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Outline - 5 Points

Canadian (North American) Perspective on
Biorefineries

Regional differences : EU, Canada and US ?
How is the industry developing ?

How global might the industry become ?
Biorefinery activities underway in Canada

Upcoming Event: World BIO Congress and OECD
Workshop in Montréal (July 2009)

————



Definition — IEA Task 42

Task 42: Biorefineries
Co-production of Fuels, Chemicals, Power and Materials from
Biomass
Biorefinery is the sustainable processing of biomass
Into spectrum of marketable products and energy.

Multiple products = at least 1 energy and 1 non-energy;

Use of renewable feedstocks whose composition can be
modified to have desired characteristics;

Transformation can occur in a number of facilities;

Sustainability of the value chain — economic, environmental
and social; “zero waste”, closed cycles

—_——



Canadian Context

LARGE country - surface of 979 million ha with a relatively
small population (32 million)

Wide diversity - 15 terrestrial + 5 marine ecozones

Biomass feedstocks: forest residues, ag crops and crop
residues, livestock manure, municipal solid waste, organic
Industrial wastes, aquatic residues, etc.

Forest: 10% of the world’s forests - 402 million ha
Mostly publicly owned (provincial govt)
Protected forest area + “Wood production forest”

Area harvested annually - 1 million ha; area affected by
forest fires varies but often exceeds the harvested area

Sustainable Forest Management in place
Pulp and paper industry = primary user of bioenergy (5%)

—_——



Canadian Context (2)

Agricultural land area: 45 million ha with 4-5 month growing
season

Cereals : wheat, oats, barley, corn, etc. & oilseeds : canola
(rapeseed) and soybeans

Majority in 3 Western Provinces (Alberta, Saskatchewan,
Manitoba)

Many farmers have environmental farm plans, many have
converted to low or no till

Breeding programs to increase Yyields, address disease and
Insects, increase drought tolerance, etc.

Regulated production of some GM crops

Access to export markets: Ports located on west and east
coasts of country; US by rail and truck

——————



Canadian Context (3)

Substantial mineral reserves (e.g. crude oil, copper, uranium)
and hydroelectric resources

Net energy exporter (year 2007: 10,247 PJ energy export)

Sustainable Development

Support Bruntland Commission Definition (3 pillars: economic,
environmental, social + intergenerational equity)

New Sustainable Development Act (federal level); 2 provinces
have SD legislation; lots of activity at grassroots level

Land managed for ecosystem services, production of food, feed
and fibre, habitat, economic activities + “culture & recreation”

Federal/Provincial/Territorial = Shared Jurisdiction

Constitution provides for provincial jurisdiction over energy matters
within their borders. Same for forestry, environment, etc.




Canada : NEW Biorefinery
Development

Integration with existing bio-based industries (forestry and
agriculture)

Seen as a way to reinvent forestry industries and add value to
agriculture

Use of existing infrastructure
Diversify “beyond commodities”

Support rural economic development, including aboriginal
communities

Development of new clean technologies / industry
Sustainable use of our natural resources

Mosaic of different biorefineries are emerging (co-location,
smaller scale)

dependent on the local resources, provincial policies, ability to
attract investment, etc.



Not a “slam dunk” for bio

o Don’'t have the powerful energy security driver

o Traditional forest industry is facing challenges (older
Infrastructure, less US demand, competition)

o Often long distances between resources and manufacturers

o Competing for R&D funds with clean fossil fuels, carbon
sequestration, next generation nuclear programs

o Competing with other renewables that are sometimes perceived
as cleaner than bioenergy

o Don’t yet have a price on carbon (although expected to come)

o No national bioenergy target, modest biofuel target, no
bioproduct procurement programs or incentives to produce
materials and chemicals from bio (although “pull” is coming from
certain regions)



Where and does “bio” make sense for Canada ?v
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Biorefinery Development in US

Strong Drivers: Energy security and Rural economy
(agriculture)

Government and private sector investing heavily in technology
development

Both R&D and scale up (pilot, demo and pre-commercial)
biorefineries

$800 M US DOE in 2009 (8-10 times typical budget!)

Dedicated feedstocks, including genetic engineering
Syngas + biochemical platforms — variety of feedstocks
Focus: ethanol + chemicals

Integration, engineering (aiming for large to have the economy
of scale)



US Government Sending
Stronger Signals

Use of Legislation, Targets, Standards and
Supported by Substantial Investments
Some examples:
US Farm Bill
Biopreferred Program (procurement of bio-based products)
New Bioenergy R&D Centres
National Biofuels Action Plan (sustainability C&l biofuels)
Many State Initiatives, e.qg.
California Low Carbon Fuel Standard

Integrated Biorefinery Peer Review (March 18-19 2009)
http://obpreview2009.govtools.us/IBR/




The biobased economy
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Closing the loop:
No waste & CO:2 - neutral.

Source: Ed de Jong, 2008

Main Drivers:

» Fossil Fuel costs
* Environment
(climate change)

* Energy security
 Agricultural
policies

» Forestry policies
» Sustainable
Development



Regional differences
EU / Canada/ US

Drivers/ Strategy

Fossil fuel costs and “clean solutions” for
transportation — important common drivers

EU — environment driver / energy security
US — energy security / rural development

Canada — new sustainable economic opportunities for
forestry and agriculture industries / rural economic
development

Approach: provincial action with national
coordination



Regional differences
Policy

EU: directives (energy, climate change, agricultural policy,
waste); targeted to strengths (Lead Market Initiative); combined
EU funding; synergy of numerous plans, policies, initiatives, etc.

US: legislation (agriculture, energy), ambitious targets,
substantial funding, procurement policy

Canada: Renewable Fuels Standard biofuels, support for
biofuel plant construction, RD&D funding

Provincial examples (focus — energy/GHG):

Ontario: Standard offer for power, Green Energy Act, fuels
mandate

Manitoba: Tax on coal users, fuels mandate

Alberta: Strategies for energy (includes renewables), fibre
and land use; fuels mandate; emissions trading

British Columbia: Carbon Tax




Example of EU Policies & Legislation

Agriculture/forestry: Environment/Health: Environment:
Sugar and starch refund Integrated Pollution Packaging & packaging waste
Prevention Control Landfill Directive
Directive Green Public Procurements
ECO-label
Feedstocks Integrated Biorefinery Process  Bio-based Products
S Sugars Intermediate Products Polymers, bioplastics
Waste . Starch Lubricants
Straw “ Cellulose Hydrogen alcohols polymers Fine Chemicals
Wood  Lignin Wood, Paper
Oilseed . Pproteins C3-, C4-, C5-type substances Biofuels
etc Oills/fats Bioene rgy

FT liquids Aromatics

Agriculture/forestry: Technology: Biofuels/Enerqy:

CAP aid schemes — Aid Strategic Energy Biofuels Directive, Renewable

for non-food crops, Technology Plan Energy Directive

energy set-asides Carbon Trading Lead Market Initiative — renewable
Biomass & Forestry energy

action plans

Source: adapted from “Biorefuture 2008” Presentation



Industry Development:
New Bioeconomy

“How do you see the industry developing in Canada?”

Different ways, different paces in different parts of the
country — geography + existing infrastructure + policy

Co-location of biorefineries : Integrated operations
Integrated into existing “viable” P&P mills
Ethanol plants with livestock operations (biogas)
Smaller scale biorefineries or mobile operations to densify

1st gen ethanol (starch-based) + biodiesel plants in
operation

British Columbia : forest biomass from mountain pine beetle
Kill; “use it or loose it” (pelletization, gasification, pyrolysis ?)

More coal-fired utilities: co-firing biomass
Municipal solid waste (large communities): power, ethanol



What is needed (to develop
the industry) ?

Higher fossil fuel costs

Price for carbon

Monetization of environmental goods and services (level the

playing field)

Attractive conditions for investment in demonstration, pre-

commercial

Get ready for what's in the R&D pipeline
Policies that support, not impede, development
Engineering, systems design (“continuous systems”)
Trained, available labour

Sustainability framework in place - so we don’t solve one
problem and create another

“Resilient systems” that are able to evolve and adapt to change
Responsive to rapid pace of technology development



How global could the industry
become ?

« Already global.

» Rising population with higher demands; increasing pressures on
land, oceans, natural resources

* Bioresources provide vital ecosystem services = #1
 what is required ? ecological footprint
e what amount of land and resources are available for
ecosystem services + food, feed, energy, materials

Productivity increases are required to meet growing demands
How achieved ? Adoption of GM ? Fertilizers ? Irrigation ?
GM crops — uptake in Asia, Africa ?

What feedstocks can be grown in “future climate” ?

Who will have the ability to commercialize and invest in new
iIndustrial development

What will happen to energy supply and demand ? innovation ?
electric vehicles ?



Biorefinery Development
In Canada

Existing biorefineries (pulp and paper mills, starch based
iIndustries, etc.)

Many projects in pilot stage and R&D (not yet commercial)
Developing new technologies for Canadian feedstocks
Lignocellulosics (forest and agriculture)
Developing new crops (yields, composition, etc.)
Industrial crops, multiple purpose crops — seed + straw
People are aiming for low environmental footprints

Recognize importance of looking at entire value chains,
iIncreased use of LCAs

However focus in on GHG reduction and sustainability
(env, econ, social) assessments are not yet mandatory



Existing Biorefineries

Tembec, Temiscaming, Québec

Produces specialty pulps (cellulose), ethanol (hemicellulose), and
lignosulphonates from forest biomass

Steam from bark and residue combustion, methane and sulphur
from anaerobic treatment of effluents

Permolex, Red Deer, Alberta
Integration of flour mill, a gluten plant and ethanol plant

Converts feed grade wheat into bakery flour, vital wheat gluten,
fuel grade ethanol and livestock feed

Ensyn, Renfrew, Ontario

Conversion of forest product industry residues into food flavouring,
resins, internal heat and power using fast pyrolysis

Future: upgrading of pyrolysis oil to produce fungible green fuels
(joint venture with UOP)






Pilot and Demo Plants

Lignol Innovations

Adapted the ethanol-based organosolv process to produce fuel

ethanol, high purity lignin and co-products (furfural and wood
extractives) from lignocellulosic feedstocks (forest, agriculture)

Continuous pilot plant; Received US DOE funding for commercial
scale demonstration plant

logen
Enzymatic hydrolysis and fermentation of wheat straw to produce
cellulosic ethanol and electricity (from lignin)
Large scale pilot plant outside of Ottawa

Enerkem

Conversion of municipal solid waste, utility poles, forest residues
into alcohol fuels via gasification and catalytic synthesis of fuels

3 locations: Alberta, Québec



Examples cont’'d

Highmark Renewables

Integrated livestock production and ethanol plant;
biogas/electricity and fertilizer (from manure) and ethanol
and animal feed (from wheat)

Syntec Biofuels

Gasification, catalytic synthesis, steam reforming used to
convert forest and agricultural residues into methanol and
ethanol

Biomass pretreatment technologies
Sun Opta, NovaGreen, etc.

etc.



R&D Underway

R&D - Universities, Government and Industry Labs
Federal and provincial public funding
Federal programs:

Program for Energy Research & Development

National Science and Engineering Research Council
(universities)

ecOENERGY Technology Initiative (focus on GHG and air
emissions reduction)

Forest Products Innovation (FPInnovation)
Agricultural Bioproducts Innovation Program (ABIP)

National Research Council of Canada — National
Bioproducts Program (NBP)




Agricultural Bioproducts
Innovation Program

Total $250 M over 2.5 years
Large collaborative research networks

Designed to support new and existing research networks
and the development of clusters for the advancement of a
sustainable and profitable Canadian bioeconomy.

Develop new economic opportunities for agriculture in the
areas of bioproducts and bioprocesses such as biofuels,
other forms of bioenergy, biochemicals,
biopharmaceuticals, etc.

www.agr.gc.ca/abip



Some of the funded networks:

Cellulose Biofuels Network ($19.9 M)

Sustainable production of ethanol and associated bio-products
from lignocellulosic material

Canadian Triticale Biorefinery Initiative (15.5 M)

Development of a new industrial crop (triticale) and biorefinery
conversion technologies to produce ethanol, chemicals and
materials

Natural Fibres for a Green Economy (9.6 M)

Breeding and development of biorefinery conversion technologies
to produce materials and chemicals from multiple purpose crops:
oilseed flax and industrial hemp



More networks ...

Feed Opportunities from Biofuels Industries (6M)

Develop higher quality livestock feed from DDGS (wheat-based
ethanol) to improve the economics of livestock operations

Biopotato Network (5.3 M)

Value added uses for the potato, health and pharmaceutical
products, dietary properties, potato-based plastics and
biopesticides for insect control

Industrial Oilseed Network (3M)

Develop a new type of industrial oilseed that can be used for the
production of petroleum substitutes in applications such as fuel
additives for use in heavy equipment and marine towing
operations, bio-based hydraulic fluids, bio-based oils in the
construction industry, civic bus transportation and lobster fishing



Summary

Canada is well positioned to support new biorefinery
development

If done right, this will make a significant contribution to
sustainable development and give “new life” to resource-
based industries

Lots of land and varieties of biomass feedstock

Forestry and agriculture systems that are being managed to
have low environmental impacts

Existing forest and agriculture industries (i.e. infrastructure,
know-how)

Support the sustainable use of natural resources

Share common drivers for bio-economy: (1) high fossil fuel
costs and (2) need for clean solutions for transportation



Summary (2)

Industry diversification and new opportunities for the forest and
agricultural sectors are more important drivers in Canada than

energy security

Currently in Canada, biorefineries (IEA defn) are mostly co-located
with pulp and paper or agri-food facilities

Anticipate more biomass co-firing (coal users) and conversion of
municipal solid waste to power/biofuels in near future

Lots of interesting R&D and pilot scale work is underway

Industry, universities, govt labs are developing new concepts
and technologies

Agriculture and Agri-Food Canada new program ABIP — 9 large
research networks that are studying different feedstocks,
conversion technologies, new products (to be completed by
March 2011)




Summary (3)

What is responsible land use at country and global levels ?
How much land and resources do we need for ecosystem
services + human activities ?

Canada needs a “price for carbon” and to show (with credible

estimation) how our bioeconomy could contribute to GHG

reduction, cleaner air, employment, economic growth, etc.

Need to get ready for what's in the technology pipeline
Supportive policies for biorefineries (more than a biofuels mandate)
Design of viable systems or value chains
Understand the product markets
Attract investment
Trained labour
Sustainability planning and assessment = common practice



Finally, we need to ask
ourselves ...

Support for biorefineries, bioeconomy ?
Support for entire value chains ? Which ones ?
Support for R&D through to commercialization ?

Willing to coordinate and align our policies — across
departments and jurisdictions ?

Need analysis similar to BIOPOL and Biorefinery Euroview to
understand technical, social, environmental, political and
Implementation issues



Upcoming : Montréal, July 2009

World Congress on Industrial Biotechnology and
Bioprocessing, Montréal, Québec, July 19-21

OECD Workshop #1: Montreal July 23-24
OECD Task Force on Biotechnology

Best Practices in Assessing the Sustainability of Bio-based
Products

“by Invitation only” — contact Alexandre.Bartsev@oecd.org

Workshop #2: Lisbon - 20-22 October; EuropaBio®
European Forum for Industrial Biotechnology 2009




Thank You ! Merci !

9 Maria Wellisch
Research Advisor, Sustainable Conversion of Bioresources
CanmetENERGY
Natural Resources Canada
Ottawa, Ontario
maria.wellisch@nrcan-rncan.gc.ca

Natural Resources Canada — Champion of Sustainable Development

“Applying sustainable development as a core value and major lens on
everything we do as a department — always making sure that
our actions recognize and reflect the interaction between
our economic, environmental and social interests”




