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Closing the loop:
No waste & CO: - neutral.
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Drivers:

e Kyoto

e Security of supply

 Agricultural
policies

« Sustainability

 ECconomics

\



World Biomass demand in 2050

BioAWalue

Food / Feed 10 billion ton biomass for 3 billion ton food
Energy 10 billion ton equivalent to 160 EJ
Chemical industry 1 billion ton for 0.3 billion top product
Specialties 1 million ton

Wood and composites| 2 to 3 billion ton

Current production 170 billion ton biomass of which 6 billion ton is used:
1,8 grains
2,2 other food (sugar, vegetables, starch, etc.)
2 wood
0,01 other non-food

\
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The New Biomass value chain:
a new € - game

1st

Agro logistics

Food

pretreatment

Food
conversion

Food production

~

Biomass sources

Agro-food
production

By products

& waste

Logistics&storage

New Pre-treatment

& conversion

ioconversion

ooooooooooo

process
engineerini g

New production
Performance materials

Base&platform chemicals
Performance chemicals
Bio Energy

NL production
Imports
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Existing
conversion

Existing production

efl

Food

etl

Biobased
Products

* Biobased
materials

* Bio-based
chemicals

* Bio-fuels

* Bio-energy

efl

Existing

non- food:

* Feed

» Additives

» Compost

* Fibres

* \Waste
management
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Biorefinery Definitions

VAU
: N
BioAalue

* NREL: A biorefinery is a facility that integrates biomass conversion
processes and equipment to produce fuels, power, and value-added
chemicals from biomass. The biorefinery concept is analogous to today's
petroleum refinery, which produce multiple fuels and products from
petroleum

* IOWA State University: A cluster of biobased industries producing
chemicals, fuels, power, products, and materials

* US-DOE: A biorefinery is an overall concept of a processing plant where
biomass feedstocks are converted and extracted into a spectrum of
valuable products

* NL: The separation of biomass into distinct components which can be
individually brought to the market either directly after separation or after
further (biological, thermochemical/chemical) treatment(s)

* (Shell: Addition of Pure Plant Qil into traditional oil refineries)

\
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] Comparison of the basic-principles of the

L'
N )/

N

WYy petroleum refinery and the biorefinery

Fuels Fuels
and and
Energy Energy
- Bioethanol,
- Biodiesel, Biogas
- Hydrogen
Petroleum Biomass

Material Utilisation,

Chemistry Chemistry
- Basic and Fine
chemicals,
- Biopolymers and Bioplastbcs
Refinery Biorefinery
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Schematic overview of a general
v Biorefinery concept

: Primary product 1 ‘E::
: Primary product 2 “"i:,'-;—.-

Secondary biorefinery
: Intermediate 3

Primary biorefinary
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84 Which Products ?

a2k
BioAWalue

* Chemicals
* Fuels
* Power & heat

- all Biorefineries should become heat and if possible power
independent

* Materials (Fibres, Starch, Wood)
* Food and Feed

- these two can be important (economic) products but are
both outside the Biorefinery definition

* Ashes, CO,, H.O, ....

\
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Biomass
Feedstocks

Starch

Intermediate

Platforms

Biobased
Syn Gas

oilf"
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Glucose
Fructose
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Intermediates

Fuel caygenates
Reagents-buiiding unit
Antdreeze and deicers
Solvents

Green solvenn

Specially chemical infermediate

Emubifiers

Chalating agents
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Palyvinyl acetaie

pH control ageeis
Resins, erosslinkers
Folyvinyl alcohol
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Polyacrylamides
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Products/Uses

Industrial

Corrosion inhibitors, dust control,
boiler water treatment, gas
purification, emission abatement,
specialty lubricants, hoses, seals

Transportation
Fuels, oxygenates, anti-freeze, wiper

/| fluids molded plastics, car seats, belts

hoses, bumpers, corrosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, vamishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protective equipment,
camera and film, bicycle parts & tires,
wet suits, tapes-CD's-DVD's, golf
equipment, camping gear, boats

Health and Hygiene

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

disinfectants, aspirin

Figure 3 = Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks




Biorefinery Systems

VAU
: N
BioAalue

* “Lignocellulosic Feedstock Biorefinery” - uses “nature-dry”
raw material

* “Whole Crop Biorefinery” - uses raw material such as
cereals or maize

* “Green Biorefineries” - uses “nature-wet” biomasses such
as green grass, alfalfa, clover, or immature cereal

* “Two Platforms Concept Borefinery ” includes the sugar
platform and the syngas platform

Source: Kamm et al.,
WAGENINGEN [NEH Wiley-VCH, 2006
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P Lignocellulosic Feedstock Biorefinery

R'RL
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Sugar

Cellulose Raw material

‘biotech./chemical’

o

Residues
_ | Hemicelluloses | Fuels,
Lignocelluloses (Polyoses) hemical
Lignocellulosic ‘biotech./chemical’ Chemicals,
Feedstock (LCF) w Polymer_s and
Materials
: Cogeneration
Residues >< Heat and Power,
r/ Extractives
Lignin Lignin
‘chemical’ Raw material

Source: Kamm et al.,
WAGENINGEM Wiley-VCH, 2006
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Layout (1) of a Wood Biorefinery

* Particles
Cellulose — -« Films
/ * Fibres
+ Sponges
o Chips = Pulp mill
\ =P  Pulp = Paper
Bark & :
Spent liquor
forest g ? i
residues
l‘ \i l
[
Extractives Glucose Hemicelluloses Lignin
e Fatty acids o Ethanol e Fibre additives e Phenols
 Pharmaceuticals o Barriers e Carbon fibre
e Antioxidants o Hydrogels » Porous carbon
* Bioactive chemicals e Food additive e Binders

+ Solid fuel from lignin, bark and forest residues



sS4 \Whole Crop Biorefinery Concept
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Grain Starch line,

‘biotechn./chemical’ Sugar
‘physical/chemical’ Raw material

5L ¥

Whole Crop Flour (Meal) Fuels,
Cereals ‘physical/chemical’ /| Chemicals,

_ Polymers and
- Dry Mill - Residues {} |\)//|aterials

Cogeneration

Heat and Power,
W Extractives

Straw Lignocellulosic
‘biotechn./chemical’ Raw material

Source: Kamm et al.,
WAGENINGEM Wiley-VCH, 2006
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The process of making
ethanol starts here

. Jut Cooker

Whiaks Coim Hammar Mill - Slurry Tank Liguefaction

LR )

5% Gasoline l

Formentation

200 Prood Molecilar Sieves
Ethanal

Beer

190 Proof ,J
e Ethanal *
-_
Destillation
Bystem

Wat Grain

0

Evaporator

Whabs

*stillage™
e

Coandeniale

Thin
Stillage

Dry—milling => Whole crop
=> Thermochemical

AWAE‘-ENINEEN

Abengoa Bioenergy

Gasification

Pyrolysis

Gasification

e~

Synthesis

—

* FT Dlesel, Gasoline
* Methanol, Dimethylether
* Ethanol, Higher Alcohols




(4 Green Biorefinery Concept
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Press Juice Proteins,
‘biochemical’ Soluble Sugars
‘biotechnol./physical’

Residues
Green c Eloges Feed, Fuels,
ogeneration .
Biomass Heat and Power PCIhemlcaIS’d
CHP), olymers an
techn. Press ( |
Hydrogen Materials
Residues
Press Cake
‘hydrothermal’
‘enzymatic’ _Cellulose
¢ ; , Lignocellulose
thermal chemical

Source: Kamm et al.,
WAGENINGEM Wiley-VCH, 2006
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(4 Composition of Grass
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Fresh grass

water
80-90 %

oy
Slbstance

10-2055

WAGEMINGE M [NEH

Wamlbagers, 2004

Fibers 30 %

Oligo-
saccharides 3%

Lipids 3 %

Organic
acids 5%

Protein /

N / Amino acids
saccharides * /o0

9 %

Mono/di-

Minerals 10 %

Polysaccharides 15 %

\



Pilot biorefinery line Foxhol
(Prograss consortium)

Grass protein (products)
f _:"\_'%Qite grass protein

Green grass protein

Potting Construction Polymer
soil material extrusion
+ paper products

g



Biorefinery two platforms

dvvadd concept
Sugar Platform SUIEEL
(SP) Raw material
‘biochemical’
L_[\ Residues
Cogeneration Fuels,
" Heat and Power Chemicals,
jomass (CHP), Polymers and
Extractives :
Materials
Clean Gas
Syngas Platform
(SGP) conditioning
‘gasification’ Gas
‘thermal chemical’

Source: Kamm et al.,
WAGENINGEM Wiley-VCH, 2006
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Biorefineries

Current research activities
(with emphasis on Dutch involvement)



Biorefinery development
strategy for the Netherlands

BioAalue

* Identification and analysis international SOTA (a.o. IPs, IEA)

* |dentification an analysis interests major stakeholders
(industry, agro-sector, NGOs, government, R&D-institues,
universities, ...)

* |dentification and analysis national strengths (technological
and agricultural knowledge-base, existing infrastructure,
harbours, ...)

* Development of a common national Biorefinery Vision
* Development and implementation of a national Strategic
Research and Agenda and Implementation Strategy

This Strategy should be worked out by a joint effort of all
stakeholders facilitated by the Dutch Network on Biorefineries

(biorefinery.nl)

\
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Programmatic biorefinery-based co-operation

Upstream and Downstream and

(bio)chemical ;\W\ ) (thermo)chemical [°
expertise R 02\-5111]3 e expertise
www.bio2value.nl
Dutch Knowledge |EA Bioenergy National and
Network on Task 42 EU-funded
Biorefinery Biorefineries projects
B 1o FENRNETERNR EU IP BIOSYNERGY
www.biorefinery.nl EU SSP BIOPOL

z
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S 4 Bio2Value

BioAValue

Biomass Logistics, storage, Chain-
sources pretreatment aspects

Thermo-chemical o
Torrefaction, conversion: co-firing,  Elektricitity, heat,
pyrolysis torrefaction, pyrolysis, SNG, FT-diesel

gasification chemicals

Biomas import

e el (Bio)chemical Materials,
conversion: chemicals,

prereaiment, ¢ e ntation, bioethanol,
storage aspects oo biodiesel,

biol.-H,, ...

Multifunctional land
use, biomass
growth,
agro-residues
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A close co-operation of dlfferent stakeholders (industry, universities, institutes,
NGOs, GOs) with a broad variety of disciplines working together in research,
development and demonstration of (innovative) biorefinery concepts for
implementation in the Dutch economy and abroad

* Knowledge import and dissemination
(www.biorefinery.nl, newsletters, national

workshops, ...)

* Definition of a national Biorefinery Vision within an
European and global framework

* Develop a Technology Roadmap, incl. SRA and
Technology Deployment Plan

\
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http://www.biorefinery.nl/

IEA Task 42 Biorefineries

D \ t\-.\_‘_ = /‘
BioAWalue

|IEA Bioenergy

Integrated biorefinery concepts convert a variety of feedstocks,
Including residues, into a portfolio of products with improved
energetic chain efficiency, economy and environmental effects,
compared to stand-alone processes often producing only one or two
products.

The methodology of integrated system approach — optimising the

overall added-value of the portfolio of biomass-derived products,

within an acceptable overall ecological framework — is one of the

major aspects in which this Task distinguishes from the other IEA
Bioenergy Tasks.

\
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vy IEA Task 42 Biorefineries - Tasks

|IEA Bioenergy

0. Task web-site.

1. Common definition and classification system on Biorefineries.
2. Mapping of existing biorefineries in participating countries.
3. Identification of biorefinery (related) RD&D programmes in participating countries.

4. Financial-economic and ecological advantages and disadvantages of biorefinery-based co-
production over single product processes.

5. Fostering multi-disciplinary partnerships of key stakeholders (platform function).

6. Co-production of chemicals and secondary energy carriers, addressing a.o. favourable
functionalised chemicals and platform chemicals (building blocks) to be co-produced, incl. market
compatibility aspects.

7. Co-operation with ongoing international activities, a.o. other IEA Bioenergy Tasks and EU
Technology Platforms.

8. Dissemination of knowledge, including teaching.

\
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il EU IP BIOSYNERGY (1)

BioA/alue

BlOmass for the market competitive and environmentally
friendly SYNthesis of bioproducts — chemicals and/or
materials — together with the production of secondary

enERGY carriers — transportation fuels, power and/or CHP —
through the biorefinery approach

(Bio)chemical and thermo-chemical pathways are combined.
Process development from lab-scale to demonstration at pilot-scale.

Partners: ECN (NL), Greencell (ES), Cepsa (ES), DOW (NL), VTT (FIN),
Aston (UK), WUR-A&F (NL), ARD (F), IFP (F), CRES (GR), BTG (NL), JR
(AT), Bioref (D), GIG (P), JRC (B), Chimar (GR), TUD (NL)

Duration: 2006 — 2010 (four years), Budget: 13 M€ (grant: 7 M€)

\
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EU IP BIOSYNERGY (2)

Bibalue

Base-case

Existing conventional bioethanol production plant of Greencell in
Salamanca (ES): cereals -> 295 Ml/a bioethanol, DDGS, CHP

Advanced cellulosic bioethanol production plant: straw
-> 5 Ml/a cellulosic ethanol

BIOSYNERGY
Maximising the overall plant economics by the co-production of
chemicals with cellulosic ethanol

Lab-scale development and pilot-scale demonstration advanced
physical/chemical fractionation, thermo-chemical conversion, biochemical and
chemical conversion and synthesis technologies. Integral chain ass./optimisation

Conceptual design integrated Biorefinery facility for Greencell

f
g
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S 4 EU IP BIOCOUP

BioAVale

/ activated carbon
» carbon black

meat browning agent

smoke flavors

acids / road deicers
biolime

slow-release fertilizer

wood preservatives

boiler/engine/gasifier fuel
adhesives
hydroxyacetaldehyde
(glycolaldehyde)
levoglucosan

phenols (from lignin)
furfural (from xylose)
levulinic acid (from glucose)

syngas (from bio-oil gasification)

Co-processing of upgraded bio-liquids

in standard refinery units

incorporating fractionation with liquefaction

g

Primary
fractionation
and
liguefaction

Hydrocarbon-rich bio-liquid .

|
|
|

N

w

L

L|gn|n-nch big- gmﬁ De-oxygenation

—

Co-processingin | Conventional fuels

conventional wn ChEMICas

petroleum refinery

Derivatives of hemicelluloses

and celluloses

Process
residues

Energy
production

1:‘ (blending)
1
1

Conversion | i Oxygenated products,

BIOCOUP is an Integrated Project coordinated by VTT (Fi), involving 17 partners from 7
countries. It started on 15t May 2006

AWAE‘-ENINEEN
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EU SSP BIOPOL (1)

BioAWalue

Assessment of BlOrefinery concepts and
the implications for agricultural and
forestry POLIicy

Partners: WUR-A&F (NL), Biopos e.V. (D), Imperial College
(UK), Lund University (S), EC-BREC (PL), ECN (NL),
University Weihenstephan (D), Technical University of
Athens (GR)

Duration: 2007 — 2008 (two years)
Budget: about € 700,000 (grant: about: € 550,000)

\
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BioAalue

EU SSP BIOPOL (2)

WP 1. Assessment of technical status
{leader: Biopos E.v.)

WP 2. Assessment of social and
environmental implications
{leader: UNIWEIH)

WP 4. Review of current

implementation status
(leader: ECN)

WP 3. Assessment of political
aspects
{leader: ULUND)

WP 5. Prospecis for further
demonsiration
(leader: A&F)

L 3

WP 6. Dissemination of resulis
{leader: ICSTM)

WP 7. Management activities

(leader: A&F)

WAGEMINGEMN [NEH
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N4 Thank you for your attention !!!

BioAWalue

www.biorefinery.nl

www.biobasedproducts.nl

www.ecn.nl
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