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Total Primary Energy Supply (World)
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Global transport fuel shares, 2007
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Renewable Alternatives

» 1. Electricity Generation

— Biomass
Coal — — Hydro
. 8 — Wind
Oil > Electricity <
— Geothermal
Natural Gas —
— Solar
— Ocean
» 2. Transport Fuels
Gasoline —
— Biofuels

Diesel —— Transportation <

\ Avgas —
"'é:é &

— Electric transport




Biofuel Production Worldwide
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Present share of 2nd-gen biofuels is only 0.1%
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Agricultural biorefinery
WET MILLING - DRY MILLING
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at UBC
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Feedstock drivers

» Feedstock cost (as well as availability) will determine
growth of 2"d-generation biofuel industry

» North American feedstock availability is being studied with
several groups actively working on “bioenergy crops”

( miscanthus, switchgrass, poplar, etc)

» However, biomass residues will be the initial feedstock and
their long term availability and cost will be a key

determining factor

\ ¥ _/
sece ===« Forest Products Biotechnology

d b
I 4




ALAS TERRITORIES [ HUHAVUT L ghrador s

Gelf of Alasks ! Hudsoh Bay

HEWVWTFOUHDL £
L

(

@ MAHNITOBA
ALBERTA, b -~

ASKATCHEWAR
ONTARIO
c aAlNaDaA® o
g LB
ASHINGTO N S T
MOHTAHA HORTH SHPHH__ . E
'S DAKOTA INHESOTA, ..~ E’”d"ﬂ} -
R‘\ ol H.Y.
OREGOHN L A e mrmms
N 4
WIS.  michican; e
i WYOMING TH DAKOTA " P 2
Pacific * jowa 5. e o d Hew York
HEBR. & [Chicago @ Fa, _Philadelphia
Ocean & = OHIO --Waa;hin an, D
@ UTAH i) E 1 T T 5 = ) . oton, 0.2, .
COLO > & Atlantic
. KAHSAS LL Y.
CALIFORHIA MO. L Ocen
— n R
= _
Los Angeles ARI.ZOHA. . ] ’ Py
. m' oenik HEW MEXICO oKLA, DRKANSA = 5.C.
San Diego TEXAS ...
Dallas MISS. '_P.
= @ ALABAM

@ e
LA. ° .

"
Houston

22,000,000 : : . 5000/
Wood Residue Generation Ethanol Potential 7 |

0



_ TEI—

PVARRY L AW . Cumulative Percentage

e | of Pine Killed
(1] I




I |

. Cumulative Percentage
1 of Pine Killed
.FMHEHDH |I
!| ST 1
l B 1-10w
\I | EEEEL

v F‘A ot o M 31 -50%
[+

-51 70 %
e 1 L T1-100%
0% pine kiled



Biorefinery

Company

Bulk polymers:

Polylactide (PLA), 3-hydroxypropionic acid, 1,3-
propanediol, etc.

Nutraceuticals:
xylitol, arabitol, etc.

Platform chemicals:
Glycerol, furfural, levulinic acid, succinic acid, etc.

Biofuels:
ethanol, bio-hydrogen, etc.

Biofuels:

bio-oil, methanol, ethanol, Fischer-Tropsch, BTL, etc.

Bioenergy:

electricity, steam, combined heat & power (cogen),
district heating, wood pellets, etc.
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NatureWorks,
DuPont, Cargill

Codexis

DuPont

logen, Abengoa

Choren

Scandinavian/BC
Cogen facilities
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Thermochemical biorefinery

_ Fast pyrolysis
Fast pyrolysis to Bio-oil

. Synthesis

&

Methanol,
Fischer-
Tropsch, etc.
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Applications

Bio-Oil

» Bunker fuels (Commercial)
» Preservatives

» Resin precursors

Fractionated oil

» Liquid smoke (Commercial)
» De-icers

Chemicals

» Acetic acid (Commercial)
» Hydroxyacetaldehyde
Levoglucosan

Levoglucosenone
Maltol
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Polymers
» Furfural ->
tetrahydrofuran and butanediol
» 5-hydroxymethylfurfural ->
— furan-di-carboxylic acid
— levulinic acid, PLA
» Phenol ->
antioxidants for plastics




Pretreatment

Fractionation ———I
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Bioconversion refinery

< _BIOMASS ™
Lignin,
extractives
Pretreatment )

Cellulose, hemicellulose —i
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Fermentation
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5,6C suqar>
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Bioconversion Costs

©
=
g $3.00
'-'é' " Saccharification &
S $2.52 Fermentation
. $2.50
A " Prehydrolysis/treatment
=
2 $2.00
S5 " Feedstock
o~
o
e & $1.50 —
_cc% $1.33 * Enzymes
T _—
% $1.00 — - — -
*g " NE— Distillation and Solids
O Recovery
-
E - ® Balance of Plant
: s N e

$0.00

2005 2009 Target 2012
State of Technology Target

==« Forest Products Biotechnology Source: L. Russo, US DOE




Overview

1. Historical perspective

2. Evolution of biorefining

3. Biorefining platforms

4. Progress with the bioconversion platform
5. Development of pilot facilities

6. Take-home messages

\
ses ===« Forest Products Biotechnology
\
.\




“From 1st to 2nd Generation Biofuels”
- Current Efforts

Project investments and locations of major biofuel plant USDOE investments in the US.

PROJEGT SCALE

= ® Besearch and Development
@ Bluefire | * Pilot

® [emonstration

ws_Enerkem ‘-.;. Ran
; geFuels
, ® myriant ® Commercial

® verenium

.Abem

US Department of Energy, 2010



Choren (Germany)

» The Carbo-V® Process is a three-stage et R il

From biomass to SunDiesel.

gasification process involving the
following sub-processes:

— low temperature gasification,
— high temperature gasification and
— endothermic entrained bed gasification

» Freiberg/Saxony
— 16.5 M litres SunDiesel
— 45 MW thermal power

— > € 100 million investment

— 68,000 t/a feedstock
(50% residues, 50% chips)
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Dong, Inbicon (Denmark)

Straw ‘ _45‘1# /\

Symbiosis between bioethanol } !/

plant and a power station (CHP)

Kalundborg
Demonstration plant
» 30,000 tonnes of straw per year

» 4,300 tonnes / 5,400 m?3 of
ethanol per year

» 8,250 tonnes of powdered biofuel
per year

» 11,100 tonnes of molasses
(65%DM) per year (animal feed)

» Autumn 2009 scheduled start-up

» Located in a port along with an
oil refinery and cooperative farm
supplier

N
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Nesté Oil - Stora Enso(Finland)

» Porvoo

_ 14 million € demonstration | The first second-generation biodiesel

1st generation 2nd generation 3rd generation

— 2008 start-up 2000 NEXBTL 2007 ~ 2015
3 Raw Rapeseed Vegeteable oil
— Integrated with Varkus material  oil and animal fat
paper mill energy structure
(CHP) Technology Esterization Hydrogenation

— Fischer-Tropsch to generate [ Esterized Bio-
crude biodiesel product biodiesel hydrocarbon

— Stora Enso will supply
biomass and utilize energy

— Nesté will refine and
market biodiesel
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Borregaard (Norway)

» Core business is based on softwood biorefinery

» Specialty cellulose, lignin products, ethanol, yeast, yeast extracts,
vanillin, diphenols, fine chemicals

» Two biorefineries: Sapsborg, Norway & Solothurn, Switzerland

Bioenergy (bark, side streams from the production,
biogas from the waste water treatment)

. Drying Specialty
Bleaching plant machine Cellulose
400kg
Wood Digester
1000 kg

Ethanol Ethanol Lignin
plant plant plant

Vanillin
Ethanol Yeast

co, 50kg (zsovliltzerland) 3kg
: g
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IEA - International Energy Agency

WWWw.iea.org

» |[EA - Autonomous organization
linked to OECD

+ Environmientol protection
MEDIA

» Created due to oil-shocks

» IEA Objectives:

— Assist in integration of
environmental and energy policies

— “Improve the world’s energy supply and demand structure by
developing alternative energy sources and increasing efficiency
of energy use”
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IEA Bioenergy Tasks 2010-2012

Social & Environmental Issues:
» Task 29 - Socio-economic drivers in implementing bioenergy projects
» Task 38 - GHG Balances of Biomass and Bioenergy Systems

Conversion Technologies:

Task 32 - Biomass combustion and co-firing

Task 33 - Thermal gasification of biomass

Task 34 - Pyrolysis of biomass

Task 36 - Energy recovery from municipal solid waste

Task 37 - Energy from biogas and landfill gas

Task 39 - Commercializing liquid biofuels (Task Leader: Jack Saddler)
Task 42 - Biorefineries

v Vv Vv VvV VvV Vv Vv

Trade:

» Task 40 - Sustainable international bioenergy trade

» Task 41 - Joint project with the Advanced Motor Fuels IA
» Task 43 - Biomass Feedstocks and Energy Markets

\
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IEA Bioenergy Task 39

» Commercializing of sustainable Liquid Biofuels

» Collaboration between 15 countries
— Analysis on policy, markets and sustainable biofuel implementation
— Catalyze cooperative research and development
— Information dissemination & outreach with stakeholders
— Focus on Technical and Policy issues

TECHNICAL ANALYSIS | Il"“

and eployment
TeChnOIOQy & Dep|0yment and Information
Trends Analysis Analysis Sharing
»o%?w Forest Products Biotechnology




International Network

Forest Products Biotechnology

Norway

Lars Sorum, Karin Oyass, Roger Khalil
Finland

Tuula Makinen

Sweden

Guido Zacchi, Alice Kempe, Kenneth
Weuring

Denmark

Henning Jorgensen
Germany

Axel Munack
Austria

Manfred Worgetter
The Netherlands
John Neeft,

United Kingdom
Tony Sidwell

Ireland

Jerry Murphy
European Commission
Kyriakos Maniatis
Canada

Jack Saddler

United States
Jim McMillan

Japan

Shiro Saka,

South Africa
Bernard Prior,Emile van Zyle
Australia

Les Edye




Task Outputs

e ERTOA VR ACENCT Technical and
Policy Reports

i

FROM 1#- TO 2"*-GENERATION
BIOFUEL TECHNOLOGIES

An overview of current
industry and RD&D activities

Sustainability Algal Biofuels:

of Biofuels Current Status and
Potential
e www.Task39.org
IEA Bioenergy




Task Outputs

i 39 Commercializing 1*- and 2"¢- Generation
Task

Liquid Blofuels from Btomass

———

www.Task39.org

Current Status and Potential
for Algal Biofuels Production

- TO 2-GENERATION

Draft IEA Bioenergy Report

NREL
&

BioIndustry Partners
From 15t to

2nd gen Biofuels

March, 2010

Sustainability
of Biofuels

NREL Logo
BioIndustry
Partners

R |
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Task 39 Outputs cont

» Newsletters
— Featuring newest developments)

» Facilitating international collaboration
— Organized Multi-Task Conferences (i.e. Vancouver 06, 09)
— 2-3 Business Meetings / year

Wancouver Multi-Tack Me=ting

» Website / facility database
— Resource for biofuels stakeholders

— Worldwide biorefinery database
o
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Demonstration Plants (cellulosic ethanol)

y - K E http:,l',l’biofuels.alic-eneigy.at!demoplantsi B

Google | 1 EA Bioenergy 7\;, PPsearch - v & & - G- S~ €9 Bookmarks ~ U Check ~ 33 Translate ~ ] AutoFill - A0 [ 1EA (&

v o ' & nK-1v-4 (IEA) - Demoplants ‘

IEA Bioenergy PR Commercializing 1°- and 2"?- Generation
Liquid Blofuels from Biomass

Thi iew has b . : i s
Slobatotad by ABC faow Status of 2nd Generation Biofuels Demonstration Facilities

Bioenergy2020+) and FJ-

BLT. Currently, large efforts are dedicated to the production of biofuels from lignocellulosic raw

materials. While only few production facilities are operational yet, many projects are under
construction or planned. But which are the companies involved, where are production facilities
under construction, and which technologies will be applied? In order to answer these questions,
IEA Bioenergy Task 39 has collected data on pilot and demonstration projects and displays the
results in a web-based, interactive map. (Click on map to obtain information)

®,, Austcrian
U Bio Enmnergu

Coartca

piocenergy2020+

For more information and for data upload please continue reading below the map or contact

dina.bacovsky@abc-energy.at

WIESEIL.LBURG

Please click here for more
information




Cellulosic Biofuel
Maximum Potentially Available Volume 2011

AE Advanced Keyes Corn, then
Fuels Keyes CA stover Ethanol

Agresti Pike County
Biofuels KY MSW Ethanol

MSW / other Diesel
Bell Bio- Atlanta cellulosic Feedsto
Energy GA biomass ck . Jun 11

Bay Minette
Cello Energy AL Wood, hay Diesel Online

DuPont Vonore Corn cobs, then
Danisco*® TN switchgrass Ethanol . Online

Blairstown
Firebright* IA MSW Ethanol Apr 10

Ottawa Wheat, oat &
logen Ontario barley straw Ethanol . Online

Upton
KL Energy* wYy Wood Ethanol . Online

Total

Source: http://earth2tech.com/
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Take-home messages

>

»

Greatest historical increases in energy demand are for
transportation fuels

The biorefinery concept can maximize returns and
improve the economic performance of both of these
technologies

Tremendous progress has been made in biological
lignocellulose-to-ethanol pathways

Policy and technology must work together to bring new

forest products to market
4
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IEA Recent Work on Biofuels

1. From 15t to 2" Generation Biofuels: An
Overview of Current Industry and RD&D
activities

Report in collaboration with IA Bioenergy. 12/2008
Available as a free download at www.iea.org

2. More recent reports on sustainability,
demonstration/commercial plants, Algal
Biofuels, etc, at www.Task39.org

3. Updated Biofuels Roadmap from IEA due out
in early 2011
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Thank You!

Questions
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