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  Concept of biorefinery
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“A biorenefinery is an integrated processing facility that converts biomass into value-
added products and energy.”

Adapted from: A. Dimian, Chemical Process Design, 2008

• Energy	density	
• Distribution	
• Storage	
• Conversion	
• Utilisation

Bio-refinery concept
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Conversion mass Atomic & Energy balance
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(OLD) Example of biorefinery : Sulfite pulp and paper process
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Ligno sulfonate 

CelluloseCalcium Bisulfite 
Process1 500 000 m3 Spruce 

300 000 m3 Beech tree

128 000 tons (71 MWy)

•  Lignin 100 000 tons (70 MWy) 
•  Yeast 5300 tons 
•  Ethanol 8800 tons (7 MWy)

Borregaard (SO)

Perin-Levasseur,	Zoe,	Jean	Paris,	and	François	Marechal.	“Analysis	of	a	Biorefinery	Integration	in	a	Bisulfite	Pulp	Process.”	Pulp	and	Paper	Canada	may/june	(2010):	31–33.



Bio-chemical plateform
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Rank for total cost

Rank for total cost with CO2 tax (40 USD/ton)



   Thermochemical Conversion Platform
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Source: Tock et al., Thermochemical production of liquid fuels from biomass: Thermo-economic modeling, process design and process integration analysis, Biomass and Bioenergy, Vol. 34 (12), pp. 1838 - 1854, 2010. 
Celebi et al., Computational platform for optimal design of biorefineries using energy and mass integration, ESCAPE25, Denmark, 2015.

Bio-Fuel production

• Higher energy density 
• Distribution network 

• Tank stations 
• Natural gas 

• Conversion efficiency 
• Fuel cells => Heat pumps 
• Engines => Cogeneration 
• Combined cycle 

• Decentralised systems 
• Cars - Airplanes 
• Small cogeneration
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Table 7: Fossil CO2 emissions reduction through the substitution of natural gas by biomass usage pathways for space heating (Reference value:
1.00 ⌘ 0.165 kgCO2/kWhWoodyBiomass).

Heat (Natural gas)
Biomass to Fuel Fuel to X Elec. to Heat Boiler Cogen. engine SOFC SOFC & GT CCGT CCGT & CCS
� Boiler � 1.00 0.46 0.38 0.30 0.43 0.40
HTG Boiler � 1.02 0.47 0.39 0.31 0.44 0.41
Bio-SNG Boiler � 1.01 0.46 0.39 0.31 0.43 0.40
Bio-SNG & Electrolysis Boiler � 2.04 0.94 0.79 0.62 0.88 0.82
FT Boiler � 0.51 0.23 0.20 0.16 0.22 0.21
FT & Electrolysis Boiler � 0.99 0.46 0.38 0.30 0.43 0.40
HTG Cogen eng HP 1.93 0.89 0.74 0.59 0.84 0.78
Bio-SNG Cogen eng HP 1.98 0.91 0.76 0.60 0.86 0.80
Bio-SNG & Electrolysis Cogen eng HP 4.44 2.04 1.71 1.35 1.92 1.79
FT Cogen eng HP 1.02 0.47 0.39 0.31 0.44 0.41
FT & Electrolysis Cogen eng HP 1.97 0.91 0.76 0.60 0.85 0.79
HTG SOFC HP 2.26 1.04 0.87 0.69 0.98 0.91
Bio-SNG SOFC HP 2.33 1.07 0.90 0.71 1.01 0.94
Bio-SNG & Electrolysis SOFC HP 5.30 2.44 2.04 1.61 2.29 2.13
HTG SOFC & GT HP 2.80 1.29 1.08 0.85 1.21 1.13
Bio-SNG SOFC & GT HP 2.91 1.34 1.12 0.88 1.26 1.17
Bio-SNG & Electrolysis SOFC & GT HP 6.72 3.09 2.59 2.04 2.90 2.71
HTG CCGT HP 2.04 0.94 0.79 0.62 0.88 0.82
Bio-SNG CCGT HP 2.10 0.96 0.81 0.64 0.91 0.84
Bio-SNG & Electrolysis CCGT HP 4.72 2.17 1.82 1.43 2.04 1.90
HTG CCGT & CCS HP 2.68 1.61 1.46 1.30 1.56 1.50
Bio-SNG CCGT & CCS HP 2.78 1.68 1.53 1.37 1.63 1.57
Bio-SNG & Electrolysis CCGT & CCS HP 6.40 3.93 3.59 3.22 3.81 3.67

BIGCC HP 2.08 0.96 0.80 0.63 0.90 0.84
Torrefaction Supercritical plant HP 1.91 0.88 0.73 0.58 0.82 0.77

the lower consumption of natural gas.140

Results of table 4.1 are normalised to 1. The reference value (0.165 kgCO2/kWhWoodyBiomass) corresponds to the
emissions reduction if the heat supplied by the combustion of 1 kWh of woody biomass in boiler substitutes heat from
a natural gas boiler.

145

Table 4.1 contains the fossil CO2 emissions reduction if the primary energy source for electricity and space heat-
ing is biomass instead of natural gas. Di↵erent to table 4.1, in table 4.1 the substitution of both electricity and space
heating are allowed, meaning that electricity production is not converted into space heating through the use of heat
pumps. This is the reson why each fossil pathway contains one technology for heat and one for electricity suppy. The
technology used for space heating from fossil fuels is always the natural gas boiler. The reference value for normal-150

ization is the same as in table 4.1 (0.165 kgCO2/kWhWoodyBiomass).

4.2. Biomass role in the transport sector
As soon as the biomass is converted into conventional fuel it can be used to substitute the corresponding fossil fuel

used in transportation. Considering the perspective of the future energy system in 2035, it is important of not only155

considering the simple substitution but to also consider an e�ciency increase that will be made possible with future
technologies used in cars. It is in particular important to consider the electrification of the power train. Table 4 defines
the e�ciencies of di↵erent power trains in cars.

Table 4.2 shows the fossil CO2 emissions reduction if the primary energy source for mobility and space heat-
ing is biomass. The electricity generated by certain technologies is transformed into mobility service through the160

use of battery electric vehicles (Car-Elec). The biomass usage pathways that have heat production replace the use
of natural gas boilers for space heating. As in the previous tables, the reference value for normalisation is 0.165
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Ranking the most promising pathways
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Rank of the most the promising pathways 
(economic objectives)

Reducing the CO2 emissions : LCA substitution
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Global warming potential : impact reduction

• Ranks with the CO2 
savings potential 

• based on the same 
amount of biomass
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Bio-Chemical Conversion Route : speciality/plateform chemicals
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5-HMF Production Process

Fuel

Polyester
top	10	most	valuable	platform	chemicals	by	the	US	(DOE,	2010)

PET

Source: Masoud Talebi Amiri, Process design of 5-hydroxymethlfurfural (HMF) 
process and integration in biorefineries, Master Thesis, IPESE, EPFL, July 2014. 



francois.marechal@epfl.ch

Bio-Chemical Conversion Route : combined process
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Energy balance for biphasic system Economic analysis of biphasic system

Source: Masoud Talebi Amiri, Process design of 5-hydroxymethlfurfural (HMF) 
process and integration in biorefineries, Master Thesis, IPESE, EPFL, July 2014. 

Process Integration in Biorefineries

16Gassner,	Martin,	and	François	Maréchal.	“Increasing	Efficiency	of	Fuel	Ethanol	Production	from	Lignocellulosic	Biomass	by	Process	Integration.”	Energy	&	Fuels	27,	no.	4	(April	18,	2013):	2107–2115.	doi:10.1021/ef301952u.



Process Integration in Biorefineries
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Process Integration in Biorefineries
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Process Integration in Biorefineries
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Process Integration in Biorefineries
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Combined	production	of	bio-fuels	:	32	%	->	74%

Gassner,	Martin,	and	François	Maréchal.	“Increasing	Efficiency	of	Fuel	Ethanol	Production	from	Lignocellulosic	Biomass	by	Process	Integration.”	Energy	&	Fuels	27,	no.	4	(April	18,	2013):	2107–2115.	doi:10.1021/ef301952u.
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Hybrid (Bio-Chemical & Thermochemical) Process
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Integrated Ethanol and Methanol Production Process
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Combined chemicals and electricity
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Source: Albarelli et al., Multi-objective optimization of a sugarcane biorefinery for integrated ethanol and 
methanol production, Energy, In Press, 2015.
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Hybrid Thermo-chemical/bio-chemical platform
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• Integrated system 
• Base chemicals 
• Chemicals 
• Fuels/ fuel additives 
• Electricity 

• Goal : maximise the use 
of biogenic energy

The role in the energy system

• Long term energy storage 
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Reference Max 

electricity
Max 
Fuel

MJ MJe MJ

Synthetic 
Natural Gas

72.4 144.5 170.0

Fisher- Tropsh 
 Fuel

43.4 54.2 84.2

Gassner,	Martin,	and	François	Maréchal.	“Thermo-Economic	Optimisation	of	the	Integration	of	Electrolysis	in	Synthetic	Natural	Gas	Production	from	Wood.”	Energy	33,	no.	2	(February	2008):	189–198.	doi:10.1016/j.energy.2007.09.010.
E.	Peduzzi,	F.	Maréchal	and	G.	Boissonnet	(Dirs.).	Biomass To Liquids: Thermo-Economic Analysis and Mul9-Objec9ve Op9misa9on.	Thèse	EPFL,	n°	6529	(2015)



Biomass supply chain & biorefinery plant size

20 MWth: •  51.4 Mio. CHF 

•  29.5 Mio. CHF 

•  35.4 Mio. CHF

20 MWth

(1) 

(2) 

(3)

Transport = 10 % of the energy

Area = 40 km2

Productivity : 5000 Wyear/year/ha
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weighted performance score bSi;s of each technology configuration
at a given plant size was calculated by Eq. (14), where bEI

net
i;s;norm is

the normalized environmental performance, bPi;s;norm is the
normalized economic performance, and xei and xp are the weights
given to the environmental and economic dimensions, respectively
(the sum of xei and xp must add up to 1). Finally, the technology
configuration with the highest overall score was selected. It
corresponds to the optimal configuration at a specific plant size for
the specified weighting of environmental and economic
performances.

bSi;s ¼ bEI
net
i;s;normxei þ bPi;s;normxp (14)

This procedure was repeated (4) for all plant sizes, locations,
and scenarios. The outcomes (5) for each location are environ-
mental impact and profit curves for the defined plant size range.
The optimal plant size is the plant size with the maximal value of
bSi;s. Similarly, the optimal plant location can be determined by
identifying the location with the maximal value of bSi;s across all
locations.

2.4. Scenario and sensitivity analysis

Two scenarios were analyzed, representing the current
conditions (baseline scenario) and the conditions in a green
future scenario (Table 2). The baseline scenario refers to the
assumptions described above regarding environmental impacts,
costs and sales prices, as well as the “ready” technologies and the
ESA base wood availability scenario (1.2 million m3). The green

future scenario is a hypothetical scenario, which is characterized
by an increased scarcity of fossil energy resources on the one
hand, and policy incentives for the increased use of renewable
resources on the other hand. Due to the scarcity of fossil energy,
the oil price is assumed to be 50% higher. As a consequence, the
cost of forest maintenance and wood harvest is also higher,
which is why foresters raise the sales price of energy wood by
50%. Similarly, wood transportation is assumed to be 50% more
costly. Policy makers have reacted to that by guaranteeing feed-in
tariffs to support the development of more efficient bioenergy
conversion technologies. To foster advanced SNG conversion
technologies, which are used in the green future scenario, the
feed-in tariffs are doubled. Finally, in order to increase the
availability of renewable energy resources a temporary reduction
of the forest stock has been permitted. Therefore the ESA
maximum scenario determines the energy wood availability (3.3
million m3) in the green future scenario (even though the actual
availability of additional energy wood would in practice also
depend strongly on other factors, such as the demand for
roundwood [35]).

Additionally, sensitivity analyses were performed with regards
to weighting criteria and transport costs.

3. Results

3.1. Transport distances

Fig. 6 shows the average transport distances to supply SNG
plants with wood for all plant locations and plant sizes in the
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Fig. 6. Transport distances according to plant sizes, locations, and wood availability scenario (left: ESA base, right: ESA maximum).
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Fig. 7. CO2 emissions (left), profits (center) and weighted performance (right) for 5e200 MW plants at the location of Zurich (baseline scenario, weighting: 0.5 environment, 0.5
profit).
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Process Size => Investment

B. Steubing et al. /Renewable Energy 61 (2014) 57-68

• Biomass supply chain 
• Process intensification

200	MW	unit	location

Conclusions : why biorefineries ?
• Bio chemicals 

• Green products => Image 
• High value/low impact products 
• Life cycle green house gas emissions substitution 

• Biogenic carbon support 
• Fuels : stored & easily distributed energy 
• Fuel additives 
• Long term electricity storage 

• Importance of system integration 
• Bio-chemical/thermo-chemical/catalytic reactions integrated 
• Grid services 
• District heating 

• Difficulties 
• Supply chains 
• Economy of scale => process intensification 
• Cost of the ressources : wood vs fossil fuels
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