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Motivation

 EU Climate Neutral Goal by 2050 (Germany already by 2045)[1][2]

 Renewable transport lacks behind

 Hart to abate: chemical energy carriers

3 [1] European Climate Law (europa.eu)
[2] Jedamzik et al. (2020) Energiewende in Deutschland: Definition, Kosten & Ziele | co2online
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 EiV: funding 99 Mio. €  | 16 projects  | 100+ partner

 Renewable electricity based fuels
• Comparable assessment: BEniVer –

Scientific supervision of „Energy 
transition in the transport sector (EiV)”
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 Potential of SNG and HSNG: 
 Application proven 

 Little CO2 needed per molecule 

 Existing infrastructure

5

Image: Avenir LNG

Image: Volvo Trucks

Image: Daimler

Gas-grid >4 bar 
Image: DVGW

[1] European Climate Law (europa.eu)
[2] Jedamzik et al. (2020) Energiewende in Deutschland: Definition, Kosten & Ziele | co2online

Source: Wolfgang Jargstorff / Fotolia.com
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[1] 

[1] 
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 Addition of H2 to SNG  less CO2 needed

 Up to 30 % H2 tested

 Emission reduction: CO2, CO, HC, increase: NOx

[1] 

[1] Schlussbericht CombiFuel, FKZ 03EIV091A, Graforce GmbH, Synreform GmbH, 2022

-23 % -30 %

-97 % -99 %
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 Addition of H2 to SNG  less CO2 needed
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9 Process design analysis of a hybrid Power-and-Biomass-to-Liquid process

Techno-
economic and 

ecological 
evaluation

Heimann et al., Standardized TEA of SNG

10 [1] Rahmat et al. (2023) Techno-economic and exergy analysis of e-MeOH production https://doi.org/10.1016/j.apenergy.2023.121738
[2] Rönsch, S., et al., Review on methanation – From fundamentals to current projects. Fuel, 2015. 166: p. 276-296.

Efficiencies[1]

η୲ =  
ୌూ౫ౢ ȉ ୬̇ూ౫ౢ

 ̇ౢ

ηୌమ୲ =  
ୌూ౫ౢ ȉ ୬̇ూ౫ౢ

ୌౄమ ȉ ୬̇ౄమ

Methane synthesis reactions[2]

CO + 3Hଶ ⇌ CHସ + HଶO           ∆𝐻=  −164
୩

୫୭୪
1

COଶ + Hଶ ⇌ CO + HଶO              ∆𝐻=  +41.2
୩

୫୭୪
 (2)

COଶ + 4Hଶ ⇌ CHସ + 2HଶO      ∆𝐻=  −206
୩

୫୭୪
(3)

4 moles H2 converted into 
1 mole Methane
ηୌమ୲, ୧ୢୣୟ୪ = 83.3 %
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Economical Analysis
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Basic conditions

Base Year 2018

Location Germany 

Currency €2018

Electricity input (plant  
+ electrolysis)

300 MWel

Full-load Hours 8,000 h/a

Electricity 56 €2018/MWh

H2 cost 4,742 €2018/t

H2 feed conditions 50 bar; 50 °C

CO2 cost 69 €2018/t

CO2 feed conditions 3 bar; 25 °C

Interest Rate 5 %

Labor cost 41 €2018

Plant lifetime 20 a

[3]
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Peters et.al. [1]
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[2] 

13

And 

Assumptions in the simulation:
• No impurities
• No side reactions

[1] 
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And 

Assumptions in the simulation:
• No impurities
• No side reactions

• Composition adjustment 
Transport: DIN EN 16723-2:2017-10
Gas grid: DVGW G260
• Polishing reactor & water removal

7
00

 °
C

Max. conversion

[1] 
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[2] 

Assumptions in the simulation:
• No impurities
• No side reactions

• Composition adjustment 
Transport: DIN EN 16723-2:2017-10
Gas grid: DVGW G260
• Polishing reactor & water removal

7
00

 °
C
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Advanced TREMP™-process 

Reaction kinetic: Rönsch et.al. [3-5]

Combination of WGS and CO-Mathanation

[1] 

AspenPlus® model: RPlug

Tmax,R1
[3] = 700 °C  

Tin,R1 = 250 °C

p[2] = 20-30 bar

Lreactor = 2 m

Dreactor = f(GHSV)

GHSV[2] = 4200-8900

Pressure drop: Ergun’s equation

Catalyst[2] MCR-2X (22 % Ni)

Bulk density[2] = 1000 kg m-3

Bed voidage[2] = 0.3

Lifespan[5] = 1 year
Color coding process parameters:
Blue  taken from literature
Green  own assumption/calculation

Heimann et al., Standardized TEA of SNG
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• Exergy reuse: steam-cycle and residential heat 
• Highly exergy efficiency optimized

KPI / efficiencies

η୲ = 57 %*

ηୌమ୲ = 82 %

*Electrolysis combined efficiency 69.2 % Pel/LHV: 
assumed: 1/3 PEM, AEL, SOEC each[1-3]

Heimann et al., Standardized TEA of SNG

ηୌమ୲,୧ୢୣୟ୪ = 83.3 %
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SNG production exergy flow

• Exergy reuse: steam-cycle and residential heat 
• Highly exergy efficiency optimized

61,9 % of exergy used

KPI / efficiencies

η୲ = 57 %*

ηୌమ୲ = 82 %

*Electrolysis combined efficiency 69.2 % Pel/LHV: 
assumed: 1/3 PEM, AEL, SOEC each[1-3]

Heimann et al., Standardized TEA of SNG



18.07.2024

10

19 Heimann et al., Standardized TEA of SNG,

20

• High temperature in R1 
• Steam cycle

• Composition adjustment
30 vol.% H2 content  HSNG-30
• Number of reactors reduced 
• Partial H2 bypass
• Smaller reactors for same 

output 
• less H2O production

Adapted TREMP™ process 

[1] Rönsch, S., et al., 2016 
[2] 

H2 bypass

[2] 

Assumptions in the simulation:
• No impurities
• No side reactions

[1] 
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Large scale e-Hythane production (HSNG-30)

HSNG production exergy flow

• 1.1 % more power to fuel than SNG
• 5.5 % reused in steam-cycle (compared to 6.1 %) 

62,4 % of exergy used

(SNG: 61,9 %)

KPI / efficiencies

η୲ = 58 %*

ηୌమ୲ = 89 % 

*Electrolysis combined efficiency 69.2 % Pel/LHV: 

assumed: 1/3 PEM, AEL, SOEC each[1-3]

Heimann et al., Standardized TEA of SNG
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 FCI reduction for Hythan30 
compared to SNG  23 %

 Significant reduction in 
compressors and reactors

 Steam cycle, heat-exchangers 
remain significant FCI

39
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Results: Sensitivity of NPC

7 €/MWhLHV
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[1] BAFA - Erdgasstatistik
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Results: Comparison of e-fuels

Comparing generic fuels / designer fuels

26

SNG HSNG-30 MeOH FT OME3-5 DMC MeFo

𝜂௧ி [%] 57 58 53 40 42 47 52

NPC
[€2018/MWhLHV] 173 166 204 321 360 329 298

Application 
parameter examples

• Heavy truck
• Drivetrain 

retrofit
• …

• Combifuel
• Heavy 

truck
• Drivetrain 

retrofit
• …

• Used in 
China

• Low vapor 
pressure

• Further 
conversion 
in Europe?

• Certified 
sustainable 
jet fuel

• …

• Better 
combusti
on

• Blending 
ratio?

• …

• Better 
combustion

• Blending 
ratio?

• …

• Better 
combustion

• Blending 
ratio?

• …
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 Renewable non-electrical transport : SNG and HSNG preferable 

 300 MW production plant to small for German demand

 German grid electricity not 100 % renewable

+ SNG: 
 High efficiency

 Existing technology

 Existing infrastructure

+ HSNG-30
 Higher efficiency

 Better performance in combustion

27 Heimann et al., Standardized TEA of SNG

 Cheap renewable electricity needed

 Political will needed 

 Identical HSNG spec. for both heat and transport applications needed

28 Heimann et al., Standardized TEA of SNG



18.07.2024

15
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Unit LH2 LOHC – H12-BT LNG MeOH NH3 FT - diesel

Production rate t h−1
29.5 469.6 59.6 145.0 158.5 84

ηPtF %  (GWLHV,F GWel
−1

) 60.6 55.4 57.3 54.7 53.6 43.3

ηHtF %  (GWLHV,F GWLHV,H
−1) 98.4 97.3 82.8 80.1 81.8 63.9

P demand GWel GWLHV,F
−1

1.65 1.80 1.74 1.83 1.86 2.31

ηc % - - 98.5 95.2 - 95.5

NPC €2021 kg-1 5.00 3.55 2.05 1.10 0.71 3.37

€2021 MWhLHV,F
−1 150 107.4 147.6 198.6 137.6 306.5

Fossil sales price €2021 MWhLHV,F
−1 43.1 – 56.5[2] 43.1 – 56.5[2] 43.34[3] 77.2[4] 86.2[5] 69.0[6] 

Renewable/fossil (energy related) [-] 2.7-3.5 1.9-2.5 3.4 2.6 1.7 4.4

Transport cost €2021 MWhLHV,F
−1 8.4 6.6 5.9 3.9 5.3 5.0

Regasification cost €2021 MWhLHV,F
−1 9.0 26.7 5.4 - - -

Specific FCI €2021 kWLHV,F
−1 1,365 874 656 475 347 799

OPEX M€2021 a−1 1,035 230 1,059 1,084 786 1,123

[1] Encyclopedia of Electrochemical Power Sources, 2nd Edition, in publication
[2] https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
[3] IGU World LNG report - 2022 Edition
[4] Methanol Price|Methanol Institute|www.methanol.org (Rotterdam)
[5] Mineral Commodity Summaries 2022 - Nitrogen (usgs.gov)
[6] Spritpreis-Entwicklung: Benzin- und Dieselpreise seit 1950 (adac.de) (German market prices minus taxes)

To be published

Example Results:

Based on renewable H2 production cost of 3.28 €/kg in Namibia[1]
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