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Project overview 
EU project CarbonNeutralLNG

Truly Carbon Neutral electricity enhanced Synthesis 
of Liquefied Natural Gas (LNG) from biomass 
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1. Whydo weneedGreenLNG?
ÅGreenLNGfor the mobility sector
ÅBacking up the European power sector

2. The projectstechnicalconcept
ÅPower-t-X and e-fuels
ÅElectricity enhanced Biomass-to-LNG process

3. The technologieskeychallenge
ÅLNG logistics and methane emissions
ÅRoadmap to market

4. The projectsexpectedimpacts
ÅProject plan
ÅMain impacts
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1. Whydo weneedGreenLNG?

ÅGreenLNGforthemobilitysector
ÅBackinguptheEuropean power sector

GreenLNG
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Quelle: European Environment Agency 
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non-fossile liquid fuels
(i.e. advancedbiofuels)
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navigation
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others0,5%

Light dutytrucksPotential share
electromobility

54 %

Reasons for the continued use of 
liquid and gaseous fuels

GreenLNG

GreenFT-kerosene GreenLNG

ÅGreenLNGis certainly the most adequate option for 
the marine sector  

GreenLNG

ÅEnergy density of batteries 
is still limited
ÅThe worldwide conversion of the 

existing infrastructure will
take decades

Status Quo
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Installedcapacity

2000 2010 20201990
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49,0 GW

Biomass
11,0 GW

Wind power 49,5 
GW

0%

10%

20%

30%

40%

50%
As of2019

Wind 60,8 GW

54,5%

hydro
2030

GreenLNG

The situation on the 
German electricity 
market
ÅConventional power plants are 

outdated, gas-fired power plants were 
unprofitable and were not built
ÅThe EEG 2000 was unexpectedly

successful at first and was massively 
slowed down with the EEG 2012 
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Status Quo
ÅGermany usually produces more electricity 

than needed, ăŵŲ ŵňģōũŲŵňëŲĎŁƗ ňōŲ ëŁƑëƗŬɚ

Exports

Quelle: www.smard.de

GreenLNG

The situation on the 
German electricity 
market
ÅConventional power plants are 

outdated, gas-fired power plants were 
unprofitable and were not built
ÅThe EEG 2000 was unexpectedly

successful at first and was massively 
slowed down with the EEG 2012 
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Power supply in winter 2021/2022
Å̂ ň ŲĪĎ ŦĎũĮōĊ ģũōŇ @ĎĄĎŇăĎũ ȟȝȟȞ Ųō qëũĄĪ ȟȝȟȟɗ ŲĪĎũĎ ƑĎũĎ ë ŲōŲëŁ ōģ Ȟȣ ɳDunkelflautenɴ ɡ
ÅUp to 10.8 GW had to be imported

Natural gasImports

ɲDunkelflauteɳ ɡ ɲ@ŵňĿĎŁģŁëŵŲĎɳ ɡQuelle: www.smard.de

*(very limited wind or solar power production)
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Foto: Wikipedia /Kremlin.ru
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Quelle: Quarterly report On European gas markets

DG Energy, Volume 15 (issue 2, covering second quarter of 2022)

DŵũōŦĎɵŬnatural
gas supply

ÅUntil 2021 Russia supplied about 50% of European gas consumption 
ÅAbout 22% was imported as Liquefied Natural Gas (LNG) 

ÅStarting 2021, imports from Russia reduced gravely
ÅAt the same time, border crossing prices multiplied ... 
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Long-term 
prospects 
fossil LNG 
markets 2020

Natural gas reserves

Canada
2,1 ÖȞȝɇ Mrdɖ Ňɇ

USA
13,0ÖȞȝɇ Mrdɖ Ňɇ

Norway
1,5ÖȞȝɇ Mrdɖ Ňɇ

UK
0,13ÖȞȝɇ Mrdɖ Ňɇ

Netherlands
0,13ÖȞȝɇ Mrdɖ Ňɇ

Germany
0,022ÖȞȝɇ Mrdɖ Ňɇ

Russia
47,8ÖȞȝɇ Mrdɖ ŇɇTurkmenistan

13,6ÖȞȝɇ Mrdɖ Ňɇ

Qatar
23,9ÖȞȝɇ Mrdɖ Ňɇ

Iran
34,1ÖȞȝɇ Mrdɖ Ňɇ

Saudi Arabia
9,3 ÖȞȝɇ Mrdɖ Ňɇ

Algeria
2,3ÖȞȝɇ Mrdɖ Ňɇ

Norway
0,4 Mrd. ÖȞȝɇ Ňɇ

2030
Source: BGR Energiestudie2021

Natural gas reserves Algeria
1,4 Mrd. ÖȞȝɇ Ňɇ

Russia
40,9ÖȞȝɇ Mrdɖ Ňɇ

Turkmenistan
12,7ÖȞȝɇ Mrdɖ Ňɇ

Qatar
22,1ÖȞȝɇ Mrdɖ Ňɇ

Iran
31,5ÖȞȝɇ Mrdɖ Ňɇ

Saudi Arabia
8,2 ÖȞȝɇ Mrdɖ Ňɇ

Canada
0,4 Mrd.ÖȞȝɇ Ňɇ

USA
3,5 Mrd. ÖȞȝɇ Ňɇ

Åsufficient reserves for LNG deliveries 
to the EU exist only in Russia and the
Middle East
ÅThe reserves-to-production

ratio in the USA is currently 
about 13 years only ɚ

ÅUSA provides currently almost half 
of the European LNG imports 

GreenLNG
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Conclusions
GreenLNGis not only the most advantageous option for 
shipping, but also essential to secure the energy transition 
in the electricity market. 

1.
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2. The projectstechnicalconcept

ÅPower-t-X ande-fuels
ÅElectricityenhancedBiomass-to-LNG process

Ourprocess
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Paul Sabatier (1854-1941)

Nobel-prize in Chemistry 1912 

Ămethanationñ

ĂSabatier-

Reactionñ

Methanation: Synthesis of Substitute Natural Gas (SNG)
ÅIn 1902 Paul Sabatier firstobservedthemethanation ofsyngas

overa Nickel-catalyst

ÅFirst large scalecommercialdevelopmentsstartedin theȞȦȤȝŬ ɚ
ÅNatural gas exploitationputcoal-to-SNG on hold

*)
*) From coal gasification 

Ourprocess
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PoscoSNG-plant, 

Gwangyang, 

South Korea 
www.Linde.com

NCPP I coal to polypropylene 

project, Shenhua Ningxia 

Coal Industry, 5 x 500MW 

Siemens SFG-500 coal-gasifier, 

commissioning 2011

SNG-plant, CPI XinjiangEnergy Co. Ltd, Yili 

City Xingjiang, China, 8 x 500 MW Siemens 

SFG-500 coal-gasifier, commissioning 2014
Dakota Gas Great 

Plains Synfuelplant

Methanation: Synthesis of Substitute Natural Gas (SNG)
Å1902 Paul Sabatier firstobservedmethanation ofsyngas

overa Nickel-catalyst
ÅProduction of Natural Gas Substitutes (SNG) and ethylene 

from coal experienced revivalin particularin China andkōũĎëɚ

Ourprocess
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GoBiGas-Plant 

Göteborg, asof

December2012

SNG production from biomass

GoBiGasPlant in Gothenborg, 
Sweden:

ÅThermal power: 
32 MWth+ 3 MWel+ 0.5 MW RME
ÅSNG Capacity 20 MWSNG
ÅUseful heat 11 MWth
ÅCommissioning 13.11.2013
Åshut down in April 2018

·State-of-the-art processesaremuchtoocomplexfor 
decentralized, smallerscale(biomass) plants

ÅNew gas upgradingconcepts(i.e. hotgas cleaning) 
areneeded

Lessonslearned

Ourprocess
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2,2 H2
CO +

Fischer-TropschDiesel

+  H2O

Power-to-Liquids

catalyst

4 H2CO2 CH4+ + 2 H2O
catalyst

2. step: Synthesis Power-to-Gas

»ōĊëƗɶŬ ŲũĎňĊɘ ¯ōƑĎũ-to-X for mobility /e-Fuels
ÅPower-to-X 

and e-Fuels 
are commonly
hydrocarbons 
CxHyO

Ammonia

Methanol

Dimethylether(DME)

LOHC

Polyoxymethylen-

dimethylether(OME)

Ourprocess

Power-to-Hydrogen1. step:
Electrolysis

H2 + ɏ w2H2O
power

Electrolyser
Power from

Renewablesorces
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hydrocarbon

CxHy

CO2

carbon

andcarbon

hydrogen

H2

ÅSynthetichydrocarbonsneedhydrogen

E-fuelsarealways
also Biofuelsɚ *)

*) If they are supposed to 
be carbon neutral

Ourprocess

ɲĎ-fuelsɳ

Something that is often forgotten:
ÅPower-to-X 

and e-Fuels 
are commonly
hydrocarbons 
CxHyO
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Sorption 
enhanced
e-gasifier

Catalytic Raw 
Methanation

Biological
Methanation

Carbon neutral 
bioLNG

Biomass

Renewable
electricity

Liquefaction

Syngas
CO + H2
+ tars

80% CH4 
+ 20% H2

100 % CH4

100 %
CO2 

1stOption 
Geological sequestration

(negative emissions)

excess
carbon

+ -

2ndOption 
Electromethanogenesis

(optimizedcarbonefficiency)

Electricity enhanced Biomass-to-LNG process

Ourprocess

Åthe process avoids 
the drawbacks of 
catalytic and biological 
methanation

ÅProcess accepts 
incomplete conversion 
after catalytic 
methanation

ÅBiological methanation
is not exposed to 
CO and tars from 

the gasification
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(Steam-) GasificationofBiomassɭstate-of-theart
Dual-fluidized Bed -WëŬĮģĮĎũ WźŬŬĮňĤ
ÅCHP-plant 2 MWel, 4,5 MWth, commissioning2001 

Åmostsuccessfulsteamgasificationtechnologyworldwide!

ÅFinallyfiveplantswerein operationin Europe

BMKW Ulm/Senden

Quelle: Aichernig, CEP Anwenderkonferenz 
Biomassevergasung, 2012

BMKW Oberwart

Quelle: www.ortner-anlagenbau.at

BMKW Villach

Gobigas-SNG plant, 
Gothenborg, Sweden
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gasifier

electricallyheated
Calciner

Syngas
upto70% H2

CO2 + Steam

steam steam

limestone 
CaCO3

ɲŨŵĮĄĿ limeɳ 
CaO

CaO+ CO2­CaCO3

CaCO3 ­CaO+ CO2

CO2Sorption / Carbonation

CO + H2O ­H2+ CO2

Shiftreaction

1st key-innovation:

Sorption enhanced 

e-gasifier

Principle Dual 
Fluidized bed gasifier

New concept

ÅEndothermal gasificationsrequire Reactors 
require extremely high heat fluxes at highest 
temperatures

ÅHot sand particles transfer heat from 
Combustion into gasifier

ÅElectrical heating replaces combustion 
ÅCarbonate Looping separates CO2
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Fuel Feeding
ȥɗȟȢ qĮōɖ ʃ

DFB gasfier
ȞȞ qĮōɖ ʃ

Flue gas cleaning

ȥɗȟȢ qĮōɖ ʃ

Building

ȟȞ qĮōɖ ʃ

Flue gas cleaning

ȥɗȟȢ qĮōɖ ʃ
DFB gasfier
5.5 qĮōɖ ʃ 

Building

7,5qĮōɖ ʃ

Fuel Feeding
4qĮōɖ ʃ

Raw gas cooler, 
filter, scrubber
ȞȞ qĮōɖ ʃ

Electric heater
2 qĮōɖ ʃ ɝ

�ä�â���T�ð�������E

�à�è���T�ð�������E

Advantages of 
eliminating the 
combustion 
chamber
ÅNo combustion chamber

(no flue gas losses, flue 
gas cleaning, no 
emission monitoring...)

ÅFuel handling cut in half 
(56% biomass + 18% 
electricity instead of 
100% biomass)

ÅReduced area consumption


