic hydrogen 
production is stopped. And only electricity trading at the electricity balance market has been assumed.  
 
 

5.2  Basic framework conditions for the socio-economic analyses 

 
5.2.1 Basic assumptions for the socio-economic analyses 
Assumptions on future energy prices (at socio-economic basis) and emission developments are forecast 
data published by the Danish Energy Agency DEA 2012. And detailed electricity market data with hourly 
time resolution are based on the year 2012 Nord Pool statistics for DK-east. 
 
Price level: Year 2012. 
Socio economic rate of calculation: 4 %p.a. 
Period of operation: 2021-2040 (20 years) 
Project base year: 2020 
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5.2.2 Estimation of future electricity market prices 
 

Transmission costs:  

For the base case analyses presented in the following it is generally assumed that electricity 

transmission costs or tariffs are included. The transmission tariffs assumed are based on the 

DEA 2012 forecast data for electricity purchased at the spot market from the 10kV power 

grid. 

In the report summary section (4 CopenHydrogen: Socio-economic analyses (SUMMARY)) 

result are furthermore shown for the case where the power transmission costs are 

excluded, or assumed to be zero. 

 

Electricity market strategy: Purchase from the balance market and sales to the balance market.  

For the base case analyses presented in the following it is generally assumed that electricity 

purchase and sales are related to the regulating or balance power market.  

Estimated electricity balance and spot market prices for 2021-2040 are derived via scaling. 

The relative prices observed for 2012 are scaled using forecast data (from DEA 2012) 

covering the period up to 2035. Data for 2036-2040 are assumed constant at the 2035 level.   

NordPool definition: The regulating or balance power market is a tool for the Nordic TSO's 

(transmission system operators) to keep balance between total generation and consumption 

of power real time. 

 

5.2.3 Main technical assumptions  
 
Hydrogen pressure levels: 
 Electrolyser: 50 bar 
 Storage:  50 bar (max) 
 Dispenser:  700 bar (max) 
 
Assumption:  Electric efficiency for H2 compression: Set to 50% (or 2 times ideal gas isothermal minimum) 
  

Electricity purchased for general use is priced as supplied from the 10kV grid.  
 District heat priced ‘an consumption’. 

 
5.2.4 CO2 content of electricity 
 
Assumption/argument on the CO2 content of electricity purchased for electrolysis:  

 
Electricity purchased at the Balance Market does not imply CO2 emission!? 
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If all purchased (balance) power is ‘excess’ wind power generation, this may be close to a 
valid argument. Assuming that the power purchased in the reference situation is regulating 
down by discarding (and losing) the energy, while CO2 emissions are unchanged, this 
assumption may be valid.  
 
Other actors may in future compete on the balance market to purchase electricity at 
relatively low cost. Flexible demands able to benefit from low electricity prices, though the 
times of purchase are stochastically determined by the balance market, could include e.g. 
heat pumps with heat storage capacity and smaller scale flexible consumers able to respond 
on price signals at short notice, an 'enlarged' European electricity market emerging if power 
transmission capacities are enlarged, and e.g. battery electric vehicles standing idle and grid 
connected.     
 

Electricity purchased at the balance market: 

Potential alternative use of electricity purchased at the Nord Pool balance market is not 

analysed. The reference use of ‘excess’ electricity if purchased in the reference situation is 

not included in energy and CO2 balances.     

 
5.2.5 Aspects covered by the analysis of hydrogen based sub-systems 
  
The present analyses address energy conversion, CO2 emission consequences and costs for: 
 

 Electrolytic hydrogen production and storage. Hydrogen is delivered in constant hourly 
flow: 

o As fuel for transport. (Substituting gasoline and/or diesel) 
o Supplied into the Copenhagen Town Gas Grid at specified rate/amount. 

(Substituting Natural Gas)   

 Electrolytic hydrogen production and storage. Hydrogen is used in variable flows to 
operate Fuel Cell for CHP-production, substituting: 

o Electricity (of average CO2 characteristics according to DEA 2012 forecasts) 
o Heat          (of average CO2 characteristics according to DEA 2012 forecasts)    

   
 
5.2.6 Not included in the present analyses  

 

The following elements are not covered by the analyses due to lack of data: 

 Site investments, infrastructure costs, elements of balance of plant, man power. 

 H2 filling station Inv., O&M and reference substitution.  

 H2 to Town Gas Grid injector station Inv., O&M  
 

 

5.2.7 Socio-economic prices: Factor prices and Consumer prices 
 

 Socio economic data and results are presented using factor prices (prices excl. tax, subsidies..) if 
not stated otherwise.  
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 Consumer prices are furthermore used for presenting main results. Socio economic results 
expressed in consumer prices are derived using  ‘Nettoafgifts-faktor’ of 1.17 and  
‘Skatteforvridnings-faktor’ of 1.20.   
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6 Electricity prices and power system balancing 

Electricity balance market prices reflects the overall power system needs for regulating UP or DOWN the 
power generation or supply at the hour to maintain balance between supply and demand. The same 
balancing may likewise be achieved regulation DOWN or UP the consumption. And in general both 
mechanisms are at work and reflected in the balance market prices at the hour.     
 

6.1 Future electricity spot and balance markets 

For the present CopenHydrogen phase I project the WP2 analyses will be based on an estimation approach 
for the description of the future electricity markets. (For the planned phase II analyses these limits are 
removed.) 
 
This estimation of the electricity markets used in phase I are described in chapter 6.2 (Approach).  
 
The simulation of the H2-based subsystems considered, (as part of and) interacting with the overall power 
system, is therefore a partial and marginal modelling of the interaction between subsystems and the 
overall system. The marginal interaction implies e.g. that the proposed subsystems do not impact prices at 
the electricity markets.   
 
 

6.2 Approach (phase I) 

 
6.2.1 Estimation of framework conditions at future electricity markets 
 
Electricity trade, purchase and sales, related to the hydrogen based systems are initially simulated relative 
to the year 2012 Nord Pool Electricity Balance and Spot markets.  
 
Detailed (historic) hourly data on prices at the Nord Pool electricity balance and spot markets covering year 
2012 are used as basis for simulating system operation, performance and energy conversion for the 
interacting hydrogen technologies. Furthermore, component capacities for the hydrogen systems are 
determined via simulation. 
 
Future balance and spot market prices for the period 2021-2040 are estimated via scaling the detailed 
historic 2012 data. This scaling uses a price index determined from the projected annual average market 
prices for the period 2021-2040 published by the Danish Energy Agency (DEA-2012).  
 
Via the DEA forecast, hourly electricity price time series are estimated for spot market and balance market 
prices covering the period 2021-2040. Operation and performance of the hydrogen based systems are then 
simulated relative to the estimated future electricity balance and spot markets.  
 
 
6.2.2 Spot and balance market characteristics assumed for the period 2021-2040  
 
Characteristics of the year 2012 balance and spot market prices for DK-East and the estimated DK-East 
balance and spot market prices covering the period 2021-2040 are shown in Table 13.  



27 
 

 
The second column in Table 13 relates to the historic year 2012 Nord Pool DK-East spot market prices and 
balance market prices. The term ‘UP’ in Table 13 is used to specify balance market prices in situations when 
the DK-East power system is in need for increased power supply. The market achieves UP-regulation by 
increasing the electricity price above the spot market price (- that was settled 12-36 hours ago). In column 2 
it is shown that the average price achieved at the balance market for supplying UP-regulation has been 
calculated to be a factor 1.50 above the average 2012 spot market price. That is, in these situations the 
price achieved for supplying short notice up-regulation to the market was on average 50% higher than the 
average spot market price in the same year. 
 
Correspondingly, Table 13 shows the average balance market price relative to the average spot market 
2012 in the situation where the overall system needs to regulate down the power production or increase 
the consumption. By lowering the balance market price for electricity purchased at the hour (on short 
notice) the consumption will rise. Prices are lowered to the level where balance is re-established between 
supply and demand. In 2012 down-regulation balance market prices in the DK-East region were on average 
36% lower than the spot market price, as seen from Table 13. 
 
Estimated balance market prices covering the period 2021-2040 are shown in following columns in Table 
13. Time series representing hourly price variation representative for the 2021-2040 period are derived by 
scaling the known historic 2012 balance market prices in accordance with the projected annual average 
spot market price development projected for the period 2021-2040. Thus, the balance market prices for the 
2021-2040 period is derived from scaling of the 2012 balance market prices, - using the annual average 
spot market price index covering the same period.  
 
This means, that it has been assumed that patterns for UP-regulation and DOWN-regulation are replicated 
from the 2012 balance market, - though the prices have been scaled in accordance with the DEA-2012 
projection for the annual average spot market price development in the period. Such derived estimated 
average balance market prices are shown in Table 13. The last two columns of the table show the scaled 
average balance market prices and the DEA-projected average spot market prices covering the period 
2021-2040, - at respectively 10kV and 0.4kV grid voltage level.    
 
For the actual H2-based sub-systems the prices achieved at the spot and balance markets will depend on 
the characteristics and state of the particular sub-system. Constraints may determine whether the sub-
system is active for buying or selling and in which quantities etc. Therefore, to determine the actual prices 
achieved will require simulation of the sub-systems interacting with the electricity markets. 

 
 

Table 13 Estimated socio economic electricity prices 

Socio economic electricity prices:         
Balance and Spot prices estimated for the period 2021-2040 

 Nord Pool 
2012 
factor 

Nord Pool  and  DK-East estimate 
2021-2040 

 

10 kV-niveau 
 
DKK/MWh 

0,4 kV-niveau 
 
DKK/MWh 

  UP Nord Pool + transmission   856 877 

Up    1.50 Up  Balance 627 627 

 1 Average SPOT 417 417 

Down  0.66 Down  Balance 273 273 

  DOWN Nord Pool + transmission   502 524 
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For the analysis it is assumed that the scale or size of the hydrogen plants considered are relatively small (of 

about a few MW) compared to the overall system and therefore do not influence the market prices. Thus, a 

marginal analysis is valid. 
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7 Simulation of H2-based systems through 2021-2040 

For our analyses it is generally assumed that hydrogen is produced via electrolysis from electricity 

purchased at the DK-East electricity balance market. Via interaction with compressed hydrogen gas storage, 

hydrogen is then supplied e.g. in constant hourly flow to the consumption in the Transport Sector, in the 

town gas system, or e.g. in a variable flow as fuel for Fuel Cell generating electricity (and heat) in 

accordance with needs stated by the overall power system and as reflected via the electricity balance 

market prices. 

The time resolution applied for the present simulation is generally set at: 1 hour time basis. 

 

7.1 Simulation of system operation 

Generally for the socio-economic analyses and for the basic technical simulations carried out it is assumed 

that the capacity of the electrolysis part of the system is  1MW electric.  Via scaling from the specific results 

for the 1 MWe based sub-systems consequences for other installed capacities may be derived.  

Via simulation the hydrogen based sub-systems at 1 hour time basis the relative capacities and energy 

conversion for each system component are determined. The level of detail for the component description 

applied and system simulations will allow for determining the relative capacities or size of components. 

Thus, investments associated with components in the sub-systems considered can be determined. The 

simulations will furthermore determine operation conditions for the components. Important framework 

conditions for the operation are e.g. the annual usage or the achievable annual full load hours for a 

component as part of the system, and energy storage capacity needs for the system. 

 

7.1.1 Hydrogen production and storage 

  

Electricity for hydrogen production is purchased from the electricity balance market assuming a ‘static’ and 

simple market betting or electricity purchase strategy. The ‘Static’ strategy states that electricity is bought 

at any time (throughout the year) whenever the electricity balance market price at the hour is below the 

spot market price. Electricity in amounts of up to 1MWhe/hour is bought whenever this criteria is fulfilled, 

and as long the system can accommodate the hydrogen production. 

Operation characteristics achieved for the H2 supply components:  

Electrolyser and H2 storage: Table 15 Capacity and load factor for system components. 

Electrolysis part:  

The main results (covering the 2021-2040 period of operation) include: 

Capacity:    1 MW electric 
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Usage/load factor:    3698 Hours/year   

Number of annual full load hours achieved when un-

constrained purchase from the estimated balance market. 

H2 production:    3328MWh/year  (at 50 bar) 

Storage part for the case of constant hourly hydrogen consumption throughout the year: 

H2 storage capacity:    168 MWhhydrogen as pressurised gaseous hydrogen (at 50 bar) 

 

Case of variable hourly consumption during the year:    See Chapter  7.4   

(Hydrogen for CHP via Fuel Cells)   

 

7.1.2 Hydrogen consumption: 
 

The use of hydrogen in the subsystems analysed are described in chapters:  

7.2 Hydrogen for transport (Gaseous H2 supplied for road transport vehicles)  

7.3 Hydrogen supplied into the Copenhagen Town Gas grid 

7.4 Hydrogen for CHP via Fuel Cells 

 

 

7.1.3 Main system components: Investments, operation & maintenance costs and efficiencies 

 

Assumption made on the expected status year 2020 for the main components of the hydrogen based sub-

systems is shown in Table 14 below. 

It is noted that data are not given for two main components. One is data on filling stations (or dispensers) for 

hydrogen to be used for road transport. The other non-available data concerns injection of hydrogen into the 

Copenhagen town gas grid in controlled rates. Data on these components were not available for the project 

analyses. 

Non-inclusion of hydrogen dispenser costs and likewise non-inclusion of the gasoline dispenser costs 

substituted may indirectly be interpreted as an assumption of that these two components are equal and 

cancel out.    

These limitations on data are reflected in the defined system boundaries for the socio-economic analyses. 

Despite such limitations in parts of data, the analyses will allow for drawing robust conclusions, e.g. based 

on result on operation costs for the sub-systems. The annual operation costs heavily rely on energy 
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conversion efficiency assumptions and forecast provided by the Danish Energy Agency on future prices on 

electricity, heat, natural gas and transport fuels. 

It is furthermore emphasised that data on infrastructure costs and infrastructure costs substituted are not 

addressed. Likewise balance of plant cost and costs for manpower to operate the proposed sub-systems are 

not included in the socio-economic analyses presented. 

In the three cases analysed it is assumed that hydrogen is produced via electrolysis using electricity taken 

from the 10kV DK-east grid in Copenhagen. The further storage and use of the hydrogen is as mentioned 

divided into three cases where the system boundaries for the analyses are as follows: 

Hydrogen for transport (Gaseous H2 supplied for road transport vehicles): 

Dispenser investments, site & infrastructure & balance of plant costs and cost 

of staff etc. to operate the facility are not included.  

Hydrogen supplied into the Copenhagen Town Gas grid: 

Injector investments (for H2 into Copenhagen town gas grid), site & 

infrastructure & balance of plant costs and cost of staff etc. to operate the 

facility are not included.  

Hydrogen for CHP via Fuel Cells: 

Site & infrastructure & balance of plant costs and cost of staff etc. to operate 

the facility are not included.  

 

Table 14 Investments, operation & maintenance and efficiencies for the main sub-system components. 
Assumption for year 2020. 

 

 

Externalities associated with a potential future deployment of the hydrogen based technologies are 

not included in the CopenHydrogen project analyses.   

Main components: Assumptions for year 2020 on  Investment,  O&M costs  and Efficiencies 
Currency: DKK level 2012

Assumptions for year 2020 Unit Lifetime Efficiency Reference 

Years %

Electrolyser SOEC 2020 Teknologikatalog 2012 p183

Investment 4.4014 MDKK/MWel 20 91 AC->H2

Operation and maintenance 2.54 % of inv. p.a.. 1

Hydrogen storage 100

Investment Pressure tube batteries 0.783 MDKK/ton H2 storage 20 WP2 Ref 5 PlanEnergi

Operation and maintenance 1.00 % of inv. p.a.. 1

Dispenser for hydrogen gas (pressurised) 100

Investment n.a. MDKK/ ton H2

Operation and maintenance n.a. MDKK/ton H2/year

Gas grid H2 injector (hydrogen gas (de)pressurised) 100

Investment n.a. MDKK/ ton H2

Operation and maintenance n.a. MDKK/ton H2/year

PEM FC on H2 for CHP 42.3 Dantherm Power  (20131108)

Investment 14.000 MDKK/MWel 15

Operation and maintenance 2.14 % of inv. p.a.. 1
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7.2 Hydrogen for transport 

Hydrogen supplied as transport fuel 
A constant hourly flow of hydrogen produced via electrolysis is supplied to a filling station unit close to 
the hydrogen production plant. At the dispenser hydrogen is compressed to 700 bar. Compressed 
hydrogen is used as fuel for transport, substituting gasoline and/or diesel.  
 
 

7.2.1 System components 
 
An overview of the main system components are shown in Table 15. As starting point for the system 
dimensioning a capacity of 1 MW electrolysis plant is assumed. Other system component capacities (in 
this case the hydrogen storage only) are adjusted in accordance with this assumption.  
 
Estimates on other hydrogen production capacities may be obtained via scaling (of extensive variables) 
from the installed electrolyser capacity. 
   
 
Table 15 Capacity and load factor for system components 

Hydrogen via electrolysis supplied as transport fuel  

System component  Installed capacity Load factors / full load hours 

      Electrolyser 1 MW 3698 Hours/year 

      H2 compressed gas storage  168 MWh 11 # cycles/year 

      Filling station for H2 3328 MWh/year   

 

Data on hydrogen filling station (H2 to vehicle) investments and O&M cost are pt. not verified and thus 
not included in the analysis. 
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7.2.2 Socio-economy 
 
 
Cost-benefit overview (conventional): 

 
 
 
Cost-benefit overview (consumer prices): 

 

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.7433 0.642 8.722

Operation and maintenance 2.052 27.889

Other expenses 0.000 0.000

Total costs 2.694 36.611

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0000 0 0.000 0.000

Operation and maintenance 2.164 29.414

Other income 0.000 0.000

Total income, savings etc. 2.164 29.4

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 7.7433 0 0.642 8.722

Operation and maintenance -0.112 -1.525

Other expenses 0.000 0.000

Total Costs (net) 0.530 7.197

Consumer prices Nettoafgifts-faktor:  1.17

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 9.0596 0.751 10.205

Operation and maintenance 2.401 32.630

Other expenses 0.000 0.000

Total costs 3.152 42.835

Consumer prices Nettoafgifts-faktor:  1.17

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0000 0 0.000 0.000

Operation and maintenance 2.532 34.414

Other income 0.000 0.000

Total income, savings etc. 2.532 34.4

Consumer prices Skatteforvridnings-faktor: 1.20

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 10.8716 0 0.901 12.245

Operation and maintenance -0.158 -2.141

Other expenses 0.000 0.000

Total Costs (net) 0.744 10.105
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From the Cost-benefit overview (Conventional) it is seen that the net present value (NPV) of the 

system for the period 2021-2040 is negative. NPV of total costs minus total income amounts a deficit of 

about  7.2 mio.DKK for the period. 

However, focussing on the operation and maintenance costs, it is seen that annuity or annual average 

costs amounts to -0.112mio.DKK/year. Thus, an annual surplus of +0.112mio.DKK/year is generated 

from operating the plant. It must however be emphasized that operation costs for e.g. man power 

costs have not been included. With these assumptions made the system operation alone can generate 

a  NPV in the period 2021-2040 of +1.525mio.DKK.  

This positive result for the system operation cannot, however, recover the investment costs assumed 

(of about  8.7 mio. DKK) and therefore the NPV of the total project becomes negative, with a deficit of 

about  7.2 mio.DKK during the period.     

 
7.2.3 Equivalent gasoline price  

 
The total project cost for the hydrogen produced may be expressed as the corresponding price of 
gasoline, - as an equivalent costs pr. liter gasoline (based on the energy content).   
 
The analysis shows that an annual hydrogen production of 3379 MWh H2 is associated with annual 
overall system costs (though all costs and income items are not included) of 0.530mio.DKK/year, -  
which includes the income achieved selling the hydrogen. 
 
Subtracting income from selling the hydrogen, the socio-economic production cost for hydrogen is 
calculated as (- 530000DKK – 1944000DKK) / (3379MWh H2). Thus, a hydrogen production cost of 
about  732DKK/MWh H2. This is equivalent to a cost of gasoline of about:  6.68 DKK/liter gasoline 
equivalent.   (Energy content of 1 liter gasoline: 9.125kWh/l) 
 
According to DEA 2012 projections, the corresponding socio-economic price of gasoline is 5.25DKK/liter 
gasoline. Thus, a gasoline costs below the calculated cost of hydrogen.  
 
However one may take into account that due to the high efficiency using hydrogen and FC based 
vehicles, the amounts of gasoline substituted may be considerable higher than what is derived from 
an energy based viewpoint. If such considerations are taken into account, and such benefits are 
assigned to the production of hydrogen, conclusions may change.  
 
As an example, assume that the energy efficiency for the FC based vehicle using H2 is twice the 
efficiency of an average future gasoline based vehicle. One unit of hydrogen energy then substitute two 
energy units of gasoline. If the value of such double gasoline substitution is assigned to our project, a 
further NPV income of about   26mio.DKK could be included!  Such assumption would imply a 
substantial project surplus.  (See Annex1 / Details on costs and income items.)    
 

7.2.4 Net system costs / CO2-reduction 
 
An annual hydrogen production of 3379 MWh H2 is associated with an annual CO2 reduction of 878ton 
CO2/year in total substituting gasoline (based on energy content).  
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The overall system costs (though all costs and income items are NOT included) are calculated as 
0.535mio.DKK/year which includes income of 197000 DKK/year due to CO2 reduction achieved in the 
transport sector. 
 
Thus (- 530000DKK – 197000DKK) / (878ton CO2) means that a socio-economic CO2 reduction cost of 
about  828 DKK/ton CO2 reduced can be associated with the project.   
 
 

 

 
7.2.5 Comments 

 
o Transport: H2-vehicle costs compared to conventional vehicles should be considered. 
o Data on H2 filling stations are not included, as well as the potential substitution of reference costs 

for conventional gasoline/diesel filling stations. These are not addressed.    
o Site infrastructure, man power and balance of plant costs are uncertain / not available. 

 

 
Further details on energy conversion, CO2 emission and socio-economy are given in Annex 1.  
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7.3 Hydrogen supplied into the Copenhagen Town Gas grid 

 

Hydrogen injected into town gas grid 
A constant flow of hydrogen produced via electrolysis is supplied to an ‘injector unit’. The injector adjusts 
pressure and flow rates for hydrogen entering the Copenhagen Town Gas Grid. Hydrogen is de-compressed 
to xxbar. Injector flow rates are assumed constant. 
 
Hydrogen substitute Natural Gas (NG). 
 
Data on hydrogen injector station (H2 to Town Gas Grid) investments and O&M are pt. not verified. 
Therefore, the present analysis does not include costs for the injector component. 
 
 
7.3.1 System components 
 
An overview of the main system components are shown in Table 3. The starting point for the system 
dimensioning is the assumption of a 1 MW electrolysis plant capacity. Other system component capacities 
are adjusted in accordance with this assumption.  
 
Estimates on other hydrogen production capacities may be obtained via scaling.  
 
   
Table 16 Capacity and load factor for system components 

Hydrogen via electrolysis supplied into the Copenhagen Town Gas grid  

System component  Installed capacity Load factors / full load hours 

      Electrolyser 1 MW 3698 Hours/year 

      H2 compressed gas storage  168 MWh 11 # cycles/year 

      Injector station: H2 to town gas grid  3328 MWh/year   
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7.3.2 Socio-economy 
 
 
Cost-benefit overview (conventional): 

 

 
Cost-benefit overview (consumer prices): 

 

 

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.743 0.642 8.722

Operation and maintenance 1.915 26.029

Other expenses 0.000 0.000

Total costs 2.557 34.751

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 1.285 17.464

Other income 0.000 0.000

Total income, savings etc. 1.285 17.5

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 7.743 0 0.642 8.722

Operation and maintenance 0.630 8.565

Other expenses 0.000 0.000

Total Costs (net) 1.272 17.287

Consumer prices Nettoafgifts-faktor:  1.17

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 9.060 0.751 10.205

Operation and maintenance 2.241 30.454

Other expenses 0.000 0.000

Total costs 2.992 40.658

Consumer prices Nettoafgifts-faktor:  1.17

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0 0.000 0.000

Operation and maintenance 1.503 20.433

Other income 0.000 0.000

Total income, savings etc. 1.503 20.4

Consumer prices Skatteforvridnings-faktor: 1.20

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 10.872 0 0.901 12.245

Operation and maintenance 0.885 12.025

Other expenses 0.000 0.000

Total Costs (net) 1.786 24.270



38 
 

 

7.3.3 Comments 

 

This project generates a substantial negative NPV.  A deficit of about  -17.3mio. DKK is accumulated during 

the project period 2021-2040. Operation and maintenance do not accumulate a surplus and the project is 

not able to recover an investment! 

Though investment cost data are not complete in this case and some operation costs are not included the 

large annual deficit for operating and maintenance allow for a robust conclusion.  

Furthermore the significant negative NPV only yields a modest CO2 reduction substituting NG. 

 

Details on energy conversion, CO2 emission and the socio-economy are given in Annex 2.  
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7.4 Hydrogen for CHP via Fuel Cells 

 
Hydrogen for CHP via Fuel Cells  
A varying flow of hydrogen, produced via electrolysis interacting with a storage, is supplied to a Fuel Cell 
(FC) based CHP unit. The unit operates in accordance with regulation and balancing needs in the overall 
power system. Heat produced is supplied to the local district heating grid. The FC unit use hydrogen de-
compressed to yybar.  
 
It is assumed that the fuel cell system is capable of variable operation. The regulation capability must 
comply with requirements at the electricity balance market. The FC is operated in accordance with the 
balance market prices, such that electricity is produced and sold at the balance market whenever the price 
at the balance market at the hour is above the spot market price.   
 
Hydrogen substitute electricity and heat (via FC CHP) with CO2 characteristics in accordance with the DEA 
2012 projections covering the period analysed (2021-2040). 
 
 
 
7.4.1 System components 
 
The main system components are an electrolysis unit incl. compression, hydrogen gas storage and a fuel 
cell CHP-unit. As mentioned above, it is assumed that both the electrolyser and the fuel cell systems are 
able to operate and regulate in accordance with requirements for access to trade at the Nord Pool 
electricity balance and spot markets.  
 
The main system components are shown in Table 17. The starting point for the system dimensioning is the 
assumption of a 1 MW electrolysis plant capacity. Other system component capacities are adjusted in 
accordance with this assumption.  
 
Estimates on relative component capacities for other sized corresponding systems may be obtained via 
scaling. 
 
 
Electricity trading, purchase and sales of electricity, are assumed to take place at the electricity balance 
market only. This implies the e.g. the FC annual full load hours are relatively low. Prices achieved at the 
balance market for sales are abort 50% above the average spot market prices covering the period 2021-
2040. 
 
At the estimated balance market UP-regulation is in demand in 3146 hours per year. The system has been 
configured to supply electric to the 10kV power grid in every of these hours throughout the year.   
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7.4.2 Assuming Fuel Cell electric efficiency of  42.3%  (and Cm=1) 
 
Table 17 Capacity and load factor for system components 

Hydrogen via electrolysis for CHP production via fuel cell 

System component  Installed capacity Load factors / full load hours 

      Electrolyser 1.000 MW 3322 Hours/year 

      H2 compressed gas storage  200 MWh 15 # cycles/year 

      Fuel cell  0.400 MW 3146 Hours/year 

 
 
Electricity from H2 via Fuel Cell is sold at the Balance market only. The investment-dense Fuel Cell system 
of 0.400MW electric achieves a load factor of 3146huors/year which means that the fuel cell generates 
electricity to the balance market in every hour during the year when UP regulation is in demand. The load 
factor for the electrolysis component in the system is  3322hours/year which is somewhat below the 
maximum achievable number of full load hours of 3854hours/year on the electricity balance market when 
DOWN regulation is in demand.     
 

7.4.2.1 Socio-economy 
 

 
Cost-benefit overview (conventional): 

 

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 13.977 1.192 16.200

Operation and maintenance 1.873 25.452

Other expenses 0.000 0.000

Total costs 3.065 41.652

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 1.490 20.247

Other income 0.000 0.000

Total income, savings etc. 1.490 20.2

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 13.977 0 1.192 16.200

Operation and maintenance 0.383 5.204

Other expenses 0.000 0.000

Total Costs (net) 1.575 21.405



41 
 

Cost-benefit overview (consumer prices): 

 

 

 

7.4.2.2 Comments 

 

This project generates a negative NPV of about  -21.4mio. DKK. Operation and maintenance do not 

accumulate a surplus and the project is not able to recover an investment. 

The CO2 reduction achieved is due to CO2 free CHP generation substituting electricity and heat. Income 

hereof is included in the present analysis. However the CHP production within the power sector is covered 

by the CO2 quota system (EU ETS) and therefore the CO2 reduction in the overall system is not affected. 

Details on energy conversion, CO2 emission and socio-economy are given in Annex 3. 

 

 

 

 

  

Consumer prices Nettoafgifts-faktor:  1.17

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 16.353 1.395 18.954

Operation and maintenance 2.191 29.778

Other expenses 0.000 0.000

Total costs 3.586 48.733

Consumer prices Nettoafgifts-faktor:  1.17

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0 0.000 0.000

Operation and maintenance 1.743 23.689

Other income 0.000 0.000

Total income, savings etc. 1.743 23.7

Consumer prices Skatteforvridnings-faktor: 1.20

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 19.623 0 1.674 22.745

Operation and maintenance 0.538 7.307

Other expenses 0.000 0.000

Total Costs (net) 2.211 30.052
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7.4.3 Assuming Fuel Cell electric efficiency of  60%  (and Cm=2)  
 
Table 18 Capacity and load factor for system components 

Hydrogen via electrolysis for CHP production via fuel cell 

System component  Installed capacity Load factors / full load hours 

      Electrolyser 1.000 MW 3322 Hours/year 

      H2 compressed gas storage  200 MWh 15 # cycles/year 

      Fuel cell  0.567 MW 3146 Hours/year 

 
 
Electricity from H2 via Fuel Cell is sold at the Balance market only. The Fuel Cell system is configured to 
generate 0.567MW electricity in 3146hours annually supplying UP regulation power at the balance market. 
The electrolysis load factor has decrease slightly from 3854hours/year, for the unconstrained maximum at 
the balance market for DOWN regulation, to 3385hours/year. Compared to a constant hydrogen 
consumption throughout the year, as in the case of hydrogen supply to the transport sector, the storage 
size required is somewhat larger, 200MWh hydrogen due to the variable hydrogen consumption in the fuel 
cell system operating in accordance with the balance market when UP regulation is in need. 
 

7.4.3.1 Socio-economy 
 

 
Cost-benefit overview (conventional): 

 

 

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 16.315 1.402 19.058

Operation and maintenance 1.927 26.183

Other expenses 0.000 0.000

Total costs 3.329 45.241

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 1.842 25.037

Other income 0.000 0.000

Total income, savings etc. 1.842 25.0

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 16.315 0 1.402 19.058

Operation and maintenance 0.084 1.145

Other expenses 0.000 0.000

Total Costs (net) 1.487 20.203
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Cost-benefit overview (consumer prices):

 

 

 

7.4.3.2 Comments 

 

The conventional cost benefit analysis shows that this project generates a negative NPV of -20.2mio.DKK. 

Operation and maintenance do not accumulate a surplus and the project is not able to recover the 

investment. 

Comparing 4.4.2 and 4.4.3 it is seen as expected that an increased capacity and an increased efficiency for 

the fuel cell component reduce the total project deficit. However, only slightly from a deficit of  -21.4mio. 

DKK to a deficit of -20.2mio.DKK in the high efficiency case.  

  

Consumer prices Nettoafgifts-faktor:  1.17

Overall costs (total) Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 19.088 1.641 22.298

Operation and maintenance 2.254 30.634

Other expenses 0.000 0.000

Total costs 3.895 52.932

Consumer prices Nettoafgifts-faktor:  1.17

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0 0.000 0.000

Operation and maintenance 2.155 29.294

Other income 0.000 0.000

Total income, savings etc. 2.155 29.3

Consumer prices Skatteforvridnings-faktor: 1.20

Net result:         Diff. =  Costs  -  Income  Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 22.906 0 1.969 26.758

Operation and maintenance 0.118 1.608

Other expenses 0.000 0.000

Total Costs (net) 2.087 28.366
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7.5 Comments and recommendation 

 

7.5.1 Main points 
 

H2 to transport: Hydrogen production substitute gasoline. Due to high efficiency using hydrogen 

and FC based vehicles, the amounts of gasoline substituted may be considerable higher than 

derived from an energy based viewpoint! 

H2 injected into Town Gas grid substitute NG: Consequently the CO2 emission reduction achieved is 

relatively low. Furthermore, NG prices are relatively low. However, in case of H2 overflow, such use 

may be relevant.  

Hydrogen for CHP production via FC:  Due to the EU CO2 emission quota system covering the power 

sector there are no CO2 emission consequences in the overall power sector. CO2 emission reductions 

achieved constitute an attribute and income for the sub-systems, and is included.  

  

7.5.2 To note in particular 

 

Generally, for the three cases analysed: To reach socio-economic balance or break-even the annual 
income should increase considerable, or the costs should decrease correspondingly (or a 
combination of both). This applies to the sub-systems analysed with the one exception: Electrolytic 
hydrogen production as fuel for transport when grid tariffs are EXcluded.    
 
It must be emphasised, that the present analysis is based on very uncertain and un-complete data. 
A number of issues relevant for the socio economic evaluation have not been taken into account 
(due to lack of data). As pointed out important cost elements (e.g. related to site, infrastructure, 
the balance of plants and man-power) are not explicitly addressed.    
 

Furthermore, externalities are not included. These may be difficult to monetise. Examples are 

consequences for the security of energy supplies and energy self-sufficiency, environmental 

consequences (apart from CO2 that are quantified and monetised), and e.g. effects for employment 

and wealth. It should be noted that most such externalities tend to act in favour of the present 

projects.  

 

7.5.3 Recommendation 

 

Electrolytic H2 production for use in the transport sector may prove to constitute an interesting 

potential if a future demand for hydrogen as transport fuel substantiates. 
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8 Sensitivity analyses 

Sensitivity analyses are carried out at three levels reflecting socio-economic impacts of basic framework 

conditions for the hydrogen projects.  

 

The three issues concern the electricity market prices, the basic operation strategy adopted/pursued, and 

the rate of calculation applied for the system.  

 

1. Electricity market prices:  
Sensitivity on electricity prices and price differences required for Break-Even for period 2021-2040. 

The analyses are split into two, without and with the inclusion of investment costs:   

 Prices for break-even on the operation costs (without inclusion of investment costs) and 

 Prices for break-even for the overall project (including investment costs). 
 

2. Basic operation strategy adopted:  
Consequence of changing from  

 base the case strategy providing power system balancing (acting on the power balance 
market) to an  

 alternative strategy, aiming to purchase electricity during night hours at low prices (at the 
electricity spot market). In the Fuel cell case (hydrogen-to-electricity) this system aims to 
provide peak power during daytime hours. 

 

3. Rate of calculation: Consequence of changing from base the case of 4%p.a. to 0%p.a. 
 

For each of the three H2 based sub-system considered the main results of these sensitivity analyses are 

shown in sections below.  

 

8.1 Electricity market prices required for H2 system Break-Even 

 
8.1.1 Hydrogen for transport 
 

The base case or the reference analysis is described in Chapter 7.2. Annual operation and maintenance 

costs are shown to be positive, although the total socio-economic result for the system shows a 

considerable deficit covering the 2021-2040 period analysed. 

(Thus, break-even or better on the operation costs for this sub-system was achieved in the base case price 

scenario. Operating the system generates an annual surplus in the bases case. However, this annual surplus 

cannot cover the investments, - and the total project comes out with a negative socio-economic NPV.)    

In the present sensitivity analysis the question asked is: What should the average electricity purchase price 

be for the total project to become break-even? (This given all other variables kept constant.) 
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Table 19 Sensitivity analyses on price variation on a future electricity balance market. Case: Hydrogen for 
transport. Period: 2021-2040 

 
 

The answer to this question is shown in Table 19 above. The bottom lines in the table show a price of 

351DKK/MWh electricity referring to ‘Required for Break-Even 2021-2040’. If the average electricity 

purchase price (including transmission and distribution costs of 229DKK/MWh) in the period were  

351DKK/MWh electricity the total project becomes break-even. (Thus, excluding the costs of transmission 

and distribution the average balance market purchase price must be below or equal to 122DKK/MWh for 

break-even).  

Still it must be emphasized that not all cost items for the project have been available and included in the 

analysis. 

The table furthermore shows that the average spot market price (including transmission and distribution 

costs) for the period is calculated as 645DKK/MWh. The table moreover shows that electricity purchase 

cost at the estimated electricity balance market on average for the period is calculated to be 

501DKK/MWh. Thus on average about 144DKK/MWh below the spot market price. 

In the column to the right in Table 19 a price index factor is shown.  It tells that the average balance-market 

price achieved is of about  78% of the average spot-market price for the period. It is likewise seen that the 

price required (for break-even or better of the total project) must be equal to or below  54% of the average 

spot market price (incl. delivery costs).       

  

Sensitivity on Balance market price variation:      
Currency: DKK level 2012

Electrolytic H2 to Transport  2021-2040 Electricity prices for Break-Even

Relative to 2021-2040 prices  

Electricity market prices achieved in average covering the period 2021-2040 Break-Even price/Average   

Factor

Spotmarket price  ab 10kV grid incl. transmission and distribution 645 DKK/MWh 1

Price average as buyer  2021-2040

Balance market LOW  /Buy  incl. transmission and distribution 501 DKK/MWh 0.78

Required for Break-Even  2021-2040

Break-Even TOTAL Project 351 DKK/MWh 0.54
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8.1.2 Hydrogen supplied into the Copenhagen Town Gas grid 
 

Table 20 Sensitivity analyses on price variation on a future electricity balance market. Case: Electrolytic 
hydrogen production to Copenhagen town gas grid injection 2021-2040 

 

Table 20  shows in accordance with the previous table that the average spot market price for the period is 

calculated as 645DKK/MWh, and that the electricity purchase cost at the estimated electricity balance 

market on average for the period is calculated to be 501DKK/MWh.  

For operation costs in this case to reach break-even or better the average electricity purchase price must be 

equal or below  323DKK/MWh electricity (which includes delivery costs of 229DKK/MWh). Due to 

incomplete data on the investments Total project break-even costs is not calculated in this case. 

  

Sensitivity on Balance market price variation:      
Currency: DKK level 2012

Electrolytic H2 to Town Gas Grid injection  2021-2040 Electricity prices for Break-Even

Relative to 2021-2040 prices  

Electricity market prices achieved in average covering the period 2021-2040 Break-Even price/Average   

Factor

Spotmarket price  ab 10kV grid incl. transmission and distribution 645 DKK/MWh 1

Price average as buyer  2021-2040

Balance market LOW  /Buy  incl. transmission and distribution 501 DKK/MWh 0.78

Required for Break-Even  2021-2040

Break-Even Operation costs 323 DKK/MWh 0.50
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8.1.3 Hydrogen for CHP via Fuel Cells 
 

In Table 21 result on the sensitivity analysis for the hydrogen and FC CHP based electricity storage system is 

given.  

The question asked: How much should the difference between the electricity purchase price and the 

electricity sales price increase for the project to reach break-even.   

Approach applied:   

A price scale factor is introduced. Purchase and sales prices are scaled using this one factor until break- 

even has been reached. The factor for to reach break-even on the operation costs and the factor to reach 

break-even for the total project costs are calculated as: 

Project operation costs to reach break-even: 

Reference Sales price must increase a factor:   1.26 

Reference Purchase price must decrease a factor:  1 /1.26  = 0.79 

 

Total project to reach break-even: 

Reference Sales price must increase a factor:   2.35 

Reference Purchase price must decrease a factor:  1 /2.35  = 0.43 

This scaling to reach break-even prices refers to the balance market prices. Power transmission and 

distribution costs are kept constant.  Results for break-even prices following this approach are shown in 

Table 21. 

Break-even for project operation: 

To reach break-even for the project operation costs (using this approach): 

The purchase price (on average at the balance market) :   444DKK/MWh  

(about 201DKK/MWh below the average spot market price for the period ab 

the 10kV grid).   

The sales price (on average at the balance market):      1018DKK/MWh 

(about 373DKK/MWh above the average spot market price for the period ab 

the 10kV grid).   

Thus, the minimum price difference between sales and purchase prices on average at the balance market 

during the period 2021-2040 must be equal to 574DKK/MWh.  
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Break-even for Total project: 

To reach break-even for the total project costs (according to this approach): 

The purchase price (on average at the balance market) :   344DKK/MWh  

(about 301DKK/MWh below the average spot market price for the period ab 

the 10kV grid).   

The sales price (on average at the balance market):      1702DKK/MWh 

(about 1057DKK/MWh above the average spot market price for the period ab 

the 10kV grid).   

Thus, the minimum price difference between sales and purchase prices on average at the balance market 

during the period 2021-2040 must be equal to 1358DKK/MWh.  

 

Table 21 Sensitivity analyses on price variation on a future electricity balance market. Case: Hydrogen for 
CHP via Fuel Cells. Period 2021-2040 

 

 

Except for the electricity prices in the sensitivity analysis, all parameters and data are maintained as 

assumed for the base case. Thus, e.g. heat prices are unchanged relative to the reference or base case. 

It must be re-emphasized that a number of operation cost elements and investment elements relevant for 

the analyses are not included (due to lack of data). Furthermore, it must be noted that externalities have 

not been addressed nor included. 

  

Sensitivity on Balance market price variation:      
Currency: DKK level 2012

Electrolytic H2 to Fuel Cell to CHP  2021-2040 Electricity prices for Break-Even

Relative to 2021-2040 prices  

Electricity market prices achieved in average covering the period 2021-2040 Break-Even price/Average   

Factor

Required for Break-Even  2021-2040

Break-Even TOTAL Project 1702 DKK/MWh 2.64

Break-Even Operation costs 1018 DKK/MWh 1.58

Price average for sales  2021-2040

Balance market UP  / Sales  incl. transmission and distribution 856 DKK/MWh 1.33

Spotmarket price  ab 10kV grid incl. transmission and distribution 645 DKK/MWh 1

Ab 10kV grid incl. transmission and distribution 229

Spotmarket price 417

Price average as buyer  2021-2040

Balance market DOWN  /Buy  incl. transmission and distribution 501 DKK/MWh 0.78

Required for Break-Even  2021-2040

Break-Even Operation costs 444 DKK/MWh 0.69

Break-Even TOTAL Project 344 DKK/MWh 0.53
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8.1.4 Hydrogen for CHP via Fuel Cells assuming improved electric efficiency 
 

Sensitivity analysis on the FC efficiency:   

CHP production using Fuel cells of improved electric efficiency and heat production will likely reduce break-

even prices, when it is furthermore assumed that prices and other variables are unchanged relative to the 

reference or base case.  

Assume a change of the reference assumption: FC capacity = 0.400MW electricity output 

FCel,eff=42.27% and  FCheat,eff= 42.27%  

To a HIGH efficiency FC  sensitivity assumption:  FC capacity = 0.567MW electricity output 

FCel,eff= 60,00% and FCheat,eff= 30.00% 

In these two cases the annual hydrogen consumption is the same. Therefore framework conditions, 

operation characteristics and capacities for the electrolyser and hydrogen storage components for these 

two sub-systems are the same. 

Results on both these cases are presented in section 7.4.  Improving the fuel cell capacity and efficiency 

improves the total project economy. The ‘new’ total deficit is calculated as  20.203mio.DKK for the period 

2021-2040 (from a deficit in the base case of 21.405mio.DKK). Thus the improved NPV income due to an 

improved efficiency and increased capacity, and thus an increased electricity generation, is  1.202mio. 

DKK covering the period 2021-2040. 
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Sensitivity analyse: Price variation required for break-even 

The price scaling factor required to reach break-even on the operation costs and the factor to reach break-

even for the total project costs are calculated as: 

Project operation costs to reach break-even: 

Reference Sales price must increase a factor:   1.05 

Reference Purchase price must decrease a factor:  1 /1.05  = 0.96 

 

Total project to reach break-even: 

Reference Sales price must increase a factor:   1.94 

Reference Purchase price must decrease a factor:  1 /1.94  = 0.52 

This scaling to reach break-even prices refers to the estimated balance market prices. Resulting break-even 
prices following this approach are shown in Table 22. Power transmission and distribution costs are kept 
constant and added to reach prices seen by the project (and shown in Table 22).   

Table 22 Sensitivity analyses on price variation on a future electricity balance market. Case: Hydrogen for 
CHP via Fuel Cells. Period 2021-2040. HIGH FC efficiencies: FC el,eff =60% and FC heat,eff =30%. 

 

Sensitivity on Balance market price variation:      
Currency: DKK level 2012

Electrolytic H2 to Fuel Cell to CHP  2021-2040 Electricity prices for Break-Even

Relative to 2021-2040 prices  

Electricity market prices achieved in average covering the period 2021-2040 Break-Even price/Average   

Factor

Required for Break-Even  2021-2040

Break-Even TOTAL Project 1445 DKK/MWh 2.24

Break-Even Operation costs 884 DKK/MWh 1.37

Price average for sales  2021-2040

Balance market UP  / Sales  incl. transmission and distribution 856 DKK/MWh 1.33

Spotmarket price  ab 10kV grid incl. transmission and distribution 645 DKK/MWh 1

Ab 10kV grid incl. transmission and distribution 229

Spotmarket price 417

Price average as buyer  2021-2040

Balance market DOWN  /Buy  incl. transmission and distribution 501 DKK/MWh 0.78

Required for Break-Even  2021-2040

Break-Even Operation costs 489 DKK/MWh 0.76

Break-Even TOTAL Project 369 DKK/MWh 0.57
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Break-even for project operation: 

From Table 9: To reach break-even for the project operation costs: 

The purchase price (on average at the balance market):   489DKK/MWh  

(about 156DKK/MWh below the average spot market price for the period ab 

the 10kV grid).   

The sales price (on average at the balance market):      884DKK/MWh 

(about 239DKK/MWh above the average spot market price for the period ab 

the 10kV grid).   

Thus, the minimum price difference between sales and purchase prices on average at the balance market 

during the period 2021-2040 must be equal to 395DKK/MWh.  

Break-even for Total project: 

To reach break-even for the total project costs (according to this approach): 

The purchase price (on average at the balance market) :   369DKK/MWh  

(about 276DKK/MWh below the average spot market price for the period ab 

the 10kV grid).   

The sales price (on average at the balance market):      1445DKK/MWh 

(about 800DKK/MWh above the average spot market price for the period ab 

the 10kV grid).   

Thus, the minimum price difference between sales and purchase prices on average at the balance market 

during the period 2021-2040 must be equal to 1076DKK/MWh.  

 

Comparing  5.1.3 and 5.1.4 results   

Comparing   ‘5.1.4 Hydrogen for CHP via Fuel Cells assuming improved electric efficiency, increased 

capacity but equal hydrogen consumption’ results  with  

‘5.1.3 Hydrogen for CHP via Fuel Cells’ results  

it is seen that the required price differences narrows in when efficiencies improve, as expected.  

Price difference required for break-even on 5.1.4 operation costs reduce to 395DKK/MWh compared to 

574DKK/MWh in the 5.1.3 case. (To 69% of the 5.1.3 base case price difference required). 

Price difference required for break-even on 5.1.4 total project costs reduce to 1076DKK/MWh compared to 

1358DKK/MWh in the 5.1.3 case. (To 79% of the 5.1.3 base case price difference required). 
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8.2 Basic electricity storage operation strategy: Buy cheap during night 

and sell during peak load 

 

Electrolytic hydrogen production from electricity purchased during 6 night time hours when the average 

spot market prices are relatively low.  

Average spot market prices for the period 2012-2040 are derived from the historic 2012 spot market prices 

show in Figure 3 . Average spot market prices covering the period 2021-2040 (645DKK/MWh) are on 

average a factor 1.164 above the 2012 average spot market prices (554DKK/MWh).   

Average prices achieved in average during the period 2021-2040: 

 Buy from spot market at 6 night hours.  Price on average:  233DKK/MWh electricity   

It has generally (and in accordance with assumptions made in the bases case) for the sensitivity analyses 

been assumed that the installed capacity for the electrolysis part of the sub-systems considered is 1MW 

electric.  

As was the situation in the base case analyses, the assumed market betting or electricity purchase strategy 

on the electricity market is ‘static’ and simple. ‘Static’ in the sense, that the daily purchase (in this case at 

the electricity spot market) is the same throughout the year.  Electricity in equal amounts (1MWhe/hour) is 

bought every night during the six hours, from  1 a.m. - 6 a.m.  

 

Main sub-system configuration 

Operation conditions for hydrogen sub-system components: 

 Electrolysis plant:  Annual full load hours:  2190hours/year   

   Efficiency AC-> H2:  91.4%  

 Hydrogen (daily) storage:  Storage capacity (size): 5.48MWh hydrogen.   
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8.2.1 Hydrogen for transport 
 

Electricity purchase:   6 Night hours at spot market in fixed amount (1MWh/h). (At low prices during night) 

Cost-benefit overview (conventional)

 

 

Investment costs associated with the hydrogen storage needs are significantly reduced (of about a factor 

30). This is seen by comparing these results with the base case results presented in Chapter 7.2.    

However, though a modest surplus on the annual operation of the plant of about 0.040 mio.DKK/year this 

cannot compensate for the investment costs that amount to about 0.404 mio.DKK/year.  

Thus, an annual total project deficit of about  0.364 mio.DKK/year can be expected.  

  

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 4.5104 0.404 5.489

Operation and maintenance 1.242 16.882

Other expenses 0.000 0.000

Total costs 1.646 22.371

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0000 0 0.000 0.000

Operation and maintenance 1.282 17.419

Other income 0.000 0.000

Total income, savings etc. 1.282 17.4

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 4.5104 0 0.404 5.489

Operation and maintenance -0.040 -0.537

Other expenses 0.000 0.000

Total Costs (net) 0.364 4.952
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8.2.2 Hydrogen supplied into the Copenhagen Town Gas grid 
 

Electricity purchase:  6 Night hours at spot market in constant rate. (At low prices during the night) 

Cost-benefit overview (conventional)

 

Investment costs associated with the hydrogen storage are significantly reduced (of about a factor 30). This 

reduction in the investment costs amounts to 3.233mio.DKK, as seen by comparing these results with the 

base case results presented in Chapter 7.3.    

 

  

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 4.510 0.404 5.489

Operation and maintenance 1.161 15.781

Other expenses 0.000 0.000

Total costs 1.565 21.270

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 0.761 10.342

Other income 0.000 0.000

Total income, savings etc. 0.761 10.3

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 4.510 0 0.404 5.489

Operation and maintenance 0.400 5.438

Other expenses 0.000 0.000

Total Costs (net) 0.804 10.927
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8.2.3 Hydrogen for CHP via Fuel Cells 
 

It is assumed that the former main strategic purpose of providing power regulation to the future power 

system is abandoned.  And that the new strategic purpose is to contribute to the supply of electricity at the 

spot market in peak load hours via operating the FC on hydrogen during the daytime.  

The hydrogen used has been produced via electrolysis from electricity purchased during night hours when 

spot market prices are relatively low.    

Main assumptions 

 

Operation strategy:   Supply of electricity during 12 peak hours in the daytime via FC  

using H2 produced via electrolysis during 6 night hours  

from electricity purchased at low night prices.  

 

Electricity purchase: 6 Night hours at spot market at constant rate. (Low prices during the night) 

Electricity sales:  12 Day hours at spot market at constant rate. (High prices) 

 

Average prices achieved in average during the period 2021-2040: 

 Buy from spot market at 6 night hours:   Price average  233DKK/MWh electricity   

 Sales to spot market 12 peak day hours:  Price average  378DKK/MWh electricity   

Operation conditions for hydrogen based fuel cell CHP component: 

 Fuel Cell plant:  Annual full load hours:   4380hours/year   

   Efficiency H2-> AC:   42.3%  

 

Discussion  

Comparing the present ‘Night/Day’-strategy with the former base case ‘Balance-Spot’-strategy it is seen 

that the average price difference is lower in this ‘Night/Day’-strategy compared to the former ‘Balance-

Spot’-strategy.  

Moreover, the achievable capacity factor or the number of full load hours for the electrolyser is about 2200 

hours/year in the ‘Night/Day’-strategy , and thus below the 3700 hours/year achieved in the former 

‘Balance-Spot’-strategy for electricity purchase.  

Requirements as to the size or capacity of the hydrogen storage in the system become relatively much 

smaller in the ‘Night/Day’-strategy (both assuming equal electrolyser capacity or assuming equal annual 

hydrogen production). 
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Main results: 

Cost-benefit overview (conventional)

 

Investment costs associated with the hydrogen storage are significantly reduced (of about a factor 18). This 

is seen by comparing these results with the base case results presented in Chapter 7.4. However the 

income from operating the plant is almost halved. And in total the project deficit has increased from about 

16mio.DKK in the reference or (‘power system balancing’ strategy) base case, to a NPV deficit of about 

18mioDKK in this ‘day-night’ operation strategy case.        

 

 

 

  

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.310 0.656 8.911

Operation and maintenance 1.248 16.955

Other expenses 0.000 0.000

Total costs 1.903 25.867

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 0.578 7.856

Other income 0.000 0.000

Total income, savings etc. 0.578 7.9

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 7.310 0 0.656 8.911

Operation and maintenance 0.670 9.100

Other expenses 0.000 0.000

Total Costs (net) 1.325 18.011
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8.3  Rate of calculation changed to 0% p.a.  

Main results applying an interest rate of 0%p.a. Results using 4%p.a. (base case) are shown in Chapter 7.  

8.3.1 Hydrogen for transport. Period 2021-2040  

 

8.3.2 Hydrogen supplied into the Copenhagen Town Gas grid. Period 2021-2040 

 

 

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.7433 0.461 9.210

Operation and maintenance 2.110 42.200

Other expenses 0.000 0.000

Total costs 2.571 51.411

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0000 0 0.000 0.000

Operation and maintenance 2.174 43.476

Other income 0.000 0.000

Total income, savings etc. 2.174 43.5

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 7.7433 0 0.461 9.210

Operation and maintenance -0.064 -1.275

Other expenses 0.000 0.000

Total Costs (net) 0.397 7.935

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.743 0.461 9.210

Operation and maintenance 1.969 39.375

Other expenses 0.000 0.000

Total costs 2.429 48.586

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 1.293 25.864

Other income 0.000 0.000

Total income, savings etc. 1.293 25.9

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 7.743 0 0.461 9.210

Operation and maintenance 0.676 13.511

Other expenses 0.000 0.000

Total Costs (net) 1.136 22.722
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8.3.3 Hydrogen for CHP via Fuel Cells. Period 2021-2040 

 

 

Comment: 

Altering the rate of calculation from the 4%p.a. used in the base case to 0%p.a. does not alter the general 

recommendations described in Chapter 7.5.  

 

 

 

  

Overall costs (total) Investment Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 9.189 0.579 11.590

Operation and maintenance 1.512 30.234

Other expenses 0.000 0.000

Total costs 2.091 41.824

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.0 0 0.000 0.000

Operation and maintenance 1.124 22.483

Other income 0.000 0.000

Total income, savings etc. 1.124 22.5

Net result:         Diff. =  Costs  -  Income  Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments 9.189 0 0.579 11.590

Operation and maintenance 0.388 7.751

Other expenses 0.000 0.000

Total Costs (net) 0.967 19.341
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9 Data on electricity prices and CO2 content  

9.1 Historic hourly prices 2012  

 

Figure 1 Historic 2012 Balance and Spot Market Prices. Nord Pool DK-East  Electricity Market 

 

 

Figur 2  ‘Zoom in’ on historic 2012 Balance and Spot Market Prices. Nord Pool DK-East  Electricity Market 
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Figure 3 Historic electricity Spot Market Prices.  Average daily price variation for DK-East 2012. 

 

9.2 DEA forecast: Electricity and Heat prices 2021-2035 

 

 

Figur 4 DEA 2012 Forecast : DK Electricity and District Heat (annual average) prices up to 2035 
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9.3 DEA forecast: CO2 content for Electricity and Heat 2021-2035 

 

 

Figure 5 DEA 2012 Forecast: DK CO2 content for Electricity, District Heat, Natural Gas and Gasoline  up to 
2035 
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11 WP2 Annex 

11.1 Annex 1. Hydrogen for transport 

11.1.1 Energy conversion 
 

 

Energy - output/substitution (-)

El El via H2  substitute EL MWh/year, El 0

Hydrogen H2 substitute Gasoline MWh/year H2 3379

Town gas / NG ? H2  substitute Town gas / NG MWh/year, NG 0

 Heat Heat from FC, electrolysis and H2 compressionMWh/year, Heat 79

Cooling Cooling via H2 de-compression MWh/year, Cooling 0

 Other Sales of O2 substitude fossil energy MWh/year 0

Sum MWh/year 3457

Energy-input/consumption (+)

Electricity sum: MWh/year, El 3748

El for electrolysis MWh/year, El 3528

El for H2 Storage compressor MWh/year, El 8

El for Dispenser compressor MWh/year, El 212

El for Grid Injector to Towngas/ NG systemMWh/year, El 0

El for FC plant (input) MWh/year, El 0

 El for other processes / pumps, purification of water etc.MWh/year 0

Gasoline / BenzinTransport fuels MWh/year, gasoline 0

Heat Heat consumption / H2 decompressor? MWh/year 0

  Cooling Coling of H2 for dispenser, storage MWh/year 0

Other Construction phase ? MWh/year 0

Sum MWh/year 3748

 Net Loss   (Output - Input) MWh/Year -291

 Overall energy efficiency  (Output / Input) % 92
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11.1.2 CO2 consequence 

 

CO2 balance

 CO2-reduced (-)

El El via H2  substitute EL ton CO2/year 0

Hydrogen H2 substitute Gasoline ton CO2/year -900

Town gas / NG ? H2  substitute Town gas / NG ton CO2/year 0

 Heat Heat from FC, electrolysis and H2 compressionton CO2/year -11

Cooling Cooling via H2 de-compression ton CO2/year 0

 Other Sales of O2 substitude fossil energy ton CO2/year 0

Sum ton CO2/year -911

CO2-emitted (+)

El for electrolysis ton CO2/year 0

 El for other processes / pumps etc. ton CO2/year 33

Transport fuels ton CO2/year 0

  Heat consumption / H2 decompressor ton CO2/year 0

Other ton CO2/year

Sum ton CO2/year 33

 CO2-emission net

CO2-emission ton CO2/year -878

CO2-emission reduction / MWh el kg CO2/MWh el input -234

CO2-emission reduction / Ton Hydrogen kg CO2/kg H2 output -10
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11.1.3 Details on cost and income items: 

 

 

 

     

Overall costs (total) Investment Life Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.743 0.642 8.722

Site / Infrastructure etc. 0.000 0.000 0.000

Electrolyser 4.401 20 0.396 5.380

Hydrogen storage 3.342 20 0.246 3.342

Dispenser for hydrogen gas (pressurised) 0.000 20 0.000 0.000

Gas grid H2 injector 0.000 0.000 0.000

FC on H2 for CHP 0.000 0.000 0.000

Other

Operation and maintenance 2.057 2.057 27.962

Site / Infrastructure etc. 0.000 1 0.000 0.000

Electrolyser 1.883 1 1.883 25.593

Hydrogen storage 0.037 1 0.037 0.509

Dispenser for hydrogen gas (pressurised) 0.137 1 0.137 1.860

Gas grid H2 injector (hydrogen gas (de)pressurised) 0.000 1 0.000 0.000

FC on H2 for CHP 0.000 1 0.000 0.000

Other

Other expenses 0.000 0.000

Total costs 2.699 36.684

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0.000 0.000

Operation and maintenance 2.164 2.164 29.414

H2 production / sales 1.944 1 1.944 26.423

Electricity production / sales 0.000 1 0.000 0.000

Heat production / sales 0.020 1 0.020 0.277

Cooling production / sales 0.000 1 0.000 0.000

O2 production / sales 0.000 1 0.000 0.000

Other 0.000 1 0.000 0.000

Other income / Environment

CO2 emission reduction 0.200 1 0.200 2.714

Hydrogen substituting diesel fuel 0.197 1 0.197 2.682

Electricity / CO2 emission reduction 0.000 1 0.000 0.000

Heat substituting district heat / CO2 emission reduction 0.002 1 0.002 0.032

O2 / CO2 emission reduction 0.000 1 0.000 0.000

Other 0.000 0.000 0.000

Total income, savings etc. 2.164 29.414
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11.2 Annex 2. Hydrogen supplied into the Copenhagen Town Gas grid 

11.2.1 Energy conversion 
 

 

11.2.2 CO2 consequence 

 

Energy - output/substitution (-)

El El via H2  substitute EL MWh/year, El 0

Hydrogen H2 substitute Gasoline MWh/year H2 0

Town gas / NG ? H2  substitute Town gas / NG MWh/year, NG 3379

 Heat Heat from FC, electrolysis and H2 compressionMWh/year, Heat 79

Cooling Cooling via H2 de-compression MWh/year, Cooling 0

 Other Sales of O2 substitude fossil energy MWh/year 0

Sum MWh/year 3457

Energy-input/consumption (+)

Electricity sum: MWh/year, El 3536

El for electrolysis MWh/year, El 3528

El for H2 Storage compressor MWh/year, El 8

El for Dispenser compressor MWh/year, El 0

El for Grid Injector to Towngas/ NG systemMWh/year, El 0

El for FC plant (input) MWh/year, El 0

 El for other processes / pumps, purification of water etc.MWh/year 0

Gasoline / BenzinTransport fuels MWh/year, gasoline 0

Heat Heat consumption / H2 decompressor? MWh/year 0

  Cooling Coling of H2 for dispenser, storage MWh/year 0

Other Construction phase ? MWh/year 0

Sum MWh/year 3536

 Net Loss   (Output - Input) MWh/Year -79

 Overall energy efficiency  (Output / Input) % 98

CO2 balance

 CO2-reduced (-)

El El via H2  substitute EL ton CO2/year 0

Hydrogen H2 substitute Gasoline ton CO2/year 0

Town gas / NG ? H2  substitute Town gas / NG ton CO2/year -692

 Heat Heat from FC, electrolysis and H2 compressionton CO2/year -11

Cooling Cooling via H2 de-compression ton CO2/year 0

 Other Sales of O2 substitude fossil energy ton CO2/year 0

Sum ton CO2/year -703

CO2-emitted (+)

El for electrolysis ton CO2/year 0

 El for other processes / pumps etc. ton CO2/year 1

Transport fuels ton CO2/year 0

  Heat consumption / H2 decompressor ton CO2/year 0

Other ton CO2/year

Sum ton CO2/year 1

 CO2-emission net

CO2-emission ton CO2/year -702

CO2-emission reduction / MWh el kg CO2/MWh el input -198

CO2-emission reduction / Ton Hydrogen kg CO2/kg H2 output -8
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11.2.3 Details on cost and income items: 

 

 

  

Overall costs (total) Investment Life Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 7.743 0.642 8.722

Site / Infrastructure etc. 0.000 0.000 0.000

Electrolyser 4.401 20 0.396 5.380

Hydrogen storage 3.342 20 0.246 3.342

Dispenser for hydrogen gas (pressurised) 0.000 20 0.000 0.000

Gas grid H2 injector (hydrogen gas (de)pressurised) 0.000 0.000 0.000

FC on H2 for CHP 0.000 0.000 0.000

Other

Operation and maintenance 1.921 1.921 26.102

Site / Infrastructure etc. 0.000 1 0.000 0.000

Electrolyser 1.883 1 1.883 25.593

Hydrogen storage 0.037 1 0.037 0.509

Dispenser for hydrogen gas (pressurised) 0.000 1 0.000 0.000

Gas grid H2 injector (hydrogen gas (de)pressurised) 0.000 1 0.000 0.000

FC on H2 for CHP 0.000 1 0.000 0.000

Other

Other expenses 0.000 0.000

Total costs 2.562 34.824

Income / Savings Investments substituted, income, savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0.000 0.000

Operation and maintenance 1.285 1.285 17.464

H2 production / sales 1.111 1 1.111 15.093

Electricity production / sales 0.000 1 0.000 0.000

Heat production / sales 0.020 1 0.020 0.277

Cooling production / sales 0.000 1 0.000 0.000

O2 production / sales 0.000 1 0.000 0.000

Other 0.000 1 0.000 0.000

Other income / Environment

CO2 emission reduction 0.154 1 0.154 2.094

Hydrogen substituting Natural Gas 0.152 1 0.152 2.062

Electricity / CO2 emission reduction 0.000 1 0.000 0.000

Heat substituting district heat / CO2 emission reduction 0.002 1 0.002 0.032

O2 / CO2 emission reduction 0.000 1 0.000 0.000

Other 0.000 0.000 0.000

Total income, savings etc. 1.285 17.464
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11.3 Annex 3. Hydrogen for CHP via Fuel Cells (42% el.eff.) 

11.3.1 Energy conversion 

 

11.3.2 CO2 consequence 

 

Energy - output/substitution (-)

El El via H2  substitute EL MWh/year, El 1283

Hydrogen H2 substitute Gasoline MWh/year H2 0

Town gas / NG ? H2  substitute Town gas / NG MWh/year, NG 0

 Heat Heat from FC, electrolysis and H2 compression MWh/year, Heat 1357

Cooling Cooling via H2 de-compression MWh/year, Cooling 0

 Other Sales of O2 substitude fossil energy MWh/year 0

Sum MWh/year 2640

Energy-input/consumption (+)

Electricity sum: MWh/year, El 3182

El for electrolysis MWh/year, El 3169

El for H2 Storage compressor MWh/year, El 13

El for Dispenser compressor MWh/year, El 0

El for Grid Injector to Towngas/ NG system MWh/year, El 0

El for FC plant (input) MWh/year, El 0

 El for other processes / pumps, purification of water etc.MWh/year 0

Gasoline / BenzinTransport fuels MWh/year, gasoline 0

Heat Heat consumption / H2 decompressor? MWh/year 0

  Cooling Coling of H2 for dispenser, storage MWh/year 0

Other Construction phase ? MWh/year 0

Sum MWh/year 3182

 Net Loss   (Output - Input) MWh/Year -542

 Overall energy efficiency  (Output / Input) % 83

CO2 balance

 CO2-reduced (-)

El El via H2  substitute EL ton CO2/year -193

Hydrogen H2 substitute Gasoline ton CO2/year 0

Town gas / NG ? H2  substitute Town gas / NG ton CO2/year 0

 Heat Heat from FC, electrolysis and H2 compression ton CO2/year -187

Cooling Cooling via H2 de-compression ton CO2/year 0

 Other Sales of O2 substitude fossil energy ton CO2/year 0

Sum ton CO2/year -379

CO2-emitted (+)

El for electrolysis ton CO2/year 0

 El for other processes / pumps etc. ton CO2/year 2

Transport fuels ton CO2/year 0

  Heat consumption / H2 decompressor ton CO2/year 0

Other ton CO2/year

Sum ton CO2/year 2

 CO2-emission net

CO2-emission ton CO2/year -377

CO2-emission reduction / MWh el kg CO2/MWh el input -119

CO2-emission reduction / Ton Hydrogen kg CO2/kg H2 output -5
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11.3.3 Details on cost and income items: 

 

   

Overall costs (total) Life Annuity NPV

mio. DKK mio.DKK / year mio. DKK

Investments 16.315 1.402 19.058

Site / Infrastructure etc. 0.000 0.000 0.000

Electrolyser 4.401 20 0.396 5.380

Hydrogen storage 3.975 20 0.293 3.975

Dispenser for hydrogen gas (pressurised) 0.000 20 0.000 0.000

Gas grid H2 injector (hydrogen gas (de)pressurised) 0.000 0.000 0.000

FC on H2 for CHP 7.938 0.714 9.703

Other

Operation and maintenance 1.927 1.927 26.183

Site / Infrastructure etc. 0.000 1 0.000 0.000

Electrolyser 1.698 1 1.698 23.080

Hydrogen storage 0.046 1 0.046 0.628

Dispenser for hydrogen gas (pressurised) 0.000 1 0.000 0.000

Gas grid H2 injector (hydrogen gas (de)pressurised) 0.000 1 0.000 0.000

FC on H2 for CHP 0.182 1 0.182 2.475

Other

Other expenses 0.000 0.000

Total costs 3.329 45.241

Income / Savings Annuity NPV

mio.DKK Year mio.DKK/year mio.DKK

Investments substituted 0.000 0.000 0.000

Operation and maintenance 1.842 1.842 25.037

H2 production / sales 0.000 1 0.000 0.000

Electricity production / sales 1.558 1 1.558 21.174

Heat production / sales 0.255 1 0.255 3.460

Cooling production / sales 0.000 1 0.000 0.000

O2 production / sales 0.000 1 0.000 0.000

Other 0.000 1 0.000 0.000

Other income / Environment

CO2 emission reduction 0.030 1 0.030 0.403

Hydrogen substituting diesel fuel 0.000 1 0.000 0.000

Electricity / CO2 emission reduction 0.000 1 0.000 0.000

Heat substituting district heat / CO2 emission reduction 0.030 1 0.030 0.403

O2 / CO2 emission reduction 0.000 1 0.000 0.000

Other 0.000 0.000 0.000

Total income, savings etc. 1.842 25.037


