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Definition & examples

‘‘Biorefining is the sustainable processing of biomass
into a spectrum of marketable products and energy”.

IEA Bioenergy Task 42 
‘‘Biorefineries”

2007
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Definition & examples

The biorefinery concept: Using biomass instead of oil for producing 
energy and chemicals, Energy Conversion and Management,
Volume 51, Issue 7, 2010, Pages 1412-1421, ISSN 0196-8904,
https://doi.org/10.1016/j.enconman.2010.01.015

https://doi.org/10.1016/j.enconman.2010.01.015
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BIOREFINERY

Biomass

Electricity

Heat

Chemicals

Bioenergy

Biochemicals

Biofuel

EmissionsWaste

8

Processes

Collect and pre-treat: Build products:Decompose biomass in:
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Processes – Conversion Technologies
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Processes – Conversion Technologies

PYROLYSIS

Fuel

N2

Energy

COMBUSTION

Fuel

Air (21%O2 79%N2)

Products (gaseous)

Energy

Products (gaseous)

Products (solid)

Products (liquid)
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Processes – Conversion Technologies

https://doi.org/10.1016/j.cej.2020.125406

Bio-oil

https://doi.org/10.1016/j.cej.2020.125406
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Processes – Conversion Technologies

Bio-oil
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Processes - Pyrolysis

Biomass

Biochar

Biogas

Bio-oil

Electricity
Pyrolysis Reactor
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Processes - Pyrolysis

Doi:10.1088/1757-899X/1051/1/012075
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Processes - Pyrolysis

Doi:10.1088/1757-899X/1051/1/012075

Biomass (2.85 ton Miscanthus)

Biochar (1 ton) 

Biogas (0.85 ton)

Bio-oil (1 ton)

Electricity (2086 kWh)
Pyrolysis Reactor
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Product – Pyrolysis -Biochar

DOI: 10.1007/s11157-020-09553-x
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Product – Pyrolysis - Biochar

https://doi.org/10.3390/polym13162663

https://doi.org/10.3390/polym13162663
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Product – Pyrolysis - Biochar

DOI: 10.23986/afsci.8095
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Product – Pyrolysis - Biochar

https://doi.org/10.1016/j.rser.2020.110464

https://doi.org/10.1016/j.rser.2020.110464
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Processes – Pyrolysis - Biogas

DOI: 10.5772/intechopen.69036

Non-condensable gases

https://www.youtube.com/watch?v=Ut3I7OIPFR8

https://www.youtube.com/watch?v=Ut3I7OIPFR8
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Product – Pyrolysis -Biogas

10.1016/j.enconman.2010.01.007 Feedstock:
scrap tyres and waste lubricating oil



Biorefinery

Carla Silva camsilva@fc.ul.pt 22

Product – Pyrolysis –Bio-oil

DOI: 10.1002/ep.10382
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Processes – Pyrolysis – Bio-oil
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Product – Pyrolysis –Bio-oil

https://doi.org/10.1016/j.fuproc.2016.04.015

https://doi.org/10.1016/j.fuproc.2016.04.015
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Processes – Esterification/Transesterification

Bio-oil

Bio-Diesel

Glycerin

Used-cooking oil

https://www.youtube.com/watch?v=rrldwVGmmy4

alcohol

catalyst

Bio-oil 
upgrading

https://www.youtube.com/watch?v=rrldwVGmmy4


Biorefinery

Carla Silva camsilva@fc.ul.pt 26

Processes - Transesterification

 40-65°C
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Processes - Transesterification
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Processes - Transesterification

A scheme is interesting but for sustainability evaluation we need 
quantification!!!!
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Processes - Transesterification
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Processes - Transesterification

Biodiesel

Palm oil
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Processes - Transesterification

WCO- Waste Cooking Oil
THE HIGHER Cetane number THE 
HIGHER THE AUTO-IGNITION
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Processes – Esterification&Transesterification

https://doi.org/10.1016/j.renene.2011.07.016

Chemicals

Energy

Inputs

Feedstock

https://doi.org/10.1016/j.renene.2011.07.016
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Processes – Esterification & Transesterification

https://doi.org/10.1016/j.renene.2011.07.016

Chemicals (Glycerin)

Biodiesel

Ouputs

Wastes

https://doi.org/10.1016/j.renene.2011.07.016
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Processes – Esterification & Transesterification

https://doi.org/10.1016/j.renene.2011.07.016

99% Biodiesel to Oil intake

Chemicals (Glycerin) typically 10% of biodiesel produced

Ouputs

Inputs

Oil intake to Alcohol ratio:  11 

NaOH to oil ratio:  1% w/w

https://doi.org/10.1016/j.renene.2011.07.016
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Processes – Esterification & Transesterification

ENERGY NEEDS, waste vegetable oils upgrading, 1205.12 kg  

133.12 kWh + 31.43 kWh + 20.34 kWh = 184.89 kWh

1628.93 MJ + 222.3 MJ + 1650.84 MJ = 3502.07 MJ
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Processes – Esterification & Transesterification

CARBON FOOTPRINT ELECTRICITY/ NATURAL GAS

How is generated 1 kWh of electricity?

How is generated locally 1 MJ of heat?
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Processes – Esterification & Transesterification

CARBON FOOTPRINT ELECTRICITY

How is generated 1 kWh of electricity?

European average context

Prussi, M., Yugo, M., Padella, M., 
Edwards, R., Lonza, L and De 
Prada, L., JEC Well-to-Tank report 
v5: Annexes, Hamje, H., editor, 
EUR 30269 EN, Publications 
Office of the European Union, 
Luxembourg, 2020, ISBN 978-92-
76-21707-7, doi:10.2760/06704, 
JRC119036.
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Processes – Esterification & Transesterification

CARBON FOOTPRINT ELECTRICITY

Transmission losses 1 kWh of electricity?

European average context

Prussi, M., Yugo, M., Padella, M., 
Edwards, R., Lonza, L and De 
Prada, L., JEC Well-to-Tank report 
v5: Annexes, Hamje, H., editor, 
EUR 30269 EN, Publications 
Office of the European Union, 
Luxembourg, 2020, ISBN 978-92-
76-21707-7, doi:10.2760/06704, 
JRC119036.

HV MV LV

3% 4% 7%

1 MJe
1 MJe 1 MJe

0.03 MJe 0.04 MJe 0.07 MJe
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Processes – Esterification & Transesterification

CARBON FOOTPRINT NATURAL GAS
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Processes – Esterification & Transesterification

CARBON FOOTPRINT NATURAL GAS
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Processes – Esterification & Transesterification

CARBON FOOTPRINT NATURAL GAS

How is generated locally 1 MJ of heat?

Fossil Natural Gas combustion

LHV = 46.6 MJ/kg

Efficiency = 0.8 (80% energy released converting to heat)

CO2combustion = 55.1 g/MJ

CO2 upstream natural gas production = 17.5 g /MJ

NG

1 MJth

55.1*1.2 g CO2

1.2 MJth

0.2 MJth

Heat
Losses

NG extraction 
and transport

1.2 MJth

Natural gas from Russia, transport to 
EU by pipeline (a, 4300 km to EU 
border and 700 km inside EU) 

17.5 g*1.2 CO2eq
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Processes – Esterification & Transesterification

CARBON FOOTPRINT NATURAL GAS

How is generated locally 1 MJ of heat?

Fossil Natural Gas combustion

LHV = 46.6 MJ/kg

Efficiency = 0.8 (80% energy released converting to heat)

CO2combustion = 55.1 g/MJ

CO2 upstream natural gas production = 15.1 g /MJ

NG

1 MJth

55.1*1.2 g CO2

1.2 MJth

0.2 MJth

Heat
Losses

NG extraction 
and transport

1.2 MJth

Southern Asia / Middle East (b, 4000 km), 
distribution through gas high pressure trunk lines and 
low pressure grid, compression to CNG at retail point

15.1 g*1.2 CO2eq
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Processes – Esterification & Transesterification

CARBON FOOTPRINT NATURAL GAS

How is generated locally 1 MJ of heat?

European average context

Prussi, M., Yugo, M., Padella, M., 
Edwards, R., Lonza, L and De 
Prada, L., JEC Well-to-Tank report 
v5: Annexes, Hamje, H., editor, 
EUR 30269 EN, Publications 
Office of the European Union, 
Luxembourg, 2020, ISBN 978-92-
76-21707-7, doi:10.2760/06704, 
JRC119036.
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Processes – Esterification & Transesterification

Prussi, M., Yugo, M., Padella, 
M., Edwards, R., Lonza, L and 
De Prada, L., JEC Well-to-Tank 
report v5: Annexes, Hamje, H., 
editor, EUR 30269 EN, 
Publications Office of the 
European Union, Luxembourg, 
2020, ISBN 978-92-76-21707-7, 
doi:10.2760/06704, 
JRC119036.
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Processes – Esterification & Transesterification

Prussi, M., Yugo, M., Padella, 
M., Edwards, R., Lonza, L and 
De Prada, L., JEC Well-to-Tank 
report v5: Annexes, Hamje, H., 
editor, EUR 30269 EN, 
Publications Office of the 
European Union, Luxembourg, 
2020, ISBN 978-92-76-21707-7, 
doi:10.2760/06704, 
JRC119036.
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Processes – Esterification & Transesterification

Prussi, M., Yugo, M., Padella, 
M., Edwards, R., Lonza, L and 
De Prada, L., JEC Well-to-Tank 
report v5: Annexes, Hamje, H., 
editor, EUR 30269 EN, 
Publications Office of the 
European Union, Luxembourg, 
2020, ISBN 978-92-76-21707-7, 
doi:10.2760/06704, 
JRC119036.
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Processes – Esterification & Transesterification

ALLOCATION

Process

Feedstock

Chemicals

Energy

Product 1

Product 2

Waste

Emissions
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Processes – Esterification & Transesterification

ALLOCATION – MASS BASIS

Process

Feedstock

Chemicals

Energy

Product 1

Product 2

Waste

Emissions
EP1= Emissions*massP1/(massP1+massP2)

EP2= Emissions*massP2/(massP1+massP2)
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Processes – Esterification & Transesterification

ALLOCATION – ENERGY BASIS

Process

Feedstock

Chemicals

Energy

Product 1

Product 2

Waste

Emissions
EP1= Emissions*energyP1/(energyP1+energyP2)

EP2= Emissions*energyP2/(energyP1+energyP2)

Energy content based on LHV = Lower Heating Value
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Processes – Esterification & Transesterification

ALLOCATION – ECONOMIC BASIS

Process

Feedstock

Chemicals

Energy

Product 1

Product 2

Waste

Emissions
EP1= Emissions*costP1/(costP1+costP2)

EP2= Emissions*costP2/(costP1+costP2)
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Processes – Esterification & Transesterification

COST – ECONOMIC BASIS

Cost and price depend on the market….and year
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Processes – Esterification & Transesterification

COST – ECONOMIC BASIS

Biodiesel 

The development of weekly crude oil, biodiesel, rapeseed oil and soya oil prices between July
2002 and July 2009 is depicted in Figure  (358 observations in total).

German biodiesel market
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Processes – Esterification & Transesterification

COST – ECONOMIC BASIS

Glycerin

https://doi.org/10.1016/j.rser.2013.06.017

https://doi.org/10.1016/j.rser.2013.06.017
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Processes – Esterification & Transesterification

COST – ECONOMIC BASIS

Glycerin 400 $2002/ton

Biodiesel 750€2002/ton 

€2020???

https://www.poundsterlinglive.com/bank-of-
england-spot/historical-spot-exchange-
rates/usd/USD-to-EUR-2002

Glycerin 400*1.06 €2002/ton
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Processes – Esterification & Transesterification

COST – ECONOMIC BASIS

Biodiesel 750€*1.3 2020/ton 

€2020???

Glycerin 400*1.06 €2002/ton

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ipc

1€2002 = 1,30267102018347 1€2020 

Biodiesel 750€2002/ton 

Glycerin 400*1.06*1.3 €2020/ton

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ipc
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Processes – Esterification & Transesterification

Product 1

Product 2

Biodiesel

Glycerin

Carbon source 
fermentation
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Challenge #2

Observe the input/output inventory for oil upgrading of beef tallow, 
poultry fat and sewage sludges.

i) Calculate the fossil CO2eq emitted by the energy needs of each 
process due to energy consumption. a) assume NG from Russia b) due 
to war assume NG from Middle East

ii) Allocate emissions to biodiesel and glycerin, mass basis, energy 
basis and economic basis.
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Challenge #2

iii) Discuss which biodiesel comes with higher carbon footprint.

iv) If the electricity was provided locally by solar PV how would change 
the biodiesel carbon footprint? Calculate the new data for biodiesel 
and glycerin.

Deadline: 23 March

Send: pdf and excel by e-mail camsilva@fc.ul.pt

mailto:camsilva@fc.ul.pt


Thanks




