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5 challenges!

Oral evaluation: discussing the challenges
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27-06-2022
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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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Definition & examples

REFINERY

Crude oil

Electricity

Heat

Chemicals

Gases (LPG)

Nafta (chemicals)

Gasoline

Kerosene(Jet fuel)

Diesel

Residue (Bitumen)

EmissionsWaste

BIOREFINERY

Biomass

Electricity

Heat

Chemicals

Bioenergy

Biochemicals

Biofuel

EmissionsWaste
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Thermochemical processes

•DOI: 10.1016/j.ejbt.2017.01.004

http://dx.doi.org/10.1016/j.ejbt.2017.01.004
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Thermochemical processes

COMBUSTION

GASIFICATION

PYROLYSIS

Air (21%O2, 79% N2)

Fuel

Gas

Liquid (Bio-oil)

100% N2

Fuel

Air (21%O2, 79% N2)

Fuel Solid (Ash)

Gas

Solid (Biochar)

Energy

Gas

Solid (Biochar)

Energy
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Thermochemical processes

https://doi.org/10.1016/j.wasman.2011.09.025

https://doi.org/10.1016/j.wasman.2011.09.025
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Thermochemical processes

TORREFACTION

Heating no oxygen

Herdade das Argamassas, 7370-171 Campo 
Maior
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Thermochemical processes

STEAM (T=Temperature, P = Pressure)
COMBUSTION
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Thermochemical processes

STEAM (T=Temperature, P = Pressure)
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes

STEAM (T=Temperature, P = Pressure) Energy Content

Specific Enthalpy = kJ/kg

From tables, for example, SUPERHEATED VAPOUR

@99.63 C, 1 atm, 2675.5 kJ/kg (2.68 MJ/kg)

@750 C, 200 atm, 3940 kJ/kg (3.94 MJ/kg)
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Thermochemical processes

Hydrogen Production by Natural Gas

Matzen, Michael J.; Alhajji, Mahdi H.; and Demirel, Yasar, "Technoeconomics and Sustainability of Renewable Methanol and Ammonia Productions Using Wind Power-
based Hydrogen" (2015). Yasar Demirel Publications.
http://digitalcommons.unl.edu/cbmedemirel/9
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Thermochemical processes

Hydrogen Production by Natural Gas

A steam methane reformer (SMR) uses steam heat (H2O), pressure, and a catalyst to convert 
methane (CH4) into hydrogen (3H2) and carbon monoxide (CO). For this reaction to occur, 
the temperature must be within 700–1,000°C, while the pressure can vary from 3 to 25 bar

STEAM 750 C
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Thermochemical processes

Steam production by Natural Gas combustion

Natural Gas

Water (H2O)
Combustion 
gas products

STEAM (H2O)
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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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Thermochemical processes

Steam production by Natural Gas combustion

Natural Gas
(EU mix piped NG)

Heat exchanger efficiency = 85%

Water in (H2O)
Heat exchanger

Water out (H2O)

20C 70C

LHV = 46 MJ/kg

56.1 gCO2/MJ

How much natural gas to 
produce 100 kg hot water?

mNG*LHV=
𝑚𝑐𝑝∆𝑇



mNG=
𝑚𝑐𝑝∆𝑇

𝐿𝐻𝑉∗0.85

mNG= 
100kg∗4.18 𝑘𝐽

𝑘𝑔𝐾
∗50K

46000
𝑘𝐽

𝑘𝑔
∗0.85

= 0.69kg

CO2 = 56.1*0.69*46*10^-3 = 1.79 kg
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Thermochemical processes

Steam production by Natural Gas combustion

How much emissions to 
produce 100 kg water?

mNG*LHV=
𝑚𝑐𝑝∆𝑇



mNG=
𝑚𝑐𝑝∆𝑇

𝐿𝐻𝑉∗0.85

mNG= 
100kg∗4.18 𝑘𝐽

𝑘𝑔𝐾
∗50K

46000
𝑘𝐽

𝑘𝑔
∗0.85

= 0.69kg

CO2 = 56.1*0.69*46*10^-3 = 1.79 kg
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Thermochemical processes

Steam production by Natural Gas combustion

How much emissions to 
produce 100 kg steam ?

mNG*LHV=

𝑀𝐽

𝑘𝑔
∗𝑘𝑔



mNG=
3.94∗100

56.1∗0.85

CO2 = 
3.94∗100

0.85
*46*10^-3 =  21.3 kg

@750 C, 200 atm, 3940 kJ/kg (3.94 MJ/kg)

EF vapor produced natural gas =  21.3/100 = 0.213 kg CO2/kg = 0.05 kg CO2/MJ

Emission Factor 
(EF)



Env. Impact & LCA

Carla Silva camsilva@fc.ul.pt 27

Thermochemical processes

Biodiesel vs Diesel?????

Assignement#2 & #3
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Thermochemical processes

Fossil Fuel Comparator for Biodiesel
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LCA-Life Cycle Assessment
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LCA-Life Cycle Assessment
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LCA-Life Cycle Assessment
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LCA-Life Cycle Assessment
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LCA-Life Cycle Assessment

ALCA = ATRIBUCIONAL LIFE CYCLE ASSESSEMENT
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LCA-Life Cycle Assessment
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LCA-Life Cycle Assessment
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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.
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Processes – Biochemical conversion

Day 4 May

Day 11 May

Pyrolysis products: Biochar and Bio-oil
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Challenge #4

Relate the ISO 14040 LCA steps with your work in challenge #2 and #3 (deadline 
oral examination)
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Challenge #4

Relate the ISO 14040 LCA steps with your work in challenge #2 and #3 (deadline 
oral examination)

Send pdf e-mail

25-05-2022     

07-06-2022

27-06-2022

quar 16-19h | 8.2.13

ter 16:30:00 19:30:00 03:00:00 1.3.14 | 1.3.15 

seg 16:30:00 19:30:00 03:00:00 1.3.14 | 1.3.15



Thanks




