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IEA Bioenergy 1. IEA Bioenergy

IEA Bioenergy Is one of a number of Implementing
Agreements (IAs) establised more than 30 years
ago by the International Energy Agency (IEA)

Annual budget (2010): over 2 M US$

Aim Is to provide platforms for international
collaboration and information exchange In
bioenergy research, development, and
demonstration

23 contracting parties (member countries)
AUS, AT, BEL, BRA, CAN, CRO, DEN, EC, FIN,
FRA, GER, IRE, IT, JP, NL, NZ, NOR, SA, SWE,
SUI, TUR, UK, USA
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12 Tasks

Raw material related Tasks
Biomass Feedstocks for Energy Markets (43)
Energy Recovery Solid Waste Management (36)

Conversion process related Tasks
Combustion and Cofiring (32)

Thermal Gasification (33)

Pyrolysis (34)

Biogas & Landfill Gas (37)

Liquid Biofuels (39)

Assessment based Tasks
Socio-economic drivers (29)
AMF-cooperation (41)

Sustainable International Biomass Trade (40)
Greenhouse Gas Balances (38)

Task 42 Biorefinery
dealing with both raw materials, conversion

processes and products in a

Full Value Chain approach
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Task 42 Biorefineries

Task 42 Biorefinery

Framework Sustainable
conversion of biomass into
both Biobased Products and
Bioenergy

Aims
1) Assess the worldwide position and potential for
biorefineries

2) Gather new insights for the simultaneous
production of food, feed, chemicals, materials,
fuels, power and/or heat from biomass in a
socially and environmentally acceptable and
economically profitable way
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Task 42 Biorefineries

Task 42 Biorefinery

13 Partners
Founding (2007) members (8):

Austria, Canada, Denmark, EU, France,
Germany, Ireland, the Netherlands

New Members:

2009: Australia, Italy
2010: USA, United Kingdom, Turkey
(to be decided: Belgium)
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www.|EA -Bioenergy.Task42-

Task 42 Biorefineries

Biorefineries.com

Task 42 Biorefinery

Results 2007 - 2009
Common definition for biorefineries

Common classification system for biorefineries

Country reports on current processing potential and
mapping of existing plants.

|dentification of biorefinery related RD&D
programmes in participant countries

Annual biorefinery seminar for stakeholders.

Linking of ongoing international activities through
joint events and new initiatives
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www.|EA -Bioenergy.Task42-

Task 42 Biorefineries

Biorefineries.com

Task 42 Biorefinery
Activities 2010 - 2012

1. Developing a Biorefinery Complexity Index

2. ldentification most promising BBPs to be co-
produced with Bioenergy

3. Assessing the current status and development
potential of Energy-driven Biorefineries based on a
Full Value Chain approach

4. Preparation of a Guidance document on
Sustainability Assessment for BRs

5. Preparing a Summarising BR Paper

6. Bio-annual Task Meetings (internal know. diss.)
7. Workshops/website (external know. diss.)

8. Biorefinery Summer School
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Task 42 Biorefineries

2. Biorefining — Definition

Biorefining Is the Sustainable
Processing of Biomass into a
Spectrum_of Marketable Bio -based
Products & Bioenergy

Sustainable : maximising €s, minimising environmental
Impact, socially acceptable, ...

Processing. integrated mechanical, (thermo)chemical,
biological, ... conversion

Biomass: land/marine crops, primary/secondary residues
Spectrum : more than one
Marketable : current/future markets (volumes, prices)

Bio-based Products: human food, animal feed,
chemicals, materials

Bioenergy: fuels, power, heat, CHP
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Task 42 Biorefineries

2. Biorefining — Definition

In general Product-driven and Energy-driven
Biorefineries can be distinguished

Product-driven Biorefineries

Main goal is the production of one/more Bio-based
Products (food, feed, chemicals, materials)

Process residues are used to produce Bioenergy for
Internal/external use to maximise the economic
profitability of the overall biomass value chain

Energy-driven Biorefineries

Main goal is the production of one/more Energy
Carriers (fuels, power and/or heat)

Process residues are valorised to BBPs to maximise
the economic profitability of the overall biomass
value chain




ARl 3 BR — Current Status & Dev
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“Bilorefining " is not _new !!!

Specifically in the Food Industry
“biorefining " Is already applied for ages

however

Sustainable processing of biomass
In both BBPs and BE
(= Biorefining DEF)
IS new !
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BR — Current Status & Dev

wns

Oil Refinery vs Biorefinery
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Fuels
and
Energy
- Bioethanol,

- Biodiesel, Biogas
- Hydrogen

Petroleum Biomass

Material Utilisation,

Chemistry

- Basic and Fine
chemicals,

- Biopolymers and Bioplastics

Biorefinery

Chemistry

Refinery

Source: Kamm, 2009

A 4

Agriculture, Forestry

Raw Material

Special Substances:
Pigments,

Dyes,

Aromatic Essences,
Flavours,

Enzymes,
Hormones,

and other

Biorefinery
Primary Refinery Industry
— iani Product lines
Conversion of || Lignin
Raw Material _
|| Carbohydrates | Product lines
— Complex || .
Substances - Fats Product lines
«— _Inorganic | : Product lines
Substances. — Proteins ol
— Energy | Special Product lines
—| Substances

Source: Kamm, B. & Kamm, M.; Principles of Biorefineries.
Appl. Microbiol, Biotechnol., (AMB), 64 (2004) 137-145
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Biorefinery, NREL (US)
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Products/Uses

Industrial
Corrosion inhibitors, dust control,

W boiler waler treatment, gas

punficaton, envssion abatement,
speciaity lubricanis, hoses, seals

Transportation

Fuels, oxygenates, ant-freeze, wiper
flukds molded plastics, car seats_ belts
hoses, bumpers, corrosion inhibitors

Textiles

A Carpets, Fibers, fabrics, fabric
| coatings, foam cushions, upholstery,

drapes, lycra, spandex

Safe Food Supply

Food packaging, presenvatives,
fertilizers, pesticides, beverage
botties, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, floccutants,
chelators, cleaners and detergents

Communication
Maolded plastics, computer casings,

| optical fiber coatings, liquid crystal

dispiays, pans, pencils, inks, dyes,
paper products

Housing

4 Paints, resins, siding, msulation,

cements, coatings, vamishes, flame
retardents, adhesives, carpeling

Recreation

Foatgear, protectve equipment,
camera and film, bicycle parts & tires,
wet suits, tapes-CD's-DVD's, goif
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products,
disinfectants, aspinn




IEA Bioenergy 3. BR - CS&D / BR Types

FOOD & BIODBEASED RESEARCGH
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Oleochemical
Biorefineries Biochemical
Biorefineries

Green
Biorefineries

Whole Crop Sugar
Biorefineries Platform
Types of
Lignocellulosic : yp : Lignin
Feedstock biorefineries Platform
Biorefineries found in
Forest-based literature Biodiesel
Biorefinery Platform
Marine Syngas
Biorefineries Platform
Two Thermochemical
Platform

Biorefinery Biorefineries
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3. BR — CS&D / Simplified BR Schemes

Food Agricultural Lignocellulosic Green crops Microalgae / Oil crops
crops crops/ biomass (wet) seaweeds (animal fats)
residues (straw, wood) -
BBP/BE
- Residues _ BBP/BE
Proteins Fibres
A\ 4 >
BBP/BE
‘ ' V7 i ‘ y y
Human Animal Chemials Fibre Biofuels Power Heat
Food Feed based
v Materials

Polymers
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3. Example / Green BR
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Biorefinery
Demonstration Plant
Germany

4. Biorefinery-System

Press juice : Proteins,
Biochemical, -
™= biotechnological,physical i soluble Suiars
Green Biomass Feed, fuels,
Press chemicals, materials
_-— Er;esi—cakel i .
ydrothermical, - Cellulose
enzymatical, X '
Thermo-chemical ! lignocellulose
—}i Residues i—}i Biogas combined heat and i
1 1
L ] 1 ]

power generation

[ Kamm, B.; Gruber, P.R.; Kamm, M.; Biorefineries, Industrial Processes and Products, Wiley-VCH, 2006

Biorefinery-Systems

Green

Biorefinery
Demonsiration Plant
Germany.

reen
Biorefinery
Demonstration Plant
Germany

| Grass, alfalfa, foliage, et al.

Green Crop-

Green pellets

Drying Plant

A

More detailed info

Heat, electricity

Energy

Straw, wood,
biogas

presentation Edwin Keijsers

—>

Combined heat and
power unit (CHP)

Biogas

Fibres,
cellulose

=

Crops: straw,
seeds, potatoes,
juice, molasses

Pretreatment

v

Insulator

Wet Fractionation

Cellulose raw
material

1 -
| Press juice
1

Raw material for
chemical industry

Separation

Proteins

Enzymes

Carbohydrates

Flavourings

Dyes

Fermentation

Lactic acid, lactates,
ester

Amino acids

Proteins (SCP)

Enzymes

Organic acids

Ethanol
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3. Example / Whole Crop BR

Grain Starch line,
‘biotechn./chemical’ UGN )
‘physical/chemical R el

Flour (Meal) Fuels,
‘physical/chemical Chemicals,
: Polymers and
Materials
Cogeneration
(CHP)
((__‘/,\ Heat and Power
Straw Lignocellulosic

‘biotechn./chemical’

Source: Kamm, Gruber & Kamm, 2006

Raw material

Use of raw materials such as cereals
or maize

Beets, wheat, potatoes, maize, .

'ml‘l“ﬂ”r”'

Source: Beethanol, NL
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3. Example / LCF BR
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Gasification Application Overview

CHOREN technology is the core for a broad universe

@CHOREN

of utilizations

- { @ cHoreN + Industry Partners }

Feedstock
Prep and
Handling

Residuals

&) cHoREN

Entrained Flow
Gasification

Carbo-V® and
. h l

Utility Integration

Gas
Cleanup

~\

Product
Conversion
Technologies

FT-Products (e.g. BtL)
Methanol
Ethylene
Propylene

Acetic Acid

HZ
DME
Ammonia

Ethanol

Urea

SNG

Power / Steam

Thermochemical BR — Syngas Platform

@CHOREN

Beta plant in Freiberg (Saxony/Germany)

World first commercial BtL facility

Main RTD issues in general

Feeding of biomass
Gasification behaviour

Gas clean-up
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Forest-based BR

VALUE-ADDED CHEMICA

Inter- b  Sa e
mediates: _ | . ulping liquor
Fatty acids Carbohydrates ':F;ﬁg:ﬁ ik

» Water based-- .~ » Hydrogels » Liquidjfuels
*" "8 Chelatars » Polymers
¢ Emulsifiers.. -
.0 - Feamggredﬁgﬁ
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Biochemical BR — Sugar / Lignin Platform

Sugar
Cellulose Raw material
‘biotech./chemical’

Hemicellulose
‘biotech./chemical’

Cogeneration

(CHP)
Heat and Power

Source: Kamm, Gruber & Kamm, 2006

BCyL cellulose ethanol demo
plant AB, Salamanca, 5 Million L
EtOH/yr from 25,000 ton straw.
Operational since Oct. 2009 . More detailed info presentation Hans Reith
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Current chemical industry _ mainly based on:

Raw oil -> fuels (95%) + Naphta (5%) ->

ethylene, propylene, butadiene, aromatics ->

chemical conversion (+ O,N) -> functionalised product S

Biomass is already functionalised (O, N) ->
chemical conversions generally defunctionalisation

More detailed

info Exception olls/fats _ (contain less oxygen) ->
presentation already applied for chemicals for years (oleochemistry )
Dobbelaere
: Food: 78%
Consumption ceod: 4
oils/fats eet- 470
(2009) Fuels: 10%

Chemicals: 8%

Main RTD issues:

press cake valorisation, | e
valorisation glycerol, e e
application new crops (jatropha, algae)




IEA Bioenel‘gy 3. Example / Integration into conventional oil refi neries

FODOD & BIDEASED RESEARCGCH

—

THE LINDE GROUP

Vision ,Biorefinery Leuna“—
Integration of Bioethylene in the value chain

C H
atalysts ‘H_z Steam- | He L opE
— H,S
2 reformer
NaHS —— Y " Caprolactam, 1
Methanol ] l 2 Polyamide 6, :
MMA <+ Refinery Hydrogen- Fiber : PE-Wax
Ethanol > peroxide production )
Butanol S '
Glues |_ 8 R ) EVA-
Formaldehyde| +— etc. —» > || Copolymere,
Propylen ' Additives
. o)
DMF «  Amines rw—1C0O | N, A'¢ 2 :
—_— Methanol ) Irt' PA- '
. - separation |
Lubricants o 0, B | |_Compounds | |
I Bio-oils |Methanol |C02 plant !
-surfactants) H, PA6/PAG.6 |
— Surfactants |«———— < . ) !
1 Glycerin Bioethylene !
—>  Resins €mmmm e o Bi - Co,
: - ,Bio- <
] Epichlorohydrin _ S >
Fine Refinery* EBS Power-
Chemicals |¢———— Aromatics lant Ml
Complex A » New Investors P
Plastic- Chemicals nzymes
dispersions [— Ptmte'"es Y
[ etc. —> !
]
Sugar, Starch, Cellulose, Hemicellulose, Lignin, Al  gae, etc.
INFRASTRUCTURE
Source: InfraLeuna
Linde-KCA-Dresden GmbH 8 August 2009/ Uwe Welteroth

More detailed info presentations Gabriella Fogassy and Ruben M. Gutierrez
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Microalgae

Sustainable Algae-based Processes

Input Production DSP Output
Solar Energy T « Carbohydrates
i Il * Proteins
Operating PowerH « Lipids, PUFAs
NNLIJDtn:AmsK L Il - Pigments
b 1 gl
= * Silicates
- i i =  Micronutrients
(Fe, Zn, Mg)
Y
1
. electr. Energy
] thermal Energy
Recyciing
More detailed info -—
presentation % FraunhOfer
Maria Barbosa 1GB

schmid-staiger@igb.fraunhofer.de




IEA Bioenergy 3. Example / Marine BR
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Macroalgae / Seaweeds

East Asia seaweeds used as vegetables for ages

Now annually 7- 8 Mt are harvested for both food
and chemicals

Special composition + potential cultivation at
large-scale with high yields ->
potential feedstocks for chemicals (plastics,
resins), fuels (ethanol, ABE, H ,) and energy
(CHP)

Major RTD Issues:

Selection of right high-productive site-specific
o weeds; cultivation/harvesting concepts, refinery
More detailed info and downstream processing, sustainability

presentation
Maria Barbosa aspects
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4. Market Implementation Scenario BRs

Short-term: Upgrading of existing industrial infrastructures

to high-efficient biorefinery facilities by i) usin g process (chain)
residues and/or ii) making process maodifications fo r the
production of added-value bio-based products and/or bioenergy.

Examples : conventional ethanol + ddgs valorisation, biodies el +
cake and/or glycerol valorisation, upstream integra tion of
biomass pyrolysis/gasification units within convent lonal oil
refineries

More detailed info presentation Hamid Mozaffariane tal.

Long-term: Development of fully new sustainable biorefinery

facilities for the high-efficient co-production of human food,
animal feed, chemicals, materials, fuels, power and  /or heat.

Examples : Green BRs, Whole Crop BRs, Lignocellulosic
Feedstock BRs, Marine BRs, ...




IEA Bioenergy 5. Points for Discussion
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For a transition to a Biobased Economy biomass use should be
economically profitable, environmentally friendly and socially
acceptable
Sustainable Biorefining is the only right

approach?

Biomass is composed of a portfolio of unique functionalised
structures — (mild) fractionation and separation to extract these
components is inevitable to maximise the full economic value of

biomass conversion chains
Product-driven BR is the way to go?
(quality of use must be taken into account (food > feed >
chemicals/materials > fuels > power > heat)

If the answer is yes
New international policy goals on the guality of
biomass use are required?




Thank you for your attention

b FOOD & BIDBASED RESEARCH
[EA Biloenergy [ s
Task 42 Biorefineries © Wageningen UR

Further information

René van Ree (rene.vanree@wur.nl)
www.fbr.wur.nl

www.lEA -Bioenergy.Task42-
Biorefineries.com

International Conference on Polygeneration Strategies (ICPS)
Leipzig, Germany, 7 - 9 September 2010




