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Process design for the optimal use of a scarce resource

Optimisation results analysis

Cogeneration
Wood

gasification

Methanation

Purification

CO2
0.73 kg/s

CH4 14.3 MW

HEAT 2.0 MW

ELEC.
0.3 MWe

EMISSIONS

HEAT 1.2 MW

CO2 underground : + 1.88 kg/s

CO2 : 2.31 kg/s CO2 : 0.79 kg/s
Water : 0.75 kg/s

Avoided Fossil fuel
17.9 MW
-1.15 kg/s CO2 fossil

CO2
0.79 kg/s

Heat
pump

2 ha forest => 1 family of 4
House SIA 175 m2 (heat, hot water, elec-
tricity) , 36'400 km/a (5l/100 km NG)

WOOD 20 MW
Wood : 1.2 kg/s
Water : 1.2 kg/s

Polygeneration of energy services from waste biomass

Multi-objective optimisation

Identification of:
feasible production pathways

suitable technology
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wood Generation of optimal flowsheets.  Determine:

performance indicators

decision variables (technology/operating conditions)

objectives that represent all performance indicators

decoupled energy flow 
& integration modelling
equipment rating & costing

Flowsheet generation:

Analysis of the decision variables 
along the Pareto frontier. Identify:

system interactions

technological bottlenecks

Process synthesis

Drying Gasification

1.11 MJ
Wood chips

50% humidity 1 MJ

Methanation

0.83 MJ

CO2-removal

0.72 MJ SNG
50 bar

0.71 MJ

Steam network

0.17 MJ

District heating
0.1 MJ

0.23 MJ 0.16 MJ

losses
drying

0.07 MJ

losses
gasification

Electricity grid

0.1 MJ

0.05 MJ

losses
CO2-removal

0.01 MJ

0.015 MJ

0.05 MJ
0.01 MJ

Electricity

Heat

Wood

Gas
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SNG production cost:
65 - 75 €/MWhSNG
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sequestration

no sequestration

avoided CO2:
150 - 350 kgCO2/MWhwood

Development of a firm process layout. Define:

heat exchanger network

strategy of process operation

Environomic process performance Input: 20 MWth,wood at 50% humidity

5%

35%

wood humidity
after drying

800°C
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gasification
temperature
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350°C
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steam superheat
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Example of a process superstructure.

CO2-mitigation potential for wood-based cogeneration options:

Methodology overview.

Variable distribution in search space ranked with respect to SNG output.

Integrated composite curve of an exemplary process.

Sankey diagram of an integrated plant.

Polygeneration with a biomass-based energy conversion system.

The authors gratefully acknowledge funding provided by Erdgas Ostschweiz AG, Gasverbund Mittelland AG and Gaznat SA, Switzerland.

Gas Clean-Up

Indirectly heated, 
steam blown
gasification
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Methane Synthesis

GasificationDrying

Polymeric
membranes

Physical absorption

CO2 - 
Removal

SNG
Treatment

Compression

Hydrogen Production CO2 Treatment

Q

Air Separation

Wood

SNG

CO2

O2 H2

Air

H2O(v)

Air

H2O(v)

residuals and condensates condensates

H2O(l)

Steam drying
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Import/Export

H2O(v)Flue gas drying
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oxygen blown
gasification

Cold gas clean-up
(filter, scrubber,
guard beds)
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fluidised bed
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Ion transfer
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Performance indicators for the set of generated flowsheets.

Biomass:
 renewable
  CO2 neutral
 land is limited

Heat and power sector:
 energy/CO2 efficient
 technologies exist

Transport is the challenge

Conclusions
Process integration and polygeneration is compulsory to fully

exploit the energy potential of biomass.

The optimisation of the process with respect to multiple objectives 

allows to find a sound design compromise.
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