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Thermomix ®
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Power-to-X

Please give an estimate of the total production cost of:

• Power-to-hydrogen (electrolyser)

• Power-to-methane (+ methanation reactor)

• Power-to-power (+ hydrogen storage and fuel cell)

• Power-to-liquid (+ Fischer-Tropsch reactor)

𝐿𝐶𝑂𝑋 =
𝐶𝐴𝑃𝐸𝑋 +  

𝑂𝑃𝐸𝑋
 1 + 𝑟 𝑦

𝑛
𝑦=1

 
𝐸𝑋𝑦

 1 + 𝑟 𝑦
𝑛
𝑦=1

         

Parra et al. (2019) Perspective of Power-to-X technologies in Switzerland

Production 

cost
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Power-to-X

www.menti.com

Introduce the code

40 50 6

http://www.menti.com/


5

David Parra, February 21, 2020

3.9

7.8

11.7

15.6

19.5

13.4

17.8

31.2

1.5

3.0

4.6

6.1

7.6

9.1

17.8

12.2

$/kgH2$/MWhth $/kgCH4 $/MWhe $/MWhth

0 0 0

0.9

1.7

2.6

3.4

4.3

5.1

6.0

6.8

$/litre

gasoline eq.P2H P2M P2P P2L$/MWhth

Battery

PHS

Production costs of PtX systems

Cost of conventional technology or alternative

Projected levelised cost by 2050

Parra et al. (2019) White paper Power-to-X; Detz et al. (2019), Energy Environ Scie.
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Electricity supply: levelised cost

Source: D. Parra et al. (2017), Applied Energy

Electricity!

Paradigm change
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Cost and value gap

3 Smart electricity supply

4 Combination of applications

5 Energy system analysis

Source: D. Parra et al. (2019), Sustainable and Renewable Energy Reviews

1 Technology progress

2 Scale
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Technology progress: Learning rate

Source: Staffel et al. (2019), Energy Environ Scie.

Example for fuel cells

-Learning-by-doing

-Learning-by-

searching

-Economies-of-scale

-Automation
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Technology progress

Detz et al. (2019), Energy Environ Scie.

Learning rate (LR): Cost

Cumulative annual growth rate (CAGR)

Alkaline electrolysis current 

installed capacity

21 GW

PEM electrolysis current 

installed capacity

0.8 GW
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Cost and value gap

3 Smart electricity supply

4 Combination of applications

5 Energy system analysis

Source: D. Parra et al. (2019), Sustainable and Renewable Energy Reviews

1 Technology progress

2 Scale
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Scale

Source: Parra et al. (2016), International Journal of Hydrogen Energy

Scale 

matters

1kW

6 MW
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Scale

Source: Parra et al. (2016), International Journal of Hydrogen Energy

- The larger the plant, the better

- But improvement becomes smoother



13

David Parra, February 21, 2020

Scale

Source: Parra et al. (2016), International Journal of Hydrogen Energy

𝑪𝒐𝒔𝒕𝒔𝒕𝒂𝒄𝒌 =
𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒑𝒍𝒂𝒏𝒕

𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕

𝟎.𝟕

× 𝒄𝒐𝒔𝒕𝒔𝒕𝒂𝒄𝒌 × 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕

𝑪𝒐𝒔𝒕𝑩𝒐𝑷−𝒊𝒏𝒗 =
𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒑𝒍𝒂𝒏𝒕

𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕

𝟎.𝟕

× 𝒄𝒐𝒔𝒕𝑩𝒐𝑷−𝒊𝒏𝒗𝒗 × 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕

𝑪𝒐𝒔𝒕𝒎𝒂𝒊𝒏𝒕 =
𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒑𝒍𝒂𝒏𝒕

𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕

𝟎.𝟔

× 𝒄𝒐𝒔𝒕𝒎𝒂𝒊𝒏𝒕 × 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆−𝒑𝒍𝒂𝒏𝒕
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Cost and value gap

3 Smart electricity supply

4 Combination of applications

5 Energy system analysis

Source: D. Parra et al. (2019), Sustainable and Renewable Energy Reviews

1 Technology progress

2 Scale
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Electricity supply

Source: Kober et al. (2019) Perspective of Power-to-X in Switzerland

1) Electricity price; 2) efficiency; 3) CAPEX

Winter break
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Electricity supply:  available options

Source: H. Aymane et al. (2019), International Journal of Hydrogen Energy
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Electricity supply:  capacity factor

Source: H. Aymane et al. (2019), International Journal of Hydrogen Energy

Swiss  case
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Electricity supply:  levelised cost

Source: H. Aymane et al. (2019), International Journal of Hydrogen Energy

10 MW PtM plant with CO2 captured from the air

Combinations of supply
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Electricity supply:  wholesale market

Source: D. Parra & M. Patel (2016), International Journal of Hydrogen Energy

10 MW PtH plant

Scale
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Electricity supply: NPV per CAPEX

Source: H. Aymane et al. (2019), International Journal of Hydrogen Energy

10 MW plant with CO2 captured from the air

The hydropower paradox

𝑁𝑃𝑉𝑝𝑒𝑟  𝐶𝐴𝑃𝐸𝑋 =  
𝐶𝐹𝑖

(1 + 𝑟)𝑖 × 𝐶𝐴𝑃𝐸𝑋

𝑛

𝑖=1

− 1   1 
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Renewable electricity outlook in 2025

Source: H. Aymane et al. (2019), International Journal of Hydrogen Energy

P2H

P2M (CO2 from air)

P2M (CO2 from 

biogas)

10 MW 

The cost trajectories of renewable technology matter more

Wind technology with P2H by 2025 could reach the break-even point

PV Wind
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Cost and value gap

3 Smart electricity supply

4 Combination of applications

5 Energy system analysis

Source: D. Parra et al. (2019), Sustainable and Renewable Energy Reviews

1 Technology progress

2 Scale
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Benefit stacking

Cost Value Cost Value
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Benefit stacking

- Could you enumerate the revenue streams, i.e. 

products and services a PtG system can create?

www.menti.com

Use the code

40 50 6

http://www.menti.com/
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Benefit stacking-key markets

Key process step

Methanation

Electrolysis

Electrification 

(fuel cell)

Fischer-Tropsch process

Main output product Potential markets

Hydrogen

• Hydrogen market (industrial uses)

• Natural gas market (H2 injection in 
natural gas grid)

• Mobility fuel market (H2 as fuel)

• Ancillary services market

Methane
• Natural gas market

• Biogas market

• Mobility fuel market (CNG)

Synthetic fuel
• Mobility fuel market (synthetic 

fuel)

• Industrial market for synthetic fuel

Electricity
• Electricity market (future, spot 

market, intraday)

• Ancillary services market

Methanol synthesis Methanol
• Mobility fuel market (methanol)

• Industrial market for methanol

Source: B. Steffen and T. Schmidt (2019) Perspective of Power-to-X in Switzerland
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Benefit stacking

Source: Parra et al. (2017), Applied Energy
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Benefit stacking

Source: D. Parra et al. (2017) Applied Energy

𝐿𝑉𝑂𝐸𝑆 =

 𝑖=1
𝑛 𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠𝑖

1 + 𝑟 𝑖

 𝑖=1
𝑛 𝐸𝑖

1 + 𝑟 𝑖

 

 
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Benefit stacking-Heat

Source: D. Parra et al. (2019), International Journal of Hydrogen Energy

System 
Temperature 

range 
Amount of heat 

generated 
Potential heat applications 

and related heat price 

PEM and alkaline 
Electrolysers 

60 °C-100 °C 
Up to 25% of 

electricity input 

Residential (5-25 c€/kWh), 3rd 
and 4th district heating 

generation (40-80 €/MWh), 
and industrial (e.g., food) 

Methanation 
reactor 

250 °C-500 °C 
Up to 20% of 

hydrogen input 

Residential (5-25 c€/kWh), 
any district heating scheme 

(40-80 €/MWh) and industrial 
(e.g., chemical) 

PEMFC system 60 °C-100 °C 
Up to 60% of 

hydrogen input 

Residential (5-25 c€/kWh), 3rd 
and 4th district heating 

generation (40-80 €/MWh) 
and industrial (e.g.,food) 

SOFC system 600°C-800°C 
Up to 40% of 

hydrogen input 
[11] 

Residential (5-25 c€/kWh), 
any district heating scheme 

(40-80 €/MWh), and industrial 
(e.g., metal and mineral) 
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Benefit stacking-Heat

Source: ICAX (2019), www.icax.co.uk
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Benefit stacking-frequency control

Source: Swissgrid

Frequency control markets in Switzerland
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Benefit stacking-electricity storage

Source: Abdon et al. (2017), Energy

100 MW system

Seasonal storage

1 MW system
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Cost and value gap

3 Smart electricity supply

4 Combination of applications

Source: D. Parra et al. (2019), Sustainable and Renewable Energy Reviews

1 Technology progress

2 Scale

5 Energy system analysis
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Energy system analysis-Location

Source: Teske et al. (2019), Power-to-gas potential in Switzerland 
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Energy system analysis-Location

Source: Teske et al. (2019), Power-to-gas potential in Switzerland 

CEM: cement plant

kVA: waste incineration plant

ARA: sewage treatment plant

CO2 perspective
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Energy system analysis-Location

Source:

- Technically, many sources available, but vicinity to low-cost electricity production 

and/or fuel supply infrastructure as a critical factor

- Regulation on costs to use energy transport infrastructure to become important

Laufwasser: running hydro

Speicher: hydro storage

Hydro perspective
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Flow Availability (p.a.) Percentage

CO2 1.90∙106 ton 43% road transportation demand

Electricity 57 TWh 97% demand

Water 8.99∙106 ton 1% demand

Source: B. Meier et al. (2017), Energy Technology

Trade-offs among resources

Electricity is the constraint
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Electricity 

supply

Location

Cost 

reduction

Value creation

Technological 

progress

Scale

Benefit 

stacking

Important drivers for economic break-even
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Discussion and conclusion remarks

1. Power-to-gas (X) is an enabling and cross-sector technology

2. Value of P2X unfolds in its combination of multiple benefits

3. Potential solution for seasonal storage

4. R&D required for technology, e.g., electrolysis and 

methanation

5. Plant size, learning curves and market stimulating policies

6. Importance of electricity supply option and related strategy
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Discussion and conclusion remarks

7. Location: proximity to CO2 source; gas network; or 

implementation in refueling stations

8. Utility companies have a privilege position

9. Legal framework: further system integration with policy 

coordination to reduce uncertainty

10. Interdisciplinary research and teaching

11.Stakeholder involvement for accelerating acceptance

12.PtX can contribute to achieve climate goals with new 

competitive business models in selected market segments 
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