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GoBiGas — First-of-its-Kind

e First in the world for high quality e First Swedish plant to inject biomethane
biomethane from biomass through into the national grid
gasification
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Gothenburg Biomass Gasification Project (GoBiGas)

* Two phases:

1. 20 MW Biomethane
(32 MW fuel, 6 dry ton biomass/h)

2. 80-100 MW Biomethane
(125-150 MW fuel 25-30 dry ton
biomass/h)

* Phase 1, demonstration, to build
experience for the second commercial
phase

* Performance goal of demonstration
* Biomass to Biomethane 265 %
* Biomass to Energy 290 %
e 8,000 hours continuous operation per year
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Commercial plant

Maintenance interval 12-18 month
=> equal to forest industry

Maintenance interval ~48 month

=> equal to petrochemical industry
CEN ]}

Biomass Gasifier Synthesis process

(Methanation)

Gasifier
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GoBiGas - The Partners ) ©

GoBiGa

Gasification
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Development of Gasification technology

. -

Retrofit of commercial

designs of fluidized = [F5g sRA A S b Target
boilers 24AMW 2MW 15 MW Production of
' Gothenburg Yokohama |  Kujan Indonesia Fuels, Materials,
____________________________________ Chemicals
>100 MW
Upscaling of dedicatedi
gasification design |
Target
Decentralized
Heat and Power
| ; ' Production
8 MW : 8.5 MW : 15 MW <50 MW

GUssing Oberwart HGA Senden
FIRST GENERATION ' SECOND GENERATION ' THIRD GENERATION
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Handling of uncertainty related to the gasification

GoBiGas phase 2
100 MW SNG

GoBiGas 20 MW SNG Commercial plant

. Cancelled
demonstration plant
/—N Demonstration
finalized March 2018 ¥

Chalmers 2-4 MW

/—N pilot plant

Chalmers lab reactor

2007 2012 2016
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Control of the Gasification Process
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Performance of the Gasification
- Optimized Commercial Process

Based on experimental data GoBiGas .
To synthesis process

80.9 MW
Methane (CH,4)/Ethylene (C,Hs)  30.6 (21.2/9.4) MW
BFB-
| Gasifier/ Syngas (H,/ CO) 50.3 (29.5/20.8) MW
Fuel 100 MW .
Boiler
(wood pellets) l Carbon dioxide (COy)
Charcoal 15.6 MW
Products
Steam BTX (Benzene/ Toluene / Xylene) 3.7 MW
- Poly aromatics (Mainly Naphthalene) 2.3 MW
©
T Total: 102.5 MW
From CFB-boiler, _ 15.6 MW
In future electric heating - Boiler
part time,
X MW Chemical energy efficiency 87%




CHALMERS

UNIVERSITY OF TECHNOLOGY

Operating Cost, Demonstration Unit

Operating Cost GoBiGas 20 MW

(SEK/MWh)

1000
S00
800
700
600
500
400

200
100

f~\
]
F 4

-

GoBiGas operated"
with wood pellets Nee

-~

With identified
modification of
existing process

With identified

/ (—— o dification,

. / \Nood

g rest residues

pellets

Personnel Costs Related to the Operation as Stand Alone

50 100 150 200 250
Fuel Price, As Received, LHV (SEK/MWh)

00

new plant

10SEK ~ 1€



CHALMERS

Production Costs for a Commercial Plant

Commercial plant | Commercial plant Commercial plant
20 MW 100 MW 200 MW
SEK/MWh SEK/MWh SEK/MWh

(€-cent/liter (€-cent/liter (€-cent/liter
gasoline eq.) gasoline eq.) gasoline eq.)

Capital cost, depreciation 430 (38.7)

Capital cost, interest (5%) 258 (23.2) 120 (10.8) 87 (7.8)
Development cost 43  (3.9) 20  (1.8) 15 (1.4)
Operation costs (excluding feedstock) 352 (31.7) 166 (14.9) 132 (11.9)
Feedstock Cost 217 (19.5) 217 (19.5) 217 (19.5)
Total cost 1300 (117.0) 722 (65.0) 596 (53.6)
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Electro Fuel Production

Electricity
+ Water
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Conclusions

 Demonstration met all pre-set performance goals and made the
technology ready for commercial implementation

* Demonstration has provided vital information on how to operate the
gasification section in an industrial scale

 Demonstration plant could not reach commercial break-even 2018
and was therefore mothballed, Autumn 2021 the disassembly of the
plant began



