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Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

1. Status of the technology (current and future)
2. Availablility of renewable resources

3. Funding possibilities (pilot plants and demonstration
projects)

4. Industrial implementation of biorefineries

5. Synopsis -> Future concepts
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Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

2. Availability of renewable resources

3. Funding possibilities (pilot plants and
demonstration projects)

4. Industrial implementation of biorefineries

=
- =

5. Synopsis -> Future concepts ”~
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Status of the technology

Overview of the various routes available for biomass conversion to
fuels, chemicals or heat (The Biomass Energy Foundation,

http
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Status of the technology

= 4 concepts have been defined:

*Green biorefinery

*Cereal biorefinery

*Oilseed biorefinery

*Forest based and lignocellulosic biorefinery

= Within each concept several conversion technologies are
used

N\
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Overview conversion technologies

1. Thermochemical conversion
1.1 Pyrolysis
1.2 Gasification
1.2.1 Biomass gasification
1.2.2 Black Liquor gasification
1.3 Thermochemical Liquefaction
1.4 Combustion
2. (Bio)chemical conversion
2.1 Fermentation
2.2 Catalysis
2.3 Biocatalysis
2.4 Anaerobic Digestion
2.5 Hydrolysis
2.6.1 Concentrated acid hydrolysis
2.6.2 Dilute acid hydrolysis
2.6.3 Enzymatic hydrolysis
2.6.4 Comparison of pretreatment processes
2.6 Esterification/Transesterification
3. Incineration
3.1 Electrical power generation
3.2 Industrial Process Heat and Steam
4. Biomass fractionation
4.1 Size reduction/separation

iy \ |
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Development status of conversion technologies

Fermentation
Dhlute acid hvdrolysis
Combustion
Anaerobic digestion
(Trans)esterification

Gasification

Lignocellulosics conversion
Catalysis
Biocatalvsis

Enzymatic hydrolysis
Darect iquefaction
Tar & tar-removal
Pvrolysis
Syngas applications (H;, methanol, FT)
Bio-oil applications

Supercritical gasification
Biochemucals

YT T N

*Adapted from BTG Biomass Technology Group b.v., www.btgworld.com
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O1l crops Crushing - Refining _ .
% [’{[a%e__ sunflower, Tipid —— L »| Vegetable oil e s e l » Methyl ester (biodiesel)
; etc. .
Proteins, oil cake Chemical/enzymatic modifications . Meochemical
Sugar plants (e.g. Extraction products
be - DDGs
= | sugar beet) o : -
§ I ) . ‘—»| Food ingredients
Starch plants E Extraction Steep higuer,
< (e.g. potato, = protemns, hulls
= Chemical conversion: Starch
2 Esterification, ehferificaion | derivatives
— | Starch plants = : ¥ -
§ {::E;ea]s e]:.lE. | Extraction Starch ' 515 S Sipuena e Ethanol
maize, wheat, r :
rS rice) Protemns, gluten e e - Chemicals

Extraction Flavours, fertiliser,
chemicals

]_Jgnu.ce]lulus%c biomass, Steam
organic material

(wood, straw, etc.) -
— Black hquor Heat

Mixed lugher alcohols, Ha,
methanol, Fizher-Trosch

Lizgnoce lulosic

Ethanol
iguefaction ;
B e | - o S -
Waste (wet) ‘ N a Catalytic hydrodeoxygenation
Z | (organic waste, manure, ) Bvproducts >
S Anaerobic il o Biozas Soil fertilizer,
= digestion : - . — chemicals
»| Acidogenic/methanogenic digestate [—™
- P w2 ) i i B
Not commercial yet ﬁm HLLEEON Y1 UH%,W FueomBh “Ediorol’ el
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General concept of a Biorefinery

remswable
raw matenals

¢

biomass
fractionation

¥

Lizeocallulosic lipad carbohydrate profein
fraction fraction feedsiock fraction
Pyrolysis, catalysis * :
rasification fermentation
s
chemica
CONVErSIon ethanol biomonomers
l 1 1 fine and Dulk food and fe=d|
oleachemicals bicfuels nioplastics chemicals ngredients
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Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

1. Status of the technology (current and future)

3. Funding possibilities (pilot plants and demonstration
projects)

4. Industrial implementation of biorefineries

=

: =

5. Synopsis -> Future concepts ”~
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Resource avallability

= Main feestock groups (cfr. Scheme)

 Ollseed crops

e Sugar plants

 Starch plants

e Lignocellulosic biomass

* Waste (wet)
—=Overview current availability for main feedstock groups
—=Avallability prognoses for 2010 and 2020
—=Impact of European legislation on resource availability

—Resources and sustainability

TN\
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Resource avallability

Supply sector Type Example

Forestry Dedicated forestry Short rotation plantations (e.g. willow, poplar, eucalyptus)
Forestry by-products Wood blocks, wood chips from thinnings

Agriculture Dry lignocellulosic energy Herbaceous crops (e.g. miscanthus, reed canarygrass, giant reed)
crops

Qil, sugar and starch energy Oil seeds for methylesters (e.g. rape seed, sunflower)

crops Sugar crops for ethanol (e.g. sugar cane, sweet sorghum)
Starch crops for ethanol (e.g. maize, wheat)
Dry lignocellulosic Straw, prunings from vineyards and fruit trees
agricultural residues
Livestock waste Wet and dry manure
Industry Industrial residues Industrial waste wood, sawdust from sawmills

Fibrous vegetable waste from paper industries

Industrial products Pellets, bio-oil (pyrolysis oil), ethanol, biodiesel
Waste Dry lignocellulosic Residues from parks and gardens (e.g. prunings, grass)
Contaminated waste Demolition wood

Organic fraction of municipal solid waste

Biodegradable landfilled waste, landfill gas

=

Sewage sludge —

E
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Resource avallability

160000 -

140000 -

120000 -

100000 -

80000 -

O EU-15
B EU-27

1000 ton

60000 -

40000

20000

X X " > &

\tb, ‘QQ’ \(\Q:b' Q:\Q’ {b\'\eﬁ O:o\,% @'\/ Q $Q1
& Q . 06\ K

& ol e

Production volumes of agricultural crops in the EU-15 and EU-27.
Compulsory set-aside 10%.
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Resource avallability

2010 Increase 2020 Increase
or decrease of or decrease of

available available
Sector Resource Fuel category biomass energy biomass energy Comment
potential potential
compared to  compared to
2000 (%) 2000 (%)
Dry crop residues Dry lignocellulosic 10% 20% +1% a year
Agriculture  Livestock waste Wet and dry cellulosic 5% 10% +0,5% a year
Energy crops Set aside or idle agricultural 10% 20% +1% a year
Forestry Woodfuel Dry lignocellulosic 10% 20% +1% a year
Forestry Dry lignocellulosic 10% 20% +1% a year
Dry lignocellulosic 10% 20% +1% a year
Industry  Industrial residues Wet cellulosic 20% 40% +2% a year
Black liquor 10% 20% +1% a year
Municipal waste 10% 20% +1% a year
Waste Regulated weste Demolition wood 10% 20% +1% a year
Non-regulated Landfilled waste -30% -60% -3% a year
waste Sewage sludge 20% 40% +2% a year

Future trends in biomass availability in Europe (Nikolaou, 2003).
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Resource avallability

Mtoe

Biomass
consumption,
2003

Potential,
2010

Potential, 2020

Potential, 2030

Wood direct from
forest (increment
and residues)

Organic wastes,
wood industry
residues,
agricultural and
food processing
residues, manure

6743

43

39-45

39-72

100

100

102

Energy crops
from agriculture

43-46

76-94

102-142

TOTAL

69

186-189

215-239

243-316

EU biomass production potential (EEA, 2006).

www.biorefinery.euroview.eu
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Resource avallability

—Tradeability of different biomass sources:

.E‘ Trade opticns
-
3 | i
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Resource avallability

Conclusions:
scenarios on resource availability will highly depend on

»European legislation and incentives;
new targets for 2020:
20% less energy consumption by better efficiency
20% less CO2 emissions as compared to 1990
20% renewables in the energy supply of the EU as binding target
10% biofuels for transportation as binding target.

»the kind of products produced (bio-energy or biomaterials);

»the status of the technology, with first generation
technologies mainly based on agricultural crops and second

generation technologies based on lignocellulosic biomass E
and waste. .
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Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

1. Status of the technology (current and future)

2. Availablility of renewable resources

4. Industrial implementation of biorefineries

5. Synopsis -> Future concepts
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Funding (Pilot & Demonstration)

PHASE

Commercial production

T

Pre-commercial
demonstration

Lab-scale R&D

1n)

* Aim: complete commercial (integrated) production process, but on a smaller
scale.

* Equipment: dedicated plants using equipment identical to the real factory.
Multi-process and/or multi-company.

* Financing structure: private (but often with public financial support)

* Aim: scaling up a specific process
* Equipment: multipurpose equipment that mimic industrial equipment. Mainly

public (equipment can be “"donated” by local companies). Multi-process
facilities that can be rented.

* Financing structure: owned by universities and R&D nrganizatinns

* Aim: testing an idea, concept or hypothesis

* Equipment: test tubes, flasks & bench-top reactors

Idea, concept or hypothesis

B A _
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Funding (Pilot & Demonstration)

PHASE

Commercial production

18}

Pre-commercial
demonstration

1)

Piloting

10}

Lab-scale R&D

T

* Qutput: Data for factory planning and final investment decision
* Timeline: Months to years; dedicated plants have to be built
* Total costs: > 10.000 k€/project

* Qutput: Functionality with industrially applicable equipment, 1% proof-of-
concept, scaling up, 1* economic feasibility

* Timeline: weeks to months; multi-process facilities that can be rented.
* Total costs: 10 — 100 k€/project

* Qutput: 1¥ mass and energy balances, data enough for patenting
* Timeline: months to years; multi-process facilities that can be rented.
* Total costs: 50 — 1.000 k€

Idea, concept or hypothesis
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Funding (Pilot & Demonstration)

Privat Public funding
(partial)
Production
plants
4 EIE
Demonstration .
plants « Nat
g e
e Pilot plants 3 e
-
Iy
Industrial/applied research Fz?
MS
_ (ERA-Net)
Basic research
Public

iy \ |
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Funding (Pilot & Demonstration)

Funding possiblilities:

1.1 Private funding

1.2 Government funding EU
1.2.1 The European Investment Bank (EIB)
1.2.2 The Risk Sharing Finance Facility (RSFF)
1.2.3 The European Strategy Forum on Research
Infrastructures (ESFRI)
1.2.4 The European Regional Development Fund (ERDF)
1.2.5 The 7th Framework Programme (FP7)

1.3 Industrial participation EU

1.4 Government funding US

1.5 Funding by EU member states
1.5.1 The Netherlands
1.5.2 Finland

iy \ |
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Funding (Pilot & Demonstration)

Possible scenarios to mobilise additional financial resources
for pilot plants and demonstration projects should include the
following steps:

» a mapping of different pilot/demonstration plants already existing
In the EU, including a description of available infrastructure;

» an inventory of future (technological) needs & gaps;

» better coordination, improving the access (sharing) and use of
pilot plants;

» access to funding for pilot and demonstration plants should be
coordinated and facilitated at EU level,

» put financing of pilot or demonstration plants for biorefineries on
the next ESFRI roadmap, containing the needs for infrastructures OE
pan-European interest for thgnext 10 to 20 years. ‘

11111 = ¥ . EuRoPOL
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Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

1. Status of the technology (current and future)

2. Avalilability of renewable resources

3. Funding possibilities (pilot plants and demonstration
projects)

=
- =

5. Synopsis -> Future concepts ”~
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Industrial implementation

Possible scenarios:

e Conversion of existing biorefineries into integrated
piorefineries

 Local integrated/decentralised biorefineries
 Industrial clusters

 Public-Private Partnership

Joint Venture

Co-location

www.biorefinery.euroview.eu



Scenarios for biorefinery development

Propose a number of different strategies for the
development of biorefineries in Europe, based on:

1. Status of the technology (current and future)
2. Availability of renewable resources

3. Funding possibilities (pilot plants and demonstration
projects)

4. Industrial implementation of biorefineries

www.biorefinery.euroview.eu



Current oilseed biorefinery

> Protein Feed
p—— Crushing fraction
lIseeds ] Refining | Vegetable oil |Transesterification Methyl ester _| Transportation
soybean, palm oil)
| Glycerol
v
Lignocellulosic Hydrogenation | Hydrocarbon
fraction liquid (biodiesel)
l Chem_ical_/enzymatic ,| Oleochemical products:
modifications Fatty acids, alcohols, fatty esters,
Heat & ketones, dimer acids, glycerin, ...
Electricity Deodorizing .| Food ingredients:
& refining Edible olils, lecithin, vit. E, ...
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Future OIll & Fat biorefinery

» Protein » Feed
(Or;;zegznflower Crushing
' " Refining Vegetable oil Transesterification Fermentation . }
bean, pal [ — L » Glycerol . » (Bio)chemical
soybean, paim OI) L|p|d extraction y Chemical conversid n,(: )
Dedicated oil crops Methyl ester T ati
Jatropha, algae, ... S » ' Fansportatio
(Jatropha, algae, ...) —> (biodiesel) n fuel
H A
Lignocellulosic Hydrogenation | yyqgrocarbon
fraction liquid (biodiesel)
Gasiffcation Chz(?ica[/ enzymatic | ojeochemical products:
v Catalysis modifications Fatty acids, alcohols, fatty esters,
Syngas : ketones, dimer acids, glycerin,...
CHlP l Fermentation BiosurfactantS,
Dicarboxylic acids, ...
Heat & Transportation Deodorizing & refinin . .
Electricity fuel P 9 9, Food ingredients:
Chemicals Edible oils, lecithin, vit. E, ...

iy \ |
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Future ‘Waste’ biorefinery

Waste oil (used
frying oils UFO,

animal fats, grease

and offals)

Refining

.| Crude oil

\4

Lipid extraction |

Transesterification |

waste

Gasiflcation

Syngas

Catalysis

cnip

\4

Methyl ester

(biodiesel)

—»

Glycerol

Hydrogenation

»| Hydrocarbon

liquid (biodiesel)

| Transportation
| fuel

Chemical/enzymatic _

modifications g

Oleochemical products:
Fatty acids, alcohols, fatty esters,
ketones, dimer acids, glycerin,...

Heat & Electricity

Chemicals

Transportation fuel

ﬁ‘, AR , @ :
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Current cereal biorefinery

Cereal grains
(e.g. maize,
wheat, rice
etc.)

Oil fraction Qil refining

A\ 4

Vegetable oils

Hydrolysis

\4

Wheat gluten

Hydrolysates

A

Bakery ingredients

Protein fraction

Extraction

\ 4

Transportation
fuel

) x » Feed
(corn steep liquor, corn gluten,...)
DDGS
Hydrolysis Fermentation T
Starch » Sugars i . >
9 Biocatalysis Ethanol
Fermentation
» products (citric
acid, xanthane)
Chemical Polyols, isosorbide
conversion
Hydrogenation » Food ingredients
Chemical conversion: R N
Esterification, etherification *|_Starch derivatives
Native starch

;P s i
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Future cereal biorefinery

» Oil fraction Ol refining Vegetable oils
Hydrolysis
Wheat gluten ydroly » Hydrolysates
A
» Bakery ingredients
Protein fraction > Feed
(corn steep liquor, corn gluten,...) T
DDGS
Grains Extraction [ stareh Hydrolysis - Sugars _|Fermentation J Eranol Transportatio
> 9 Biocatalysis | ano n fuel
Fermentation
» products (citric
_ acid, xanthane)
Cereals Chemical - _
(e.0. maize conversion Polyols, isosorbide
wheat, rice etc.) - Hydrogenation | £ ingredients
Whole plant Chemical conversion: | —
Esterification, etherification|_Starch derivatives
Native starch
Lignocellulosic biomass Chemical / enzymatic

(straw, husks, bran etc.) | Hydrolysis > Sugars: pentoses/hexoses

.

Lignin residues —¥

L
\4

Heat & Electricity

Gasification

Fischer Tropsch Synthesis

Syngas | Transportation

e i ROPGL
fuel, chemicals wBh  acro

www.biorefinery.euroview.eu
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Current green biorefinery

Protein fraction Food/Feed
A

\ 4

Native starch

Chemical conversion:
Esterification, etherification

A\ 4

Starch derivatives

DDGS > Feed
Starch plants g, action Hydrolysis Fermentatior] Transportatio
(e.g. potato »| Starch » Sugars . : »| Ethanol > P
_ ’ Biocatalysis n fuel
tapioca, etc.) 4

Fermentation products

Sugar plants Extraction (citric acid, xanthane)
(sugar beet,

sugar cane)

Chemical conversion
Hydrogenation

» Polyols, isosorbide

A\ 4

Food ingredients

< Fibres > Feed
Soluble/insoluble -
> Paper
' High added

value products

iy \ |
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Future green biorefinery

Protein fraction » Food/Feed
_ _ " Native starch
Chemical conversion: N —
Esterification, etherification Starch derivatives
DDGS > Feed
Starch plants Extraction Hydrolysis . _
(e.g. potato »| Starch »| Sugars |_Fermentation .| Ethanol Transportation
; ’ Biocatalysis fuel
tapioca, etc.) A .
Fermentation
Sugar plants | EXtraction x| products
(Sugar beet, (citric acid, .
sugar cane) Chemical conversiop | e
Hydrogenation Polyols, isosorbide
3] High added value »| Food ingredients
Green products
biomass Fermentation/separation
(grass, clover,
> ; Feed
alfalfa) Fibres *
Soluble/insoluble 4 Paper
> Bio- i : CHP -
Blo_ organic Anaerobic »| Biogas Heat & Electricity
—» residues digestion
» Fertilizer
Gas distribution network

iy \ |
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Current Forest-based Biorefinery

Wood & Pulp Sillzllimg:allmechanlc

Cellulose Paper

v

Black liquor burning
Sulphite waste liquor

l

Lignosulfates

Heat & Electricity

Pulping chemicals |——

A
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Future Forest-based Biorefinery

Wood & Pulp Chernical/mechanicai >
pulping

Cellulose Paper

Heat & Black liquor Chemicals, pharmaceuticals
Electricity < Sulphite waste liquor Ethanol, chemicals

Pulping

chemicals
Transportation fuel, chemicals

Z
=
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Current Waste Biorefinery
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Future Waste Biorefinery
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Overall conclusions

Concept depends on EU agricultural policy

Stimulate conversion of existing agroindustries
Into (integrated) biorefineries

Stimulate R&D for 2"d generation conversion
technologies

Facilitate funding of pilot and demonstration plants
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