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E-fuels… but H2 is always there!

• E-fuels means a liquid fuel made of inert substances and electricity.

• Typically the syntesis starts with hydrogen from electrolysis, i.e. 
green hydrogen (as it only makes sense to make it from emission 
free energy)

Methods exist to produce similar liquid fuels from fossil fuels – but 
that’s called “gas to liquid” (GTL) fuels, or when from biomass BTL.
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Different relevant e-fuels

FT diesel, 44 MJ/kg
“Classic Diesel fuel”
Low level of pollutants
Non-toxic
When produced as a “e-bio-fuel”
50-60 % energy to LHV (Gebart)
40% electricity to LHV when 
produced from CO2 and H2

Drawback:
Suitable to produce from biomass – limited resource
Direct Air Capture not on industrial scale yet

Methanol, 22.7 MJ/kg
Electricity to LHV ~50%
Liquid at STP
Less toxic than NH3
More of a conventional fuel

Gaseous injection saves 3% fuel!
Drawback:
Need a CO2 source
Direct Air Capture not on industrial 
scale yet

Ammonia, 18.6 MJ/kg

Electricity to LHV ~50%
Liquid at 

-33°C  @ 1 atm
8 bar(a) @ 20°C 

Industrialized production
Highly toxic

Drawback:
Immature combustion technology
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Fischer-Tropsch Diesel fuel from biomass

• Use O2 from an electrolyzer to gasify 
biomass

• Add H2 from electrolyzer to syngas

• Get suitable C/H ratio in off-gas

• 50-60 % energy (bio + electricity) to 
LHV

• Almost 100% “carbon efficiency”
i.e. use all the collected C-atoms

Putta, K. R., Pandey, U., Gavrilovic, L., Rout, K. R., Rytter, E., Blekkan, E. A., & Hillestad, M. (2022). Optimal Renewable Energy Distribution Between Gasifier and 
Electrolyzer for Syngas Generation in a Power and Biomass-to-Liquid Fuel Process.
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FT Diesel (and similar) as gas turbine fuel

• Commercially available fuels may 
be tailored for Diesel piston engines

• High Cetane number wanted – fast 
auto-ignition (HVO100 > 70)

• This is not what we want in typical 
lean premixed systems

Fan, Weiwei & Jia, Ming & Yachao, Chang & Xie, Mao-zhao. (2015). Understanding the Relationship between Cetane Number and the Ignition Delay in Shock Tubes for Different 
Fuels Based on a Skeletal Primary Reference Fuel ( n -Hexadecane/Iso-cetane) Mechanism. Energy & Fuels. 29. 150416074949000. 10.1021/ef5028185. 
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What about ammonia

• There are significant challenges in using it as a gas turbine fuel

• Low flame speed

• Massive amount of NOx 

• Significant amount of N2O could be formed – GWP of ~300

• Toxic 

• Cracking, partly or completely, back to H2+N2 can remedy these 

drawbacks

• From a system perspective, it makes sense to pressurize ammonia in 

liquid form, evaporate and crack using exhaust heat

• But: how well does potential catalysts work at these 

conditions?! Rich NH3 flame surrounded by H2 flame
Samuel Wiseman, NTNU
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Formation of nitrogen and oxygen oxides

In “classical” hydro carbon (and hydrogen) combustion
• NO and NO2 formation is driven by “long residence time in hot zones”
• Pollutants formation rate grows exponentially beyond ~1500 °C (so the fuels flame temp is important – challenge for hydrogen)
• … if there is an availability of O-atoms (radicals)

That’s why lean premixed has been the preferred choice to mitigate NOx - we can keep the maximum temperature down

When fuel contains (a lot) of nitrogen
• NOx mostly formed as the fuel molecule is broken down in the process
• At some point a single N-atom will be there

• It must not meet oxygen!

Implications for ammonia combustion
• Must burn in an oxygen depleted environment
• Ammonia has a low heating value and flame temperature -> not so prone to form thermal NOx as CH4, H2, etc
• Rich-lean staging can work
• Non-premixed (conventional systems) must be revisited
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From H2 to NH3…

H2

N2

NH3

Haber-Bosch process

+ 2.7 MJ/kg
exothermic
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Haber-Bosch process Ammonia cracking

From H2 to NH3… and back again!

H2

N2

NH3

- 2.7 MJ/kg
endothermic

H2

N2



Turbulent NH3/H2/N2–air flames blow-out
Experimental

investigation of H2/NH3
flames at 1 atm

NH3/H2/N2 blend

Methane

*Wiseman et al, “A comparison of the blow-out behaviour of turbulent premixed ammonia/hydrogen/nitrogen-air and methane-air flames”, Proc Comb Inst vol 38, pp. 2869-2876 (2021)

Ø Even stronger resilience to strain is observed in 
turbulent NH3/H2/N2–air flames…

Ø …10-fold increase vs methane-air flames!!!

Ø Aim is to assess blow-out 
resilience in turbulent flames 
that are relevant to GTs



HP-testing of scaled SGT750 burner

Siemens’ 4th Gen DLE burner
(from A. Kundu, PhD thesis, Lund University)

Experimental investigation
of H2/NH3 flame stabilization

in scaled gas turbine
combustor up to 10 atm

ß SINTEF’s HIPROX rig

Ø Aim is to assess 
and demonstrate 
the viability of 
NH3/H2/N2 blends
as gas turbine fuel
(stable flame / low
emissions)



Rich-lean staged combustion



Rich-lean staging and high pressure

*Ditaranto et al, “Experimental study on high pressure combustion of decomposed ammonia: how can ammonia be best used in a gas turbine?”, ASME TurboExpo 2021

Experimental investigation of
H2/NH3 flame stabilization in 

scaled gas turbine
combustor up to 10 atm

Ø Low-NOx within reach 
using rich-lean fuel staging 
at high pressure! 

Low NH3
decomposition 

rate (<22%) 

Medium NH3
decomposition 

rate (~50%) 



• If lowest NH3 DCR is desired:

Primary Zone optimal ER must be rich

Impact on GT combustor:
§ PZ must be rich
§ more air bypass
§ bigger and longer combustor

Learnings and preliminary recommendations

• If lowest NOx emissions is desired:

• Decompose all!! But avoid NH3 impurities

• Impact on GT combustor:

• Little

• High propensity to NOx even at low NH3 content
• Pressure strongly affects conversion to NOx
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NH3, 15 °C
liquid Vaporizer Cracker, 

Tcrack=800 CHX

SplitTo gas turbine

Simple layout for a cracker unit

15 %85 %

NH3, 30 
bar

Q = 1 
MJ/kg
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Equilibrium of high temperature cracking

Hence, we cannot get 100% cracked

At 0.5 vol-% NH3 slip:

~1000 ppm NOx at “100% NH3 to NO 
conversion”

This is the absolute worst case – we 
expect lower. Testing will come!

SCR probably needed.


