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This Is Biomass for Biorefineries gie))
In the BioEconomy IEA Bioenerey




There is Competition for g )
Different Biomass Uses

Bioenergy

(heat, electricity, transportation fuels)

Food Feed

(e.g. vegetables, meat)

Biomaterials

(e.g. paper, construction material, chemicals, cotton, rubber, fertilizer)



A Statement [EA Bioenergy




The New Way In BioEconomy: )
From Competition to Integration EESEEECS,

Integration

Competition

Bioenergy

(heat, electricity, transportation fuels)

Food Feed

(e.g. vegetables, meat)

Biomaterials

(e.g. paper, construction material, chemicals, cotton, rubber, fertilizer)



This Is a Biorefinery

* [iquid/gaseous
transport biofuels

Biomass SIGINEIE )P = clectricity
Resources = heat

- oil = solid fuels

- starch

- sugar » pbulk chemicals

= fine chemicals
Bioproducts = animal feed

- lignocellulose

Biorefinery = food
» pulp&paper
= materials
Based on different conversion = fertilizer
processes gases

- Bio-chemical

- Thermo-chemical
- Physical-chemical
- Others

“Biorefinery is the
sustainable processing of
biomass into a spectrum of
marketable products”
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The 4 Features to Characterise gie))
A Biorefinery Systems IEA Bioenergy

Task 42 Biorefining

1. Platforms 2. Products

Biorefinery

3. Feedstocks 4. Processes

——————————
Naming:
» Number platforms (Name of platforms)/Feedstock/Products/Processes

> e.g. 2-platform (electricity&heat, syngas) biorefinery/wood chips/FT-biofuels,
electricity, heat, waxes/steam gasification



Application of i)
Classification System

Generic System Example

Feedstock Oilseed crops

rBiareﬁnery plant

Biorefinery plant |

Mechanical
process

l

Chemical
process

Pressing ‘
1

Esterification

J_I

Distillation I

Platform

Biochemical
process

| |
| |
| |
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Classification System i)
IS Now in Use .... [EA Bioeneray
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Report on )
“Biofuel-driven Biorefineries"

.....Based on this first selection of most
promising biorefinery concepts to
produce large volumes of road

transportation biofuels by 2025 the Task
42 is assessing the sustainability of these biorefinery
concepts by analyzing economic, environmental and
social aspects in comparison to conventional
processes and products.

Biofuel-driven
Biorefineries

In a next step a “biorefinery fact

sheet” for each of these selected “energy driven”
biorefineries is developed, key characteristics for a

specific production capacity of road transportation

A Selection of the Most Promising : )
Biorefinery Concepts to bIOfUGI """""

Produce Large Volumes of Road

Transportation Biofuels by 2025

IEA Bioenergy www.lea-bioenergy.task42-biorefineries.com




Purpose of the )
Biorefinery Fact Sheet IEA Bioenergy

Task 42 Biorefining

What are the facts &
figures of different Look here, you find facts
biorefineries? & figures in our

Biorefinery Fact Sheet

,Biorefinery Fact Sheets”is linking element of Task 42 activities:

v’ Market deployment aspects for biorefineries (success factors, changing
technologies, central/decentral processing, Biorefinery-Complexity-Index)
v’ Stakeholder support for future BioEconomy (integration in existing

&
industrial infrastructures, Factsheets major biorefineries, National case-studies, added- /
value products)

',.—\

v’ Optimal sustainable biomass valorization (supply chains, biomass demand,
optimal biomass valorisation)

v’ Policy&decision advice (roadmap, policies, country reporting)

v’ Dissemination&training activities (task&stakeholder meetings, website incl.

data-base biorefineries, newsletters, reports, brochures & leaflets, presentations, training
course)




Overview )
Biorefinery Fact Sheet [EA Biocnerey

Part A: Biorefinery Plant Part B: Value Chain Assessment

Bi fi FACT SHEET Table 3: Key characteristics of biorefinery plant — Austrian feasibility study Table 4: Key characteristics of biorefinery value chain — generic exampie
loretinery Biorefinery plant Part B: Value Chain Sustainability Assessment Whole value chain
w“n, o heat Y bi " T i _ ) . B . Greenhouse gas emissions range
p > 'm (electr v& , syngas) blorefll?ery using wo.cld chlps Biorefinery Complexity Index The meﬂvodufTe sustainability as-s.ess.mem—emnumm”and environmental — is g\\ien in biorefinery 70 (68 to 81) [kt OOz eq/a]
for FT-biofuels, electricity, heat and waxes with steam gasification” (ProductsiPlatform/FeedstockiProcesses) 14.5 (4.5/3/2/5) Annex 1. The main assumptions and modelling choices are documented in Annex 2 refrence system 590 (640 to 750) [t GOyl
State of technology: conceptual R saving 90 (67 to92) %]
Part A: Biorefinery plant Products Auxiliaries (extemal] In future the following improvements of the assessment might be possible: Cumuiatsd energy demand
N FT.diesel 105 [ktla] electricity 0 [Pa] Red fivestm - fossil
The demonstration scale energy driven bicrefinery “2-platform (electricity&heat, syngas) FT-gasoline 70 [ktia] heat 0[Pa] - Reduction of investment costs biorefinery 06 (0.56 10 0.69) [Pdal
biorefinery using wood chips for FT-bicfuels, electricity, heat and waxes with steam heat 0.3TPa)| - Use of renewable energy for awliary energy reerence system 92 B5t011) [Puia]
gasification” is shown in Figure 11. waxes 10 [itia] malevials 29 [kta] - Further products made from glycerine with higher revenues saing 83 (8210-95) 1%
- area demand d n i total
Within the "2-platform (electricity&heat, syngas) biorefinery using wood chips for FT-biofuels, Feedstock Costs t* rerare Je\;la wi due tc‘aw ,\et\d increase o TSR =
electricity, heat and waxes with steam gasification” the woed chips are gasified with steam to wood chips. 1,459 [kt/a] investment 500 [Mio €] - Using of s or varous products reference system 98 (@.1t011) [Pdia]
produce a product gas, which is used to produce raw FT-biofuels via a catalytic reaction (FT- water content 45% [%] feedsiock 100 [€1] change 52 (27 to 87) %]
synthesis). The final quality of the transportation FT biofue! is reached in the upgrading step, Efficiencies mass energy [Agricultural area demand
e.g. hydroprocessing. The process residues are combusted to produce electricity and heat input to products 12.4% ey fesdstock - @t0) [har]
As a further product waxes are produced. input to transportation bi 11.8% 9% A 2-Platform (electricity&heat, Conventional Reference Costs
- . . = il i al ts 220 to 250} [Mio €/
Depending on the further successful development beside the steam gasification of wood, syngas) Biorefinery Using Wood System S nts| :ﬁgnt{n 14‘)101 :gt:? 4
which is suitable for smaller to medium sized gasffiers also the gasification with oxygen for Chips for FT-biofuels, Heat uN— Fossil Resource levenes T 1 T
large applications (e.g. entrained flow gasification) might become interesting. The large T and Waxes E e annual revenues 224 2100 250) [Miog/a]
amount of syngas will then be an optimal starting point to produce additional synthetic 18 . . spocific revenues 1,200 (1100 to 1400 =
products depending on the market demand for biomass based chemicals, e.g. methanol - - °
Case study, example Oxidation -
z R — s [Ca—
Viond chips. £ wakns S0 wae: Transport Transport B, et
A «FT-quscine B heat £
£ FT-diesel B # FT-gasaling = _ 60 gasaline 2
= oo chips L aunliary malerials 3E ,, sl = omass
wwood chips - o
4 3 w = sudiary materisls
Steam H "
20
output Gasoline o
o " " Blorefinery . Reference . ®wood chi Biorefinery  Refermnce
nput cutput Recycling/ Recyeling/ B! iteriy " ™ s
L Symgas energy Distribution Distibution anorgy
Figure 12: Mass baiance of biorefinery plant jeneration’ ation’
P Figure 13: Energy balance of biorefinery piant d + + generation Figure 17: Estimated cumulated fossil energy Figure 18: Estimated cumulated energy demand
ety [ maintarancs, . emergs, b e Use ~— demand of biorefinery and reference products of biorefinery and reference products
6.8% oo waes, 6% ] =) =
(FT-synthesis) maa heat, 1% -
¥ [re— *) inel. transportation ©
2% i
Combustion Upgraging I
—_— - Fl-gasoine Figure 16: Comparison of biofefinery with conventional reference system on whole
Enctroity 0T 8% vailie chain (inci. “end of Iife treatment”) i
=) Fdiesel, 3
i -
L] — — o oo )
LT Fl-tiofuels Wases: - , win
3% =3 ————
Figure 11: 2-platiorm ( [, syngas) b finery using wood chips for FT-
biofueis, electricity, heat and waxes with steam gasification . . ) Figure 19; Estimated greenhouse gas emissions | Figure 20; Esfimated cost and revenues of
2 . g Figure 14: Share of costs Fiqure 15: Share of revenues o biorefinery and reference products biovefinery plant

Annex:

Methodology of sustainability assessment and data with references



JOANNEUM

Part A: Biorefinery Plant

Mass and Energy Balance

Biorefinery plant

Biorefinery Complexity Index

(Products/Platform/Feedstock/Processes) 14.5 (4.5/3/2/5)
State of technology: conceptual
Products Auxiliaries (external)
FT-diesel 105 [kt/a] electricity 0 [PJ/a]
FT-gasoline 70 [kt/a] heat 0 [PJ/a]
heat 0.3TPJ/a]
waxes 10 [kt/a] materials 29 [kt/a]
Feedstock Costs
wood chips 1,459 [kt/a] investment 500 [Mio €]
water content 45% [%] feedstock 100 [€/1]
Efficiencies mass energy
input to products 12.4% 54%
input to transportation biofuel 11.8% 49%
1.600 7 1,500 1,500
1,400 -
1,200 -
@ 1,000 - losses&residues
it
==, waxes
» 800 1 ,
b4 m FT-gasoline
E 600 - m FT-diesel
m auxiliary materials
400 - m wood chips
200 A
0 -
input | output
mass

“2-platform (electricity&heat,
syngas) biorefinery using
wood chips for FT-biofuels,
electricity, heat and waxes
with steam gasification”

Own calculations based on Austrian
feasibility study (Hofbauer et al. 2008)

16 -
15 15
14 -
__12 ] losses&residues
-__,‘3 10 - waxes
e, heat
> .
= 8 A ®m FT-gasoline
2 = FT-diesel
6 - - .
o m auxiliary materials
4 4 ® wood chips
2 4
0 -

input output

)

I[EA Bioenergy
Task 42 Biorefining



Part B: Value Chain Assessment
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System Boundaries&Reference System

A 2-Platform (electricity&heat,
syngas) Biorefinery Using Wood
Chips for FT-biofuels, Heat
and Waxes

Collection
Forest Residues

Transport
> Biorefinery
FT-Diesel
G:T-GasolineD( Heat ) Waxes
Recycling/

energy Distribution

generation” !

t Use

*) incl. transportation

Forest residues

Product Services

Conventional Reference
System

Fossil Resource

Natural Extraction
Oxidation
Transport
Refinery >
Diesel/
Gasoline Heat Waxes
Recycling/
Distribution energy
‘ generation’
Use e ——

IEA Bioenergy

Task 42 Biorefining
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Part B: Value Chain Assessment

Overview
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Task 42 Biorefining

“2-platform (electricity&heat, syngas) biorefinery using wood chips
for FT-biofuels, electricity, heat and waxes with steam gasification”

biorefinery
reference system

Greenhouse gas emissions

Whole value chain

range
70 (66 to 81)
690 (640 to 790)

[kt CO,-eqg/a]
[kt CO,-eqg/a]

specific revenues

1,200 (1100 to 1400)

saving -90 (-87 to -92)
Cumulated energy demand
fossil
biorefinery 0.6 (0.56 to 0.69)
reference system 9.2 (8.5t0 11)
saving  S3(9210 -90) Communication in
total
biorefinery 14.9 (14 to 17) typlcal ranges & Orders
reference system 9.8 (9.1to11) .
change 52 (27 to 87) of magnrtude!
Agricultural area demand
feedstock - (0to0)
Costs
annual costs 220 (200 to 250) [Mio €/a]
specific costs 1,200 (1100 to 1400) [€/1]
Revenues
annual revenues 224 (210 to 260) [Mio €/a]

[€/1]

Own calculations based on Austrian feasibility study (Hofbauer et al. 2008)




Part B: Value Chain Assessment i)
Primary Energy&GHG Emissions EXI=ER]

“2-platform (electricity&heat, syngas) biorefinery using wood chips for FT-
biofuels, electricity, heat and waxes with steam gasification”

m wood chips

160 7 14.9 (14-17) 700 1 690 (640 - 790)
14.0 1 ] =
§ = 600 o
@ 120 - S =
c ? ] -
2 10.0 o > > waxes
© Y c o
-3 o £ 400 8 heat
; 5 8.0 © S ® renewable&others E 04 gasoline
£ = 6.0 + 2 é " biomass -% 300 A o = diesel
‘—; ’ © 8 m fossil 2 g m auxiliary materials
£ 4.0 - e § 200 A > m transport
=
O &

2.0 1
100 -

A

0.0 -
Biorefinery  Reference

products Biorefinery Reference

products

Own calculations based on Austrian feasibility study (Hofbauer et al. 2008)



Part B: Value Chain Assessment i)
Cost and Revenues

“2-platform (electricity&heat, syngas) biorefinery using wood chips for
FT-biofuels, electricity, heat and waxes with steam gasification”

250 - (200 - 250) (210 - 260) waxes

220 224
m heat

N
o
o

m FT-gasoline
mFT-diesel
M aux. materials

B aux. energy

Costs/revenues [Mio €/a]
—
an
o

100 ,
B maintanance
Hinsurance
50 -
m personal
m wood chips
0

costs revenues m capital

Own calculations based on Austrian feasibility study (Hofbauer et al. 2008)
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Upgrading Strategies
. Infrastructures to BroEconomy

= - =5 Biorefineries
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SISO

Classification of Existing Industrial
Infrastructure

1. Power and CHP plants
2. Biofuel plants
3. QOil refineries . .
| 10 Main industry sectors with
4. Pulp and paper industry 31 subsectors
5. Wood industry
6. Biogas/Biomethane plants| classified by
/. Chemical industry - feedstock
8. Waste treatment plants - platforms
9. Food industry - products
- processes

10.0thers

THE INNOVATION COMPANY
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ED))

Database of Existing Industrial Infrastructure

1 Power and CHP plants
1.1 heating plant
1.2 CHP plant
1.2.1 biomass
1.2.2 fossil (oil, gas, coal)
1.2.3 waste
2 Biofuel facilities
2.1 biodiesel facilities
2.2 bioethanol facilities
3 Oil refineries
4 Pulp and paper industry
4.1 pulp
4.2 paper
4.3 pulp and paper
5 Wood industry
5.1 pellet facilities
5.2 wood based boards
5.3 saw mill
6 Biogas/Biomethane plants
6.1 biogas CHP
6.2 biomethane
6.3 green refinery

7 Chemical industry
7.1 anorganic and organic chemicals
7.2 industrial gases
7.3 fertiliser
7.4 candles and waxes
7.5 synthetic material production
7.6 food and animal feed additives
8 Waste treatment facilities
8.1 sewage treatment plants
8.2 landfill gas facilities
8.3 composting plants
9. Food industry
9.1 breweries
9.2 sugar mills
9.3 starch mills
9.4 oil presses
9.6 fruit + vegetable processing
9.7 creameries
9.8 bakeries
10. Others

feedstock, processes, platforms, products
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Example Austria:

232 Sites in the 10 Main Industry Sectors

.....................................................................................................

1 Power and CHP Plants

2 Biofuel And Bioethanol Facilities

Industry sector

3 oil refineries

4 Pulp And Paper Industry

5 Wood Industries

6 Biogas/Biomethan Plants
7 Chemical Industrie

8 Waste Treatment Facilities
9. food industry

10. Others

I 5:

| 1

1

| 12

[ 25

| 14

[ 20

—— 27

T 60

_ 9

0 10 2 30 40 50 60 70
Number of singel sites Austria [-]
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Example Austr

Number of Sites in the 31 Industry Subsectors
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10.

Others

9. food industry

8 Waste Treatment
Faciliies

7 Chemical Industrie

6 Biogas/Biomethan Plants

5 Wood Industries

4 Pulp And Paper Industry

|
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Identifying Upgrading Opportunities Towards
. Biorefineries in the Biobased Industry

Integration opportunities:
same features in industrial

Infrastructure and the biorefineries

Existing Industrial infrastructures
are described based on 4 features

THE INNOVATION COMPANY

Biorefineries are described
based on 4 features

High number of common features gives a high
possibility for upgrading
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feedstocks&products 2 platforms 2 products

Feedstocks: very strong
Products: very strong
Platforms: strong
Processes: possible

10 industry sectors and

Example Austria . : . . .
‘I P 14 biofuel-driven biorefineris
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. Example I: How to Integrate this Biorefinery?

1-platform (oil) biorefinery using oil crops for biodiesel, glycerin and feed

v

c .
o Pressing
4
v c f=
: S| |23
5 o & 2 oil
o > =
»n = 3
Q (S} -
| ‘: 3
5 g E
£ 9 o Y
o L E Esterification
Y
Distillation
Biorefinery plant

v

THE INNOVATION COMPANY
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Example |

1 Biorefinery and 31 Industry Subsectors
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1-platform (oil) biorefinery
using oilseed crops for
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. Example Il: How to Integrate this Biorefinery?

.....................................................................................................

5-platform (C6&C5 sugar, lignin&C6 sugar, electricity&heat) biorefinery using saw mill
residues, wood chips and sulfite liquor for bioethanol, pulp&paper, electricity&heat

Biorefinery plant ! Pulp production
Pretreatment |
¥
Hydrolysis
Combustion <

Y
Paper making
(Alcohol) Fermentation
v
——  Distillation |

v v
..................... Electricity ) oiae
THE INNOVATION COMPANY and heat Bioethanol
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Example Il

1 Biorefinery and 31 Industry Subsectors

5-platform (C5&C6 sugars, lignin&C6 sugars, electricity&heat) biorefinery using
saw mill residues, wood chips and sulphite liquor for bioethanol, pulp&paper,

RESEARCH
RESOURCES

JOANNEUM
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How to Upgrade an existing Industrial
. Infrastructures to one of the 14 Brorefrnerres’?
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Coverage:
.14 Biorefineries and 31 Industry Subsectors
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Biorefinery concepts
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Outlook

1. Discussion to further develop this approach
2. Apply to other countries and biorefineries

3. Extend “Biorefinery Fact Sheet” to the most promising
Integration options
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Summary

Assist stakeholders in developing a BioEconomy
to minimize technical, economic&financial risks

Integration opportunities: High number of common
features In industrial infrastructure & biorefineries

Database of existing industrial infrastructure with 10
main industry sectors and 31 subsectors

Biorefinery integration in industrial infrastructure:
feedstocks&products = platforms = processes

Biorefinery Fact Sheet gives facts&figures on biorefinery plant and
value chain sustainability assessment

Selection of interesting “Biofuel-driven Biorefineries” for Biobased
Economy 2025 by IEA Bioenergy Task 42 “Biorefinery”

Classification of biorefineries via 4 features:
platforms, products, feedstocks, processes




Task 42 Biorefining |
IEA Bioenergy aims to
facilitate the
commercialisation and
market deployment of
environmentally sound,
socially acceptable, and
cost competitive
bioenergy systems and
technologies

Activities

Knowledge
dissemination

Market deployment

Stakeholder
positioning

Sustainable biomass
valorisation

Policy advice

Training
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Task:42 Biorefiping: Sustainable processing,of biomass into%a
spectrum of marketable food & feed ingredients, bio-based

chemicals, materials, ...

s Read more

News

New map of US biorefineries
available
March 28, 2014

Project results presented at
conference

February 17, 2014

\‘\ . online
a.‘oerﬁ 2013

Biofuel-driven Biorefineries
Report 2013
February 1, 2013

Poster IEA Bioeneragy Task42

)
Ll

A
<(ing in Graz

Calendar “\
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a“\ea .4 - Conference

£014: A Conference fora
cow Carbon Future - Edmonton,
Canada

May 12, 2014 - Conference

9th Biopolymer Symposium-
Philadelphia, USA

More calendar

Recent publications

1 Graen Rnildinn Rlarke far

Publications
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Country Reports

Austrian Team Leader

Gerfried Jungmeier
JOANNEUM RESEARCH
gerfried.jungmeier@joanneum.at

Challenges to be tackled

® Develop industry legitimacy and a
level-playing field for sustainable
biomass use

e Multi-sectoral stakeholder
involvment in the development

and implementation of
sustainable value chains

® Technology development and
biorefinery scale-up using best




