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: IEA Bioenergy Task 42
\¥ “Biorefineries”

IEA Bioenergy

lechnology Collaboration Programme

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

2007
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Qj The biorefinery concept: Using biomass instead of oil for producing

i energy and chemicals, Energy Conversion and Management,
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https://doi.org/10.1016/j.enconman.2010.01.015
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Collect and pre-treat:

Sustainable
pre-

treatment
technology

Sustainable biomass supply

=

IEA Bioenergy

Task42 - Biorefining in a Circular Economy

Decompose biomass in:

Oils (fats)

Build products:

BIOENERGY

(FUELS, POWER, HEAT)

CHEMICALS MATERIALS

Fibres
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Large-scale sustainable use of biomass

Circular

(Bio)Economy
Recycle resources
nutrients, water 3
Recycle of materials
bulk chemicals <

Renewable
Resources

Re-think products
& needs

/

Circular economy
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Crude oil
Electricity
—

Heat
——

Chemicals

—

Gases (LPG)

Gasoline

Nafta (chemicals)

REFINERY
Kerosene(Jet fuel)
Diesel
Residue (Bitumen)
——
Waste Emissions

Biomass
Electricity

Heat
—

Chemicals

—

BIOREFINERY

Bioenergg

Biofuel

Biochemicals

Waste Emissions

10
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Fossil fuel Biomass

Took hours, days, month to form

Took million years to form and
and can be replaced in a short term

another million years to be replaced

Global carbon dioxide budget

(gigatonnes of carbon dioxide per year)
20072016 garbage
Fossil fuels & Atmospheric Land sink
industry growth 11.2+30 Budget
343+20 173+0.2 L:::ﬁ;ie Imbalance

|
49+30 @1y

Ocean sink
87+20

sewage

Forestry/
Agriculture/
industrial waste

Geological
reservoirs
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C |t Definition & examples SR

livestock biorefinery

Human food
ﬁ Leather

—)

Animal food

—)

Tallow

—

Carla Silva camsilva@fc.ul.pt 12



C | Definition & examples

Env. Impact & LCA

livestock biorefinery

=

P\ : > Human food

Omega-3 supplements

Other input
| D —_—

- Animal food

Waste ﬁ

Carla Silva camsilva@fc.ul.pt
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livestock manure biorefinery

- i : - ),
'bv Bk T > : - » !
' [ ' L
o i : | o9
S i E
6 ---------- _)
Recycling Energy
Nutrients Recovery
l Crop Land Digestate Heat and Power
generation

-.--‘---‘

Sanjeev Kumar Awasthi, Manish Kumar, Surendra Sarsaiya, Vivek Ahluwalia, Hongyu Chen, Guneet Kaur, Ranjna Sirohi, Raveendran Sindhu,
Parameswaran Binod, Ashok Pandey, Rashmi Rathour, Sunil Kumar, Lal Singh, Zengqiang Zhang, Mohammad J. Taherzadeh, Mukesh Kumar
Awasthi, Multi-criteria research lines on livestock manure biorefinery development towards a circular economy: From the perspective of a life

cycle assessment and business models strategies, Journal of Cleaner Production, 2022, 130862, ISSN 0959-6526,
https://doi.org/10.1016/j.jclepro.2022.130862
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Anaerobic digester biorefinery

UNIVERSITY OF

MICHIGAN
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Rethinking ‘waste’ as power for campus.mp4
Esquema anaerobic digester biorefinery.mp4
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Solid residues

Fibres I > Heat and electricity
Chemicals oul |:> UWF Paper
ulp ,
=
Biomass Market pulp
residues I:>

Chemicals & energy
recovery (combustion)

THE

NANIGATOR

COMPRANY
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Tomorrow pulp & paper biorefineries N

NANIGATOR

COHPANY

Up-graded residues

| > | Solid residues |
Fibres [ ' | Heatand electricity |
Chemicals |:> ou |:> UWF Paper
ulp .
Wood [ Fibres | [
‘ Market pulp
Biomass
residues :> |:>
|:'I> New fibre-based
[ products
Pulping o
) By-products ::> Lignin
Chemicals & energy
recovery (combustion)
K > Cellulose .
P :> Hemicelluloses |:> Bioproducts
Sugars Biochemicals
Lignin Biofuels
Biomass deconstruction Extractives

& separation processes

science boosting a cutting-edge forest bioeconomy RAIz

M it de by e lereai # Popl
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microalgae biorefinery

Nutrients

Intact
Intact microalgae Disrupted
microalgae (small pores) microalgae

Extraction . Celldisruption . ¢ . P
e » .
N (B - )
£ SN N ; R
.®

lonic liquids < - . +* Bead milling
/solvents "N \s8 * A

e Lipids
@ Pigments
e Carbohydrates

EleCt r|C|ty Photosynthesis

Microalgae Cultivation) | ® Proteins

Pigments l Bio-oill Bio-charl Bio-gas l
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wastewater biorefinery

ORGANIC WASTE FROM HOUSEHOLDS

WASTEWATER

ORGANIC WASTE
FROM INDUSTRY

SLUDGE

CLEAN MANURE AND
INPROVED FROM AGRICULTURE
QUALITY ——

BIOGAS

ORGANIC
FERTILISER

L Y
St
‘ ELECTRICITY

http://www.billundbiorefine ry.dk/en/
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organic waste biorefinery

MAAL W
Aase
A ENERGIA

RECOLHA
SELETIVA

RECOLHA SELETIVA

TRIAGEM DE MATERIAIS RECICLAVEIS

% VALORIZACAQ ORGANICA % SRR
" - VALORIZACAO ENERGETICA
RECOLHA m

DE ORGANICOS VALORIZAGCAO DE ESCORIAS

DEPOSICAO EM ATERRO

RECICLAVEIS
®
VALORSUL ® ©
RECOLHA ® 2 @
INDIFERENCIADA AGREGADO

f( Valorsul
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) SUSTAINABLE M, CLIMATE
%/ DEVELOPMENT “an’ ALS 1 ACTION
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The Carbon cycle science dilemma of carbon pollution

-? Ie1 :.:.;t C} From National Research Council

Carbon

Cycle.

This

recycles 5

carbon. S Exchange Ocean

CLIMATE
ACTION

Itisa

temb[:)orary e I::I)Iogl
carbon

store that carbon
could buy

us time but 7 pump
el \Vegetation 610,
remove C02 .

for us. Soils 1580

LA

Ly

L
Very B2
Long vV
Term N
Carbon o

Cycle. "ot
Only this y c ’ " Ml
= - - - ultimate
g:gzncta)?lsed 1000’syears 10sto 100syears ; - ~ carbon
remove CO2. - - - Short (re) cycle :  controller.
But it
operates
over many
1000s of
years so
that does Exchange
not help us.

- This is the

‘ Photosynthesis
Respiration

Carbon Neutral Commons by Ted Redelmeier is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.
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Ultra long term carbon cycle

(qe )
Atmosphere Carbon Cycle
The short term x\
land and ocean N s
cycle is shown by C ®

the thin lines

inside the thick
lines of the long
term ocean cycle.

CLIMATE
ACTION
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Env. Impact & LCA

y Ciéncias
e Framework

IEA Bioenergy
Conference 2021

Speakers

The role of biomass in the transition
towards a carbon neutral society

The IEA Roadmap ‘Net Zero Emissions by 2050’ recognizes bioenergy as an important option,
representing 18% of total energy supply in 2050, and playing a major role to reach carbon neutrality
of the global energy system, either through the direct replacement of fossil fuels, or to offset
emissions indirectly through the combined use of bioenergy with carbon capture and
storage/utilisation.

An increasing role of biomass/biofuels will be needed in industry, transport as well as heat and
power production. The conference sessions considered latest developments and prospects of
biomass/bioenergy in different sectors, as well as sustainable feedstock mobilisation and the role
of biomass in a circular bio-economy.

https://www.ieabioenergyconference2021.org/

Carla Silva camsilva@fc.ul.pt 24
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EU-INDIA-BCE @
- # CONFERENCE "z
: o
W@ 2 Y - 6., PROGRESS IN
AR By E BIOFUELS
: \ B4 2 -4 MARCH 2022
- ONLINE
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Next steps for Zero Emission Vehicles in the UK

Morning, Friday, 11" March 2022

This conference will examine the future for Zero Emission Vehicles (ZEVs) in the UK, with discussion on:

e-progress toward the Government’s targets of ending the sale of new petrol and d|esel’:ars by 2030 and
ensuring all issi at the tailpipe by 2035

¢ priorities for reforming the regulatory framework

* how supply chain issues around materials and computer chips can be addressed
* next steps for scaling up electric vehicle and charge point rollout

Discussion will also look at how to support the UK automotive industry in the transition to ZEVs, what
opportunities there are for commercialisation, and how to scale up and tackle commercial barriers in the context
of the Government’s policy ambitions for transport and its net-zero targets.

Carla Silva camsilva@fc.ul.pt 26
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i) An incineration unit with energy valorization of heat and electricity can be

considered a biorefinery? Justify by pinpointing your arguments

https://youtu.be/1DpnelFBbsl

Nalural

Alr preheating \

l Energy recovery

Economizer l from flue gas

Power oxport
- t ,‘ Air cooler
Rptad _@M
electricity
Superheated Expanded steam
steam W 1 . . =
Heat | District heatin
utilization
COMBUSTION
CHAMBER

Catalytic filter

Wet scrubber

Process steam

system
Energy recovery Condensato
from steam Air

Carla Silva camsilva@fc.ul.pt
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i) Go to
https://datam.jrc.ec.europa.eu/datam/mashup/BIOBASED INDUSTRY/index.html
And identify how many pulp and paper biorefinery there are in Portugal and in Europe.

| > Solid residues
Fibres I > Heat and electricity
S " |:> UWF Paper
Wood Fibres |:>
o = Rl

Chemicals & energy
recovery (combustion)

THE

NANIGATOR

COMPRANY

Carla Silva camsilva@fc.ul.pt 28
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iii) If a system converts biomass to biofuel and bioproducts but displaces more fossil fuels
than the fossil-based comparators can be considered a biorefinery?

Deadline: 8 March

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

Carla Silva camsilva@fc.ul.pt 29
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