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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

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
205.9 kJ/mol

Endothermal

374.3 kJ/mol
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Thermochemical processes

Hydrogen Production by Natural Gas

Water gas-shift

CO + H2O  CO2 + H2 -41 kJ/mol

Exothermal
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Thermochemical processes

Hydrogen Production by Steam reforming

Steam methane reforming + Water gas shift + PSA

H2 19
CO 27
CO2 24
CH4 14
C2H6 5.0
N2 11

% mol

CO2 microalgae growthOther gas to burn and 
generate electricity/heat

P 1 bar
T 750 +273 K

H2 15 bar
T 35 +273.15
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Thermochemical processes

P 15 bar
T 35 +273 K

H2

880 bar

H2

750 bar
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Thermochemical processes

P 15 bar
T 35 +273 K

H2

880 bar

H2

750 bar

8 bar

20% hydrogen/natural gas blend
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Thermochemical processes

https://doi.org/10.1016/j.ijhydene.2011.12.047

MINIMUM ENERGY TO COMPRESS

https://doi.org/10.1016/j.ijhydene.2011.12.047
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Thermochemical processes

Isothermal compression = MINIMUM ENERGY TO 
COMPRESS

ቊ
𝑊 = 𝑝𝑑𝑉׬

pV=nRT
֞ 𝑊 = nRTln(Vf/Vi)

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen
_gas_compression.pdf

H2in

H2out

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen_gas_compression.pdf
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Thermochemical processes
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Thermochemical processes

START END

H2 15 bar
T 35 +273.15

H2 750 bar
T 35 +273.15

nRTln(Vf/Vi) = m/M*RTln(Vf/Vi)= 5011 kJ

Vf/Vi = pi/pf = 15/750 = 0.02  5 MJ/kg = 4% of LHV (120 MJ/kg)

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen_ga
s_compression.pdf
DOE Technology Validation Project data for compression from on-site H2 production is 
1.7 to 6.4 kWh/kgH2 

 = 50% (non-isentropic and 
motor efficiency)

 9.6 /3.5 kWh/kg = 2.75 kWh/kgH2

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen_gas_compression.pdf
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Thermochemical processes

START END

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen_ga
s_compression.pdf

8-12 kWh/kg LH2

H2 1 bar
T -253 +273.15

H2 15 bar
T 35 +273.15

https://www.hydrogen.energy.gov/pdfs/9013_energy_requirements_for_hydrogen_gas_compression.pdf
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Thermochemical processes

Fossil Fuel Comparator for Biodiesel
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Thermochemical processes

Fossil Fuel Comparator for Biodiesel

"Tallow oil to biodiesel and Glycerine to internal biogas" Development stage
0-9
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Thermochemical processes

RED II directive 

(*2)

Note: applies only to biofuels produced from animal by-products classified as category 1 and 2 material in accordance with

Regulation (EC) No 1069/2009, for which emissions related to hygenisation as part of the rendering are not considered.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC#ntc*2-L_2018328EN.01014701-E0014
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Thermochemical processes

For biofuels, for the purposes of the calculation referred to in point 3, the fossil fuel 
comparator EF(t) shall be 94 g CO2eq/MJ.

Fossil Fuel Comparator for Biodiesel RED II directive 

Emissions of the fuel in use, eu, shall be taken to be zero for biofuels and bioliquids.
Emissions of non-CO2 greenhouse gases (N2O and CH4) of the fuel in use shall be 
included in the eu factor for bioliquids
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Thermochemical processes

For biofuels, for the purposes of the calculation referred to in point 3, the fossil fuel 
comparator EF(t) shall be 94 g CO2eq/MJ.

Fossil Fuel Comparator for Biodiesel
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Thermochemical processes
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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


Env. Impact & LCA

Carla Silva camsilva@fc.ul.pt 28

Thermochemical processes

WATER

HCL

Process Water Other Water deion. 0.80 kg CO2eq/m3

Hydrogen Cloride 1.06 kg CO2eq/ kg

NaOH          Sodium hydroxide 0.53 kg CO2eq/ kg

INDIRECT EMISSIONS
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes
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Thermochemical processes

Rendering + Esterification/Transesterification 
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Thermochemical processes

✓ USED EMISSION FACTORS

✓ IPCC ASSESSEMENT REPORT???

✓ ALLOCATION FACTORS

TRANSPARENCY

REPRODUTIBILITY



Thanks




