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The gasification system :
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Thermochemical biomass conversion

Principle of conventional thermochemical routes

Thermochemical biomass to fuel reforming proceeds typically
in two (or more) reaction steps:
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Wood to Methane :

o Stoechiometry of the methane synthesis reaction
from wood

0—=_10.5 kJ/molypoq

CHy 3500 65 + 0.3475H,0 °7 =192 0.51125CH, + 0.48875CO,

Exothermic CO2 is a by product



Block flow superstructure

Conventional route (gasification & methanation): synthesis
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Flowsheet generation (2)

Energy-integration model

Closing the energy balance after heat recovery
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Flowsheet generation (2)

Energy-integration model

Closing the energy balance after heat recovery and produce pure CO2
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Flowsheet generation (2)

Energy-integration model

Integrating heat recovery technologies in the superstructure
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Flowsheet generation (2)

Energy-integration model

MILP resolution: ... to an integrated solution
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BIOSNG process design

Example: Common wood to SNG route
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Process performance

conventional SNG

Some (non-optimised) scenarios for conventional SNG

production:
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Electricity - 2.6% 3.3% - 1.6% FEDERALE DE LAUSANNE
Overall efficiency 70.7& 68.8% 69.8% 73.2% 75.6% B
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Process performance

conventional SNG

Some (non-optimised) scenarios for conventional SNG
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Process performance

conventional SNG

Some (non-optimised) scenarios for conventional SNG
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Thermo-economic optimisation

Trade-offs: efficiency and scale vs. investment

Efficiency vs. investment:
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specific investment cost [€/kW]

Thermo-economic optimisation

Trade-offs: efficiency and scale vs. investment

Efficiency vs. investment and
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Comparing process configurations

Perspective: comparing process generations

Plant capacity vs. production costs
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Specific investment cost [USD/kWih biomass)
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Comparing options

e Each point of the Pareto is a process design

Thermo-economic Pareto front
(cost vs efficiency):

1600 ! . . . . . . ! . . !
| v ' Gasification:
1500 FICFB
1400 - o airdrying
T A + torrefaction
1300F

‘ ] X steam drying
. : ¢ + torrefaction
T ' pressurised FICFB
. - airdrying
* air drying, gas turbine
> steam drying, gas turbine
* + hot gas cleaning

1200 -

1100
1000 PO 0B o el

900 |- pressuriséd FICFB

Specific investment cost [EUR/kW]
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800 1 © airdrying
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200 - pressurised CFB-O, i g : g
- gasification X steam drying
o

+ hot gas cleaning

600 I 1 1 1 1 1 L I 1 | 1 I
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SNG efficiency equivalent [%]

Note : 1.5 years of calculation time !

Gassner, Martin, and Francois Maréchal. Energy & Environmental Science 5,no. 2 (2012): 5768 — 5789.
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m downstream
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BIOSNG process .

e Resource productivity : + 33% per forest m2

ﬂ

—rom conventional (58%) to optimised (> 795% eff.)



Break-even cost of the resource
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Biomass availability

Plant locations Energy wood availability (ESA base)

* SNG plant locations [m3/ha]
- F t ¢ -10.00--2.00
ores
-1.99-0.50
[ Jrakes
-0.49 - 0.00
0.01-5.00
* 501-30.00

* 30.01-130.00, ZENE e Kirk Spesid
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| I M
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Steubing B, et al., Identifying environmentally and economically optimal bioenergy plant sizes and locations: A spatial model of wood-
based SNG value chains, Renewable Energy (2012), http://dx.doi.org/10.1016/j.renene.2012.08.018



Transportation costs

— — 180
£ BASELINE SCENARIO § 160 | GREEN FUTURE SCENARIO —s%— Chur
—- I o ESA maximum Altdorf
S 2 140
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‘3 » 120
0 5 _
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S o 40 -
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° o 20
E 0 < — — —Sion
m%%%%%&ggg@ggg e St-Gallen
Plant size [MW] Plant size [MW] Zirich

Fig. 6. Transport distances according to plant sizes, locations, and wood availability scenario (left: ESA base, right: ESA maximum).

Steubing B, et al., Identifying environmentally and economically optimal bioenergy plant sizes and locations: A spatial model of
wood-based SNG value chains, Renewable Energy (2012), http://dx.doi.org/10.1016/j.renene.2012.08.018



Plant location

Area = 40 km?2

Energy wood availability (ESA maximum)
[m3/ha]
-10.00 - -2.00
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Efficiency

Process Size => Investment

e 51.4 Mio. CHF (1)

e 29.5 Mio. CHF  (2)

e 35.4 Mio. CHF  (3)
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T
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Configuration 2.
Exponent = 0.5152
4 : : Exponent = 0.4807
0 I L L
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Puissance installée [MW

20 MWy,

th]

: 5000 Wyear/year/ha



Environmental Process performance indicators

Identification o\E

® FIOCESS Supers
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Gerber, L. et al., 2010 Comp & Chem Eng., 1405-1410
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Integration of LCIA in the methodology

Perspective: plant scale-up vs. biomass logistics

The biomass Logistics has an influence on the plant impact

=,
3 -0.05 o R . .
= Effect of process integration and design! & reeeeene reeremerernna—. ¥ LCI data taken from
8 Felder et al, and adapted
1C_> —0.052F ST to system limits
c?; ° A: H20, no steam cycle (1G)
,,,,, © B:H20 (1G) D .
AN -0.054+
O © C: H20, press. meth. (2G) bl.omass logistics
% % D: 02, press. meth. (2G) impact model
X I x E: 02, press. meth. & gas. (2G) |
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Multi-objective optimization results

e Optimal configurations
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The green boiler => use of the renewable resource

‘ CO, (108 kg CO, avoided / MWh wood)

67.5 MW SNG => storable and transportable
15.7 MW Useful heat (200 °C)

16.8 MW Waste heat

1.4 MW net electricity

INVESTMENT
86 Million USD

e Co production of biofuel from wood
— Synthetic natural gas, methanol, DME, F-T fuels
— CO2 capture
— Exothermic => Heat supply COST OF HEAT

, 25 S/MWh (- 47 S/MWh*)
— Cogeneration of Heat

* with CO2 tax

With market price of WOOD (405/MWh) and NG (65 S/MWh) and with CO2 taxes (80 CHF/ton), also for capture
8000 hours/year of operation



Synthetic Natural Gas production

e Convert biomass to gas in the grid
e Efficiency = 70% (LHV Biomass => LHV Gas)
e Heat can be reused = +15%
e CO2 can be separated (negative emissions)



