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Figure 1: Biomass conversion technologies and feedstock sources
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Feedstock potential

Figure 1: Biomass conversion technologies and feedstock sources
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Figure 2: World primary biomass sources
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Bioproduct market opportunities Bio-based chemical and materials market

Figure 7: Use of bioplastics by global region,
2009-2016 in metric tons
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Bioproduct market opportunities Waste-to-energy market

Figure 8: World municipal solid waste management by disposal method
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Investment trends :

Figure 9: Global venture investment in biofuels and biochemicals
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The key players in Ontario Companies active in Ontario

Innovation centres

Agri-technology Innovation Centre
Bioenterprise Corporation

Bioindustrial Innovation Centre

BioLinc

Biomass Innovation Centre

BlOpole (proposal, under development)
Bioproducts Discovery and Development Centre
GreenCentre Canada

Thunderbay Biotechnology Centre

Academic

Nipissing University

University of Guelph

University of Western Ontario

University of Toronto

Western's Sarnia-Lambton Research Park - Western
University, Sarnia

Associations and groups

Biogas Association

Canadian Gas Association

Canadian Renewable Fuels Association
Canadian Bioenergy Association

Dairy Farmers of Ontario

First Nations Energy Alliance

Ontario Agri-Food Technologies

Ontario Federation of Agriculture

Ontario Food Industry Environmental Coalition
Ontario Soil and Crop Improvement Association
Ontario Sustainable Energy Association

Wood Pellet Association of Canada

External players

Alberta:

Alberta Innovates

Alberta Biomaterials Development Centre

Biorefining Conversions Netwark (University of Alberta)

Quebec:
Institut Polytechnique LaSalle Beauvais

Manitoba:
Winnipeg Composites Innovation Centre

Canada:
FP Innovations

Funders

Government:

Sustainable Development Technology Canada; Government
of Canada; Investment Accelerator Fund; Ontario Centres of
Excellence; Ontario Emerging Technologies Fund; Ontario
Ministry of Economic Development and Innovation; Ontario
Ministry of Research and Innovation; Natural Sciences and
Engingeering Research Council of Canada; Sustainable
Chemistry Alliance; Technology Partnerships Canada; US
Department of Energy

Private:

MaRS Cleantech Fund; CIBC; RBC; Volkswagen; Petro-
Canada; Royal Dutch Shell; Investeco; VentureLink

Funds; Rosetta Capital; Fibria; Birch Hill Equity Partners
Management Inc.; Goldman Sachs Private Equity Group;
Wellington Financial Fund; Business Development Bank of
Canada; Rosetta Capital; Wellington West Capital Markets

Government bodies

Federal:

Agricorp; Department of Foreign Affairs, Trade and
Development; Natural Resources Canada; CanmetENERGY:;
Mational Research Counci; Natural Sciences and
Engingeering Research Council of Canada; Agriculture and
Agri-Food Canada

Provincial:

Ministry of Natural Resources, Ontario Government;
Ontario Power Authority; Hydro One, Ministry of the
Environment; Sarnia-Lampton Economic Partnership;
Ontario Ministry of Farming and Agriculture

Agri-Neo Inc.

Agrisoma

Altranex Corporation

Anaergia

Archer Daniel Midlands

AzZule Fuel

Bio-Organic Catalyst Canada
BioDiesel Reactor Technologies
Bicethanol Enzyme 3R

BioExx

Biopower Canada

BIOREM Technologies Inc
Bioversal Inc

Biox Carporation

Canadian Carbon Solutions Group
Capstone Infrastructure Corporation
Castorsol

Centurian Biofuels Inc

CHAR technologies

Commercial Alcohols

Converted Carbon Technologies
CORE Biofuel Inc

Domestic Diesel Ltd

Dow

Drystill Holdings

Eco Waste Solutions

Ecoflame International Inc
Elementa Group

Energentium

Enerkem

EnerSysiNet

Ensyn Technologies
ExxonMobile

GFL Waste and Recycling Solutions
Great Lakes Biodiesel

Green Planet Biofuels
GreenCore Composites Inc
Greenfield Ethanol
GreensScience Technologies
Harold Doan and Associates Ltd

Husky

IGPC Ethanal Inc

logen Corporation

Jessop Group

Kawartha Ethanol

KMX Corporation

Lanxess

Lougheed Biodiesel Reactors Inc
Methes Energies Canada
Mitsui & Co

Matural Energy Systems
MorCon Energy

Morthland Power

Moroxel Energy Ltd
Performance Plants

Plasco Energy Group

Paond Biofuels

Prodal-G

QuantaGREEN Corporation
Responsible Energy Inc
Rothsay Biodiesel

Sodanal

Solutions4C02 Inc
Stonehedge Bio-Resources
Suncor

SunOpta BioProcess
Switchable Solutions Inc
Switchblade energy

Thesis Chemistry Inc

Trade Brilliance Inc

Trivium Industries

Unisphere Waste Conversion
UTAG Green Energy Technologies Inc
Vertichem

Woodland Biofuels

World Bio-Fibre Technology Inc
Zaro Waste Energy Systems Inc
ZooShare Biogas Cooperative

17



TH/\UBIO  Thailand Bio-based Industry Outlook (NAC2011 s

th
The Thai Association for Biotech Industries ]O msUsHUSHnMsUsHl aons. RSl eo

» With growing world population >
- environmental and socio-economic problems
- energy instability
- higher demands for more healthcare and more agricultural products i.e. food,
animal feed, bioindustry, bioenergy (food, fuel and biomaterials)

» The bio-based or bio-economy =2 is based on the economic activities fueled by
sustainable production and conversion of renewable biomass for a range of food,
health, industrial and energy products

* To overcome those challenges and create public benefits & well-being >

- research & innovation in biological science

- Investment

- Bioeconomic policy

- Focus on increasing food, energy security, reducing green house gas emission,
growing new jobs and industries

Reference: Naroon Waramit (2012): Developing a Bioeconomy in Thailand
18



TH/\BIO  Thailand Bio-based Industry Outlook . /NACZ014%a

ih
The Thai Association for Biotech Industries ]O - oo

= Strategic objectives for bioeconomy with the potential to facilitate economic growth
and meet societal needs includes:

1) Support R&D investment providing the foundation for the future bioeconomy
development

2) Develop and improve regulatory processes and regulation
3) Improve incentive measures for investment

4) Develop infrastructure systems and support instruments

5) Develop a qualified human resources system in fields related to biotechnology

Reference: Naroon Waramit (2012): Developing a Bioeconomy in Thailand 19
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Key agricultural products for bioeconomy in Thailand

e Thailand is one of the world’s major agricultural countries with 24.4 million hectares
of farmland (Office of Agricultural Economics, OAE, 2012)

» Agricultural products were accounted for 11.7% of exports and generated nearly US$
4.5 billion of Thailand’s agricultural trade surplus (OAE, 2011)

e The major crops (the top export commodity) of Thailand include rice, para rubber,
cassava, oil palm, sugarcane and corn

l BIOBASED PRODUCTS DERIVED FROM BIOMASS HAVE PLAYED AN'
' IMPORTANT ROLE IN THE EMERGING BIOECONOMY IN THE NEAR FUTURE,
. (Van Haveren et al., 2007) I

e The biobased products include high-value added fine chemicals (e.g.
pharmaceuticals, cosmetics, food additive, and vaccine etc.) to high volume materials
(e.g. enzymes, biopolymers, biofuels, fibers etc.) (Langeveld et al, 2010)

Reference: Naroon Waramit (2012): Developing a Bioeconomy in Thailand
20
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Integrative biorefinery: Global & Thailand progress

More cellulosic More product

feedstocks portfolio
* local * fuel
* ceasonal = chemicals
* logistics * materials
Commercial cellulosic
2000 l 2010 hiofuel plants
v ) . ___._, DuPont: 30 M G/Y (2014)
' Integrative biorefinery
pilot demo Feedstock & Product
variety
JS corn Thailand’s 15t Demo-scale
ethanol Demo-scale acid  cellulosic ethanol plant
hydrolysis of sugar platform: 10,000 L
Brazil cane bagasse for (2014)
ethanol fuel ethanol @
Start of Thai production : %
Reference: ethanol industry (NEDO, Japan)

=1 Conversion of renewable plant

ﬁ
BSI0TEL biomass to liquid biofuels:

Navadol Laosiripojana, Ph.D Verawat Champreda, Ph.D

Thailand technological status
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Biodiesel

Bioethanol

- & PR
Renewable biofuel from chemical
Renewable energy from fermentation modification of vegetable/waste

of sugars to ethanol oils

* Currently, there are 18 major ethanol plants across . Currelntly, there are- 13 biodiesel
the country with total production capacity of plants 'n the country with tD'_[a| actual
656 M liters/year (2012) production of 2.8 M L/d mainly from

palm oil feedstock.

*Feedstock from molasses/cassava/sugarcane juice - Industrial-grade (B5)/ Community

*Available as E10, E20, E85 biodiesel production
AN amylase * Fatty acid methyl ester (FAME)
yeast
MaOH
> _} H S 4
TAG + MtOH —— FAME + Glycerol
iy Lipase
N Cellulase
Hemicellulase Thermal
Reference:
Conversion of renewable plant
biomass to liquid biofuels‘:) Navadol Laosiripojana, Ph.D Verawat Champreda, Ph.D

Thailand technological status 22
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Bio—chemicals

e, "o

Commodity and specialty
chemicals from fermentation

Acetic acid: 14,000 tons/year
Citric acid: 24,000 tons/year
Glutamic acid: 90,000 tons/year
MSG: 270,000 tons/year
Lysine: 50,000 tons/year

Bio-succinic (PTT)

Foo d 3 |\ amytase Bacteria
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? Bio-plastic

Alternative environmentally friendly
materials from bio-based feedstock

* NIA has initiated the national strategic plan for
bioplastic industry aiming for positioning the
country as the “bioplastic hub”

* Primary target: PLA, PHA, and PBS
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Q*:: Biogas

Methane and biohydrogen from anaerobic
digestion

Commercialisation of high rate biogas system in
farms and industries

* 2,300 biogas plants

* 380 million m?3 (equivalent to 188 ktoe)
*Cassava waste water (53%), manure (39%) with

potential substrates e.g. municipal wastes,
POME, and glycerol
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MAIN CHALLENGES AND NEEDS FOR BIOECONOMY DEVELOPMENT
IN THAILAND TOWRDS 2021
Competitive Cost of Material
Clear Protocol Required
More Public Funding for R&D
Preservation and Restoration of Ecosystem

Reform and Update Training Programs to Improve Workforce Skills Needed

» There must be consistency across policies and products sectors, combined
with the political momentum

- Collaboration of all stakeholders to make the Thai bioecnomy a reality

Thailand in the next 10 years

Reference: Naroon Waramit (2012): Developing a Bioeconomy in Thailand
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