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5 challenges!
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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 – 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
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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

ALLOCATION – ENERGY BASIS

Glycerin

C3H8O3

Biodiesel several molecular formula possibilities
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Processes – Esterification/Transesterification

ALLOCATION – ENERGY BASIS

Modification of Dulong's formula to estimate heating value of gas, liquid and solid fuels,
https://doi.org/10.1016/j.fuproc.2016.06.040.
(https://www.sciencedirect.com/science/article/pii/S0378382016302995)

C3H8O3

LHV [MJ/kg] = 38.2 mC + 84.9 (mH − mO/8) − ΔHl, where ΔHl described latent heat. When 
the equation applied to gas, liquid and solid fuels, ΔHl should be 0, 0.5 and 0.62 kJ/g, 
respectively.

mC = 3*12/(3*12+8+3*16) = 0.39 

mH = 8*1/(3*12+8+3*16)= 0.09

mO = 3*16/(3*12+8+3*16 = 0.52

 16.5 MJ/kg
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Processes – Esterification/Transesterification

ALLOCATION – ENERGY BASIS

FAME = 37.2 MJ/kg Glycerin = 16.5 MJ/kg

C3H8O3
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Processes – Esterification/Transesterification

ALLOCATION – ECONOMIC BASIS

Year?? Which market?? Reference monetary unit…Bitcoin….US$.....€???

https://www.indexmundi.com/commodities/

https://tradingeconomics.com/commodities
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Processes – Esterification/Transesterification

ALLOCATION – ECONOMIC BASIS

Year?? Which market?? Reference monetary unit…Bitcoin….US$.....€???

Quispe, C. A. G., Coronado, C. J. R., & Carvalho Jr., J. A. (2013). Glycerol: Production, 
consumption, prices, characterization and new trends in combustion. Renewable and 
Sustainable Energy Reviews, 27, 475–493. doi:10.1016/j.rser.2013.06.017

2002 450 US$/ton

2007  50 US$/ton  

Average global market

CRUDE GLYCEROL
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Processes – Esterification/Transesterification

ALLOCATION – ECONOMIC BASIS

Year?? Which market?? Reference monetary unit…Bitcoin….US$.....€???

REVISITING THE PALM OIL BOOM IN EUROPE AS A SOURCE OF RENEWABLE ENERGY: EVIDENCE 
FROM TIME SERIES ANALYSIS
Bentivoglio, Deborah; Bucci, Giorgia; Finco, Adele.
Calitatea, suppl. Quality-Access to Success: Acces la Success; Bucharest Vol. 19, Iss. S1,  (Mar 
2018): 59-66.
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Processes – Esterification/Transesterification

ALLOCATION – ECONOMIC BASIS

Year?? Which market?? Reference monetary unit…Bitcoin….US$.....€???
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Processes – Esterification/Transesterification

ALLOCATION – ECONOMIC BASIS
BIODIESEL

2002 359 US$/ton

2007  661 US$/ton  

e.g 2002

450 𝑈𝑆$/𝑡𝑜𝑛 ∗ 𝑡𝑜𝑛 𝑔𝑙𝑦𝑐𝑒𝑟𝑜𝑙

359
𝑈𝑆$
𝑡𝑜𝑛

∗ 𝑡𝑜𝑛 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 + 450
𝑈𝑆$
𝑡𝑜𝑛

∗ 𝑡𝑜𝑛 𝑔𝑙𝑦𝑐𝑒𝑟𝑜𝑙

359 𝑈𝑆$/𝑡𝑜𝑛 ∗ 𝑡𝑜𝑛 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙

359
𝑈𝑆$
𝑡𝑜𝑛 ∗ 𝑡𝑜𝑛 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 + 450

𝑈𝑆$
𝑡𝑜𝑛 ∗ 𝑡𝑜𝑛 𝑔𝑙𝑦𝑐𝑒𝑟𝑜𝑙
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Oil upgrading …continuation…..

Waste Vegetable Oils Rendered beef tallow Rendered poultry fat
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Oil upgrading …continuation…..

INVENTORY #1
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Oil upgrading …continuation…..

INVENTORY #2
Int J Life Cycle Assess (2017) 22:1837–1850
DOI 10.1007/s11367-017-1396-6



Biorefinery

Carla Silva camsilva@fc.ul.pt 25

Oil upgrading …continuation…..

INVENTORY #2
Int J Life Cycle Assess (2017) 22:1837–1850  DOI 10.1007/s11367-017-1396-6
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Oil upgrading …continuation…..
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Oil upgrading …continuation…..

Boundary enlargement….

Farming

Rendering
Plant

Slaughter
house

Electricity Heat

Heat

Electricity

Electricity Heat
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Oil upgrading …continuation…..

Boundary enlargement….

Farming

Rendering
Plant

Slaughter
house

Electricity Heat

Heat

Electricity

Electricity Heat

Waste
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Oil upgrading …continuation…..

Boundary enlargement….
Electricity Heat

Waste

Waste-Treatment unit
Heat

Electricity

Bio-oil upgrading 
responsible for GHG 
emissions for the 
Waste-Treatment Unit
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Oil upgrading …continuation…..

Boundary enlargement….
Electricity Heat

Waste

Waste-Treatment unit
Heat

Electricity

Waste-Treatment Unit

Products are 
“burden-free”
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Oil upgrading …continuation…..

How to treat wastes IN TERMS OF CARBOON 
FOOTPRINT?????….

Waste Vegetable Oils

“Wastes and residues, including tree tops and 
branches, straw, husks, cobs and nut shells, and 
residues from processing, including crude glycerine
(glycerine that is not refined) and bagasse, shall be 
considered to have zero life-cycle greenhouse gas 
emissions up to the process of collection of those 
materials irrespectively of whether they are processed 
to interim products before being transformed into the 
final product.”
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Sustainability Criteria RED II

potential for delivering substantial greenhouse gas emissions savings compared to 
fossil fuels based on a life- cycle assessment of emissions;

the fossil fuel comparator shall be 94 g CO2eq/MJ for road vehicles
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Sustainability Criteria RED II

potential for delivering substantial greenhouse gas emissions savings compared to 
fossil fuels based on a life- cycle assessment of emissions;

the fossil fuel comparator EF(t) shall be 94 g CO2eq/MJ.
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Sustainability Criteria RED II

potential for delivering substantial greenhouse gas emissions savings compared to 
fossil fuels based on a life- cycle assessment of emissions;

the fossil fuel comparator EF(t) shall be 83.8 g CO2eq/MJ no LUC
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Oil upgrading …continuation…..

1st generation (1G) 2nd gen. (2G) 3rd gen. (3G)

Land intensive –
food competing

Wastes/ 
Lignocellulose

Not land intensive

e.g. palm oil
Rapeseed
Sunflower
Soybean

Genetic modified 
biomass

Not land intensive

4rd gen (4G)

e.g. tallow
Rendered fat
Industrial, 
household and 
agriculture wastes

e.g. autotrophic, 
heterotrophic 
microalgae

Algae/marine

Not land intensive

e.g. genetic 
enhanced 
microalgae for oil 
production
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Oil upgrading …continuation…..

Max 7% 1G 
biofuels

Min 3.5% 2G and 
3G generation 
biofuels
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Oil upgrading …continuation…..
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Biodiesel vs Diesel

Fossil Fuel Comparator of Biodiesel?
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Biodiesel vs Diesel

Fossil Fuel Comparator of Biodiesel?

Diesel fuel
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Refinery scheme
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Refinery inventory

10000 tons of crude oil

154.17 ton steam
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Refinery inventory

Europe demand of crude oil
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Challenge #3

a) Consider the origin of the biomass from oil upgrading processes of challenge #2. 
Enlarge the boundary of your analysis and compute new values of biodiesel and 
glycerin carbon footprint for beef tallow and poultry fat.

b) Consider Energy allocation. Compute diesel fossil fuel comparator carbon footprint 
from the refinery inventory provided.

c) Compare biodiesel with diesel fossil carbon footprint and estimate the GHG savings, 
absolute and relative of using, in Europe 6mb/d for a year. Justify the boundary 
used.

Deadline: 20 April

Delivery: pdf by e-mail camsilva@fc.ul.pt

mailto:camsilva@fc.ul.pt
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Processes – Conversion Technologies
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Processes – Biochemical conversion

Day 6 April: Biorrefinarias
com processos de 
fermentação.

Easter holydays 13 - 19 April

Day 20 April: Visita de estudo
projeto GREENFUEL edificio F 
LNEG.

Day  27 April: Exercises and 
Challenge biochemical 
pathway



Thanks




