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How to produce Biomethane from Biomass ? 
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Wet biomass  
preferably without lignin 

Organic wastes, manure, WWT sludge, 
agri residues 

Dry – wet biomass  
Lignocellulosics 

Wood, straw 
 

Biological conversion  
ANAEROBIC DIGESTION 

Low temperatures (15 – 55°C) 

Thermal conversion  
GASIFICATION 
High temperatures   

(700 up to > 1500°C) 

GAS	  TREATMENT	  GAS	  TREATMENT	  Water	  removal	  
Sulphur	  removal	  
Dust	  removal	  

Tar	  removal	  

METHANATION UPGRADING	  

H2,	  CO,	  
CO2,	  CH4	  	  

CH4	  	  CO2,	  	  
traces	  H2S…	  

Organic	  maEer	  	  
degradaFon	  by	  
microorganisms	  
without	  	  air	  

Process	  close	  to	  
combusFon	  with	  oxygen	  
shortage	  where	  solid	  	  

biomass	  is	  volaFzed	  into	  a	  
gaseous	  fuel.	  

Technical  
challenges 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9TRL	  status	  

2G	  

η	  ≈	  	  
60	  %	  

η	  ≈	  	  
15	  -‐	  60%	  



Technology RoadMap and potential assessment 
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Anaerobic dig estion/Biog as
Organic waste (municipal,	   industrial… )

203020202010 2040…

Gasification/methanation
Lignocelu losiqc Biomass	  (Woody ,… )

Microalg ae
On	  site	  production 	  and 	  CO2 recycling

2G

3G

Biomethane energy carrier potential

R&D needs

Available 

Pilot scale

Concept  proof

185	  TWh	  	  	  	  	  	  	  	  >	  500	  TWh	  
~	  20	  000	  plants	  

23	  TWh	  	  

257	  TWh	  	  	  	  	  	  	  >	  560	  TWh	  

~	  1000	  plants	  
	  

Technical	  	  maximum	  poten6al	  
2050	  	  

France	  	  	  	  	  	  	  	  	  	  	  	  Europe	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



Market Size analysis 
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•  Biomethane	  
market	  esFmated	  
in	  2020	  with	  a	  price	  
of	  85€/MWh	  
compared	  with	  
natural	  gas	  with	  a	  
price	  of	  30	  €/MWh	  



2G : Cost reduction and technology improvement 
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1st	  	  generaJon	  
commercial	  plant	  

2010	  

10	  MW	  –	  expected	  
decentralised	  

plant	  
2015	  

3	  MW	  –	  
anaerobic	  

digesJon	  plant	  

Natural	  gas	  price	  
2015	  

OpJmized	  
technologies	  	  

2020	  



Regulation and incentive on the Road for 2G 
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11,8	  €/kWh	  

6	  -‐	  12	  €/kWh	  

6	  –	  9	  	  €/kWh	  



2G Biomethane : an industrial reality in Sweden 
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§  Project	  plant	  GOBIGAS	  
§  Owner	  :	  City	  of	  Goteborg	  
§  Plant	  operator	  :	  Goteborg	  Energi	  	  
§  Scale	  :	  20	  Mwoutput	  /	  	  34	  Mwinput	  
§  Technology	   :	   REPOTEC	   (gasificaFon)	   +	  	  	  	  	  	  	  	  	  	  	  

Haldor-‐Topsoe	  (methanaFon)	  
§  Overall	  efficiency	  :	  62%	  
§  Fuel	  :	  Wood	  
§  Status	  :	  in	  commissioning	  
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2014	   2020	  

20	  
MWSNG	  

80	  
MWSNG	  



Biomethane form Wood  : A decentralised concept 
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• 	  	  Biomethane plant size target : 20 à 80 MWBiomethane -  100 – 300 kT biomass – Enlarge feedstocks base 

1. Biomass supply 

2. Thermochemical 
conversion 

5. (optionnal) 
excess heat valorisation 

4. Biomethane 
utilisations 

CatalyJc	  MethanaJon	  

ConnecFon	  to	  
NG	  grid	  

Upgrading	  gas	  
process	  	  

3. Injection in 
the NG Grid 

Natural Gas + 
Biomethane 

Sustainable	  collect	  

Biomass 
Storage 

Industry 

Biomethane 
	  

Fuel 

OdorizaJon	  
CounJng	  
	  

Injection 

HEAT 

Electricity 

CHP 



The GAYA Project : innovation for competitiveness 
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IndustrializaJon	  	  
2020 

20	  à	  80	  MWbioSNG	  
	  
2	  000	  -‐	  8	  000	  Nm3/h	  
	  

R&D	  	  Pilot	  
2017 

400	  kWbioSNG	  	  
30	  Nm3/h	  
	  

R&D	  	  	  	  	  	  	  	  	  	  	  
Lab	  Concept	  

2011 

»  Validate	  at	  pilot	  scale	  a	  integrated	  porgolio	  of	  technology	  soluJons	  to	  support	  industrial	  
deployment	  of	  2nd	  generaFon	  Biomethane	  pathway	  

»  Develop	  a	  profitable	  industry	  by	  2020	  à	  need	  to	  reach	  compeJJve	  costs	  for	  2G	  Biomethane	  	  



The GAYA Project 
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n  Budget of 47 M€ on 9 years with 18,7 M€ of subsidies  
     from ADEME 

n  1 R&D demonstration platform with the  
n  complete chain of conversion process 
    
n  11 Partners 

n  Team :  
n  16 persons in ENGIE 
n  35 in partners entities   

www.projetga
ya.com	  



The GAYA Demo Platform 
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2011	  
2012	  

2013	  

2014	  

2015	  

2016	  

2017	  

2019	  

Kick	  Off	  

Permikng	  /	  1st	  stone	  
Basic	  eng	  

1st	  eng	  studies	  
LocaJon	  site	  

Detail	  eng	  
Civil	  work	  /	  contracJng	  
1st	  blocks	  deliveries	  
InauguraJon	  

End	  of	  the	  project	  

R&D	  /	  Demo	  
Phase	  

St	  Fons/Ly
on	  -‐	  France

	  

2018	  
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2G	  –	  Ethanol/Methanol/Butanol	  
η*process	  ~	  <	  40	  %	  	  
(reached	  on	  demo	  plants)	  

 CO2  

Ashes 

Bi
om

as
s	  

	   	  
Dr
y	  
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lu
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	  (w
oo

d,
,..
.)	  

Anaerobic	  	  
digesFon	  	  
(biological)	  

GasificaFon	  
(thermo-‐chemical)	  

2G	  -‐	  Biodiesel	  
η*process	  ~	  24	  –	  35	  %	  	  
(reached	  on	  demo	  plants)	  

Electricity	  /	  Heat	  
η	  elec.	  ~	  25-‐45	  %	  /	  	  η	  heat	  ~	  45	  –	  50	  %,	  (*)	  	  	  	  
(reached	  on	  commercial	  plants)	  	  

Biomethane	  2G	  
η*process*	  =	  56–60%	  	  
(reached	  on	  pilot	  scale,	  biomass	  
moisture	  :	  20	  %)	  

Biomethane	  
η	  ~	  35	  –	  60%	  
(reached	  on	  commercial	  plants)	  

Energy	  efficiency	  (net)	  

MethanaFon	  
(catalyFc)	  

Fischer-‐Tropsch	  
(catalyFc)	  

Electricity	  /	  heat	  /	  
CHP	  generaFon	  

syngas	  

biogas	  

W
et	  

(m
un

ic
ip
al
	  w
as
te
	  ,	  

m
an
ur
e.
..)	  

	  
η	  process	  =	  65–70%	  	  
(targeted	  efficiency)	  

	  

R&D issues 

Combustion           
Heat  (industry) 

Heat	  

Alcohol	  Synthesis	  
(catalyFc)	  

Alcohol	  Synthesis	  
(FermentaFon)	  

DisFllaFon	  

Pre-‐treatment	  
2Gth	  

H2 from green power 

2G	  
Syngas	  

direct	  use	  



Technical Challenges 
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Heat	  
Biomethane 

Fuel 
Biomass 
bois, paille… 

 
Purification Upgrading gas Gasification 

850°C   
CO + 3 H2 à CH4 + H2O 

Heat	  

Methanation 
catalytic 

A	  complex	  technical	  barrier	  
Ø  Need	  to	  improve	  understanding	  

of	  the	  processing	  units	  and	  
innovate	  on	  combina;on	  
(reforming,	  advanced	  
scrubbing,…)	  

Ø  CAPEX	  reduc;on,	  Tars	  recycling	  
and	  energy	  recovery	  are	  the	  
key	  drivers	  for	  tech	  
improvements	  

	  Some	  technical	  and	  
economical	  gaps	  

Ø  Current	  commercial	  processes	  
are	  not	  economically	  suitable	  to	  
biomass	  conversion	  	  

Ø  A	  promising	  methana;on	  
technologies	  	  need	  to	  be	  
developed	  and	  industrialized	  

Ø  Process	  integra;on	  with	  the	  
upgrading	  gas	  part	  is	  one	  of	  the	  
key	  drivers	  

	  Efficient	  conven6onnal	  
technologies	  but	  need	  a	  6ght	  
integra6on	  

Ø  Lowering	  CAPEX	  
Ø  Decrease	  electricity	  consump;on	  
Ø  BeMer	  integra;on	  with	  

methana;on	  and	  gasifica;on	  
Ø  Reduce	  methane	  losses	  and	  

compression	  needs	  are	  the	  key	  
drivers	  

Flexibility	  
and	  	  OPEX	  
reduc6on	  

CAPEX	  reduc6on	  
and	  syngas	  
quality	  
improvement	  


