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Smart energy systems and sector coupling

Power to other sectors

• Direct and indirect electrification

Others to power sector

• Flexibility and storage
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UK Summary of DTU Sector Development report about Smart Energy Systems. July 2020
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MarE-fuel

Electro-fuels for long-range maritime transport

• Scope; 

o Identify the most promising fuels and their synthesis routes for future sustainable shipping 

o Compare candidate fuels with respect to energy efficiency, emissions and cost to the 

operator

• Partners 

» DTU Management, DTU Energy, DTU Mechanical Engineering

» Maersk Line A/S

» OMT, Odense Maritime Technology

» DFDS

» Copenhagen Economics and Torben A. Sørensen
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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Fuel production
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Transport Fuels
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Roadmaps for green fuels - an appetizer
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Electricity sources 

and prices

Biomass and bioCO2 

availability scenarios

Green fuel prices TCO ship owner Roadmaps

Emission caps

Shipping demands

and stock

Plant investments 

and efficiencies

WTT and TTW 

emissions Required CO2 tax

https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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Where ? 4 representatives weather profiles are tested
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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Fuel plant system
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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How ? 4 differents power supply configurations are tested
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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GHG emissions w/wo grid 2020 (kg CO2e/GJ)
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Fuel prices
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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Behind-The-

Meter(BHM) 

with grid
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Electricity from grid

2020 2030 2050

NH3 19% 48% 54%

Bio-e-

MeOH
18% 51% 53%

No Ramping Constraint
https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport
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Behind-The-

Meter (BHM)
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https://orbit.dtu.dk/en/projects/electro-fuels-for-long-range-maritime-transport



DTU Management

Conclusion

• The cheapest production is with mixed own production and grid consumption - due to 

avoided storages and/or oversizing of production units

• This leaves issues with emissions related to grid electricity production

• When off-grid, there is high value of a high capacity factor from own power production

from wind and solar

• Incomes from sales of by-products (e.g. O2 and heat) may contribute to competitiveness

• Biofuels might be cheaper at first, but ammonia may become cheaper in the longer term

• Using black electricity for "green" fuels must be avoided. 
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Upscaling requirements

• Wind turbines (or solar cells) : 10 – 25 times current annual installation rate. 

• Chemical synthesis: 1.5 to 4.5 times the 2020 production rate. 

• Electrolysis: more than by a factor of 1000 (or in other words 4000 years at current build 

up rate)

– Today only ~0,3 GW is currently in operation and the annual build up rate is ca. 0,2 

GW/year. 
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Potential electricity demand increases
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(A Clean Planet for all -A European long-term strategic vision for a prosperous, modern, competitive and climate neutral economy” EU Commission, Nov 2018)
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European hydrogen backbone

• "Amongst other measures, REPowerEU introduces an 

ambition to reach an additional 15 million tonnes (Mt) of 

renewable hydrogen on top of the 5.6 Mt foreseen under 

Fit for 55, going beyond the targets of the EU’s hydrogen 

strategy" (well before 2030)

• https://www.ehb.eu/files/downloads/ehb-report-220428-17h00-

interactive-1.pdf

17



DTU Management

PtX planer i Danmark 2022

https://brintbranchen.dk/danske-brintprojekter
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Larger PtX project plans in Denmark 2022

Name Place Capacity 

(MWel)

Product Partners

Green Fuels 

for DK

København 1300 Jet fuel Ørsted, SAS, Copenhagen 

Airports, Mærsk, DFDS, DSV, 

Nel, Haldor Topsøe, Everfuel

H2 Energy 

Europe

Esbjerg 1000 Hydrogen for road 

transport

Trafigura and H2 Energy

HØST Esbjerg 1000 Ammonia, district 

heating

CIP, DIN Forsyning, Danish 

Crown, DLG, Arla, Mærsk and 

DFDS

HySynergy Fredericia 1000 Hydrogen for 

refining

Crossbridge Energy, Aktive

Energi Anlæg, Trefor Elnet, 

Energinet, TVIS, EWII
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PtX in Greenland?

• "Two hydropower plants north of Nuuk in 

Tasersiaq and Tarsartuup Tasersua. By next 

year already, the Greenlandic government 

expects to carry out a tender for the two 

facilities. With a capacity of 600MW and 

200MW, respectively, construction of the 

projects is slated to start in 2027."

• "With a total energy consumption in all 

sectors of around 2.5TWh, however, the 

project is quite scaled to Greenlandic 

consumption solely. Preliminary studies also 

show that the two power stations will see 

annual generation of around 6.5TWh" 

EnergyWatch 11/5 2022

https://energywatch.com/EnergyNews/Renewables/article14008169.e

ce
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Value creation/ roles of the state I/II
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By Anupama

Sen, Oxford and 

Tooraj Jamasb, 

CBS

Norway has earned twice as 

much on their oil as the UK with 

a proprietory regime rather than

a liberal taxation approach
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Value creation/ roles of the state I/II
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By Anupama

Sen, Oxford and 

Tooraj Jamasb, 

CBS
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DTU PtX projects
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Contact: Prof Anke Hagen



DTU Management 26



DTU Management

Green ammonia 
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H2 NH3

StorageCatalysis

SOEC

N
2

Cryogenic air separation

N2

SOC4NH3

NH3

SOFC

SOFC4Maritime

For shipping

RTE NH3 (SOC): 45-50 %

RTE H2 (SOC): 35-40 %

RTE H2 current 25-30 %

~25 %

~60 %

2NH3+🔥 ➝ 3H2+N2

H2+½O2 ➝ H2O+🔥+⚡️

H2O+🔥+⚡️➝H2+½O2

3H2+N2➝ NH3+🔥

Contact: Prof Henrik Lund Frandsen
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COMPAS
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HØST

Electrolyzer

WP3 Ammonia plant configuration

Harber Bosch loop

H2

Heat

+
-

+ -

Power

Time

Grid sales

Electrolyser 

capacityNH3 production

WP2 Ammonia plant operation WP1 Electrolyzer development

V

Time

AEC
SOEC

10 years

Contact: Prof Henrik Lund Frandsen
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Ammonia production, using hybrid plants, REFORGE
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With hybrid plants electrolysis is already cost-
competetive - where electricity cost is low

Contact: Prof Henrik Lund Frandsen
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The end ☺

Marie Münster, maem@dtu.dk

Twitter: @MarieMynster

LinkedIn: https://www.linkedin.com/in/marie-münster-b161293

Website: https://orbit.dtu.dk/en/persons/marie-münster
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Estimated costs of Green fuels, 2020, 2030 and 2050
Cheapest is mixed own production and grid connected
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Cost of Electricity

Cost of Biomass
Efficiency of plant Capex of plant

Technology catalogue

Specific site, local Optimisation 

BOP modelling 

BOP component cost assessment

•

- 561 €/t

- 582 €/t - 462 €/t  
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Results off-grid: optimal installed power capacities
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Solar 

tracking

Onshore 

wind turbines 

with high

capacity

factor. But 

not the 

lowest

LCOE.
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Biomass availability scenarios
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Resource

availability
Low Medium High

Possible 

biofuel

Crop residues 15 EJ 43 EJ 70 EJ
Methanol/

Pyrolysis oil

Forestry residues 13 EJ 14 EJ 15 EJ
Methanol/

Pyrolysis oil

Black Liquor 2 EJ 2 EJ 2 EJ
Methanol/

Pyrolysis oil

Manure
Used in 

industry
7 EJ* 13 EJ* LBG

Organic waste
Used in 

industry
1 EJ* 2 EJ* LBG

*biogas potential

Total 30 EJ 67 EJ 102 EJ

How much biomass is available for 

shipping fuels?

• Biomass is limited to residuals

• Competing sectors are served first

• No development in annual biomass 

availability over time

Scenarios for biomass availability to 

shipping sector:

• High biomass availability low 

competing demand

• Medium biomass availability 

medium competing demand

• Low biomass availability low 

competing demand
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Projected low (left) and high (right) competing demand from 2020 to 2050. 

The medium scenario is the midpoint between the two.Own calculation using data from 1(IEA, 2019)  2(IRENA, 2020) 3(ICAO, 2019) 4(IEA, 

2018) 5(IEA, 2021) *conversion factor for jet kerosene 43.15 MJ/kg **efficiency 

going from 30% in 2020 to 40% in 2050.

Competing demand

Biomass 

for electricity

9 EJ5** 30 EJ

2020

1. IEA. Marine bunkers product demand, 2015-2024 [Internet]. 2019. Available from: https://www.iea.org/data-and-

statistics/charts/marine-bunkers-product-demand-2015-2024

2. IRENA. Global Renewables Outlook: Energy transformation 2050 [Internet]. International Renewable Energy Agency. 

2020. 292 p. Available from: https://www.irena.org/publications/2020/Apr/Global-Renewables-Outlook-2020

3. ICAO. Environmental Trends in Aviation to 2050 [Internet]. 2019 Environmental Report. 2019. Available from: 

https://www.icao.int/environmental-protection/pages/envrep2019.aspx

4. IEA. The Future of Petrochemicals. 2018.

5. IEA. Net zero by 2050. 2021.
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Biofuel availability for shipping
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High biomass availability low competing demand (HBLD) Medium biomass availability medium competing demand (MBMD)

Low biomass availability low competing demand (LBLD)

HBLD: A very optimistic scenario with room for producing low 

carbon efficient fuels.

MBLD: An optimistic scenario with some availability on the short 

term, but if the pyrolysis oil route is chosen these are very limited.

LBLD: With low biomass availability there is essentially no biofuel 

availability to the shipping sector even with a low competing 

demand.

 -

 20

 40

 60

 80

 100

 120

2020 2025 2030 2035 2040 2045 2050

E
J

MET-e-bio PO LBG MET-CCU

 -

 20

 40

 60

 80

 100

 120

2020 2025 2030 2035 2040 2045 2050

E
J

MET-e-bio PO LBG MET-CCU

 -

 20

 40

 60

 80

 100

 120

2020 2025 2030 2035 2040 2045 2050

E
J

LBG MET-e-bio PO MET-CCU

 -

 20

 40

 60

 80

 100

 120

2020 2025 2030 2035 2040 2045 2050

E
J

LBG MET-e-bio PO MET-CCU

 -

 20

 40

 60

 80

 100

 120

2020 2025 2030 2035 2040 2045 2050

E
J

LBG MET-e-bio PO MET-CCU



DTU Management

Sector coupling in EU
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Focus on electrification

Technological overview

1. Power to heating and cooling (PtH)

2. Power to mobility (EV)

3. Power to gas/ fuels (PtX)

- Status

- Potential

- Barriers

https://www.etip-snet.eu/sector-coupling-concepts-state-art-
perspectives/

https://energypolicycast.podbean.com/e/sect

or-vector-and-smart-sector-coupling/

www.superp2g.eu
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