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New Opportunities to build a better tomorrow

Overview

» Key challenges (for Alberta)
* Nanotechnology defined
* Nano-enabled biomaterials

 Anticipation and weighing of risk
considerations

* Opportunity to manage public opinion
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Key Challenges
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Nanotechnology
New Opportunities to build a better tomorrow

Key Challenges

Ducks the new symbol of oilsands activism

While the Alberta government and the environmentalists will each
offer their own statistics, from greenhouse-gas megatonnes to river
flow rates, the latest number -- 500 dead ducks in one of Syncrude's
toxic tailing ponds -- has pretty clearly favoured one side of the great
oillsands debate.

BY THE EDMONTON JOURNAL  MAY 4, 2000 > thestar.com <
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Deformed fish found in lake downstream from oilsands
September 17, 2010
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Nanotechnology Defined

Not “nano by accident”

/

“The purposeful engineering of matter at

scales of less thap 100 nanometers (nm)

to achiey/e size-dependent properties and
/functions.”

Really small

Not just “small;” “small
and different”

Lux Research Inc., Nanomaterials State of the Market Q3 2008: Stealth Success, Broad Impact,
July 2008 at p 13



Definition: Nanoparticle

e A nanomaterial with size £100nm in 3

dimensions
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The Top Down, Bottom Up Dichotomy

Top Down
(Breaking Down)

Bottom Up
(Piecing Together)

Dry milling to create
nanoscale materials with
enhanced properties

Nano-filtration/Molecular
sieving for purification

Supercritical fluid
techniques

Nano Sensors

Novel encapsulation
systems/Smart delivery

Molecular self-assembly to
create functional materials
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Market Potential

* Lux Research estimates of the global market for goods
Incorporating nanotechnology -

« 2005 - $32B
« 2007 - $147B
« 2015 - anticipated market: $3.1T

 Number of nano-based products on market (and patent filings) have
rapidly increased



New Opportunities to build a better tomorrow

Alberta’s Commitment to
Nanotechnology

« Alberta Nanotechnology Strategy, May 2007

« $130M/5y — expand research capacity and
develop new commercial applications to support
Alberta’s traditional economic strengths

« Goal: Capture $20B market share of world’s NT
market by 2020



Nanotechnology
New Opportunities to build a better tomorrow

http://www.nanotechproject.org

Marketed Nanotech Products

Total Products Listed




A Few Examples
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New Opportunities to build a better tomorrow
Sectoral Relevance of Nanotechnology

Auto Industry
*| ightweight constructions
*Paint & exterior coatings
*Catalysts
*Tires
*Sensors
*Coatings for windshield &
body

Chemical Industry
*Paint fillers
*Composite materials
*Impregnation of paper
*Adhesives
*Magnetic fluids
*Water purification and soil
remediation tools
*Pesticides & herbicides

Engineering
*Protective coatings for
tools and machines
*Lubricant free bearings
*Machine ceramics

Electronics
*Displays
*Data memory
*Laser diodes
*Fibre optics
*Filters
*Conductive, anti-static
coatings

Construction
*Materials
*|nsulation
*Flame retardants
*Surface coatings for wood,
floors, stone, tiles, roofs etc
*Mortar

Recreation
*Ski wax
*Tennis rackets/balls
*Golf clubs
*Anti-mildew coatings for
boats
*Anti-fog coatings

Textiles
*Surface coatings
*Smart textiles

Energy
*Fuel cells
*Solar cells
*Batteries
*Capacitors
*Fuel additives

Household
*Ceramic coatings for irons
*Odor removers
*Cleaning products

Food & Beverages
*Packaging materials
*Sensors for storage life
*Additives
*Clarifiers (juice products)
*Nutrition delivery systems

Medicine
*Drug delivery systems
*Rapid testing systems
*Antimicrobial agents
*In-vivo diagnostics/sensors
*Contrast medium
*Prostheses and implants

Cosmetics
eSunscreens
*Lipsticks
*Skin creams
*Toothpaste
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Nanomaterials

* Properties of nanomaterials are diverse due to
many possible permutations of chemical
composition, size, shape, surface area

* The physical, chemical and biological properties
of many nanomaterials differ from those of the
the bulk material.

* Nanomaterials may have unanticipated
behaviours in environmental and biological
systems.

http://www.scienceadvice.ca

SmALL 15 DIFFereNT: A SCIENCE PERSPECTIVE ON
THE REGULATORY CHALLENGES OF THE NANOSCALE

The Expert Panel on Nanotechnology



Materials of Interest to Regulators

Fullerenes (C60) Aluminum Oxide
Single Walled Carbon Nanotubes Cerium Oxide
Multi Walled Carbon Nanotubes Zinc Oxide
Silver Nanopatrticles Silicon Dioxide
Iron Nanoparticles Polystyrene
Carbon black Dendrimers
Titanium Dioxide Nanoclays

OECD Working Party on Manufactured Nanomaterials
Priority Testing List




New Opportunities to build a better tomorrow

Key Question: Are nanomaterials safe?

 Each nanomaterial must be evaluated on a case-by
case basis

« Material characterization is critical first step

 Overall experience with toxicology testing of carbon
nanotubes raises many issues



LETTERS

Carbon nanotubes introduced into the
apdominal cavity of mice show asbestos-
ike pathogenicity in a pilot study

CRAIG A. POLAND', RODGER DUFFIN', IAN KINLOCHZ, ANDREW MAYNARD?,
WILLIAM A. H. WALLACE', ANTHONY SEATON*, VICKI STONE®, SIMON BROWN',
WILLIAM MacNEE" AND KEN DONALDSON'™

'MRC /University of Edinburgh, Centre for Inflammation Research, Queen’s Medical Research Institute, 47 Little France Crescent, Edinburgh EH16 4TJ, UK
ZSchool of Materials, University of Manchester, Grosvenor Street, Manchester M1 7HS, UK
Woodrow Wilson International Center for Scholars, 1300 Pennsylvania Avenue, NW, Washington DC 20004-3027, USA
“Institute of Occupational Medicine, Research Avenue North, Riccarton, Edinburgh EH14 4AP, UK
5School of Life Sciences, Napier University, Colinton Road, Edinburgh EH10 5DT, UK
*e-mail: ken.donaldson@ed.ac.uk
nature nanotechnology |VOL 3 | JULY 2008 | www.nature.cym/naturenanotechnology
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Intra peritoneal exposure of mice to long multi-walled CNTs
resulted in asbestos-like, length dependent pathogenic
behaviour

Important because research and business communities
continue to invest heavily in CNTs for a wide range or
products under the assumption that they are no more
hazardous than graphite.

Need further research and great caution prior to introducing
such products into the market if long-term harm is to be
avoided.
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July 2007

 Determine if existing
practices for handling,

WHERE DOES treating, storing and
oy disposing of bulk forms of

bodogs solid wastes are

appropriate for nanoscale
wastes of the same
chemicals.

http://www.nanotechproject.org




New Opportunities to build a better tomorrow

Forest and Agricultural Sectors in
Canada

« Commodity based industries hit by worst
recession in generations

* |Increasing global competition

» Obvious opportunity to integrate bio-product
opportunities within the industry’s traditional
operations.

* The game is changing; technological
solutions are needed.



New Opportunities to build a better tomorrow

Nanotechnology Opportunity
Assessment

* |f you had $100M to invest in Alberta, on
one large scale initiative in the broad area of
nanotechnology, what would you invest In?

« Bear in mind that Alberta aims to:
« Diversify its economy;

« Become a world leader; and

e Accrue durable benefits to Alberta



“Nano-Enabled Biomaterials”
Extracting Value from Alberta’s Vast Biomass Resource

e Biomass Conversion — nano-enabled manufacture of chemicals,
polymers and value-added materials from renewable biomass
(biofuels + co-products).

e Programmed Assembly of Biomaterials — incorporation of
biological tools to create functional membranes, biocatalysts,
smart surfaces, sensors, electronics or photovoltaic devices.

e Liberation of Naturally occurring bionanomaterials — extraction
of nanoscale biomaterials from natural sources (e.qg.
nanocrystalline cellulose, nanofibrillar cellulose from
plants/algae).



Why? ...
Environmental Stewardship & Sustainability

Technologies/

Attributes
Disciplines
Hyd rocarbon
Chemistry _/ Functionality
Engineering Price
Nanoscience Supply

eV J Food | Materials |

Functionality

Chemistry Price
Engineering Supply
Nanoscience Renewable
Genomic.s Sl Carbon Neutral
Proteomics

Synthetic biology

Adapted from Alberta Ingenuity Fund Retreat, August 2008



ETC Group, Canada

e Corporate enthusiasm for
“biological engineering
revolution.”

* G@Greener, cleaner post-
petroleum future?

e “Sugar Economy” will be
catalyst for corporate grab on
all plant matter.

http://www.etcgroup.org
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Main Policy Challenge

Maintaining public trust

Opposition to oil sands exploitation on one hand and
nanotechnology, genomics, synthetic biology on the other

System is complex; expect that something will go wrong
Public trust is not unconditional

Need a sound strategy to develop science to inform the
multiple layers of the debate

Difficult given that we can’t identify the base materials or
the potential products at this time.



Regulatory Implications of the State of the Science

We can’t effectively measure NMs in air and in other
matrices; limits ability to assess risks

We don’t understand safe levels for existing
nanomaterials; this precludes standard setting

Slow pace of scientific research could slow the regulatory
process and create greater risk for early nanomaterial
market entries

Layering genomics and synthetic biology into the
regulatory discussion further complicates matters



Opportunity to Manage Public Perception

Low public understanding of nanotechnology

— 71in 10 U.S. adults have heard little or nothing about nanotechnology —
Canada is similar

More optimism than pessimism, especially in areas where environment
or human health are expected beneficiaries

But here the challenge is great, the potential societal benefit is high

We need to carefully assess and manage risks and clearly communicate
the potential benefits to maximize chance of success

A clear understanding of recycling and waste management issues is key
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So what?

* Nanotechnology, like all technologies has
potential risks and benefits

* Need to proceed responsibly to reap the
benefits and mitigate risk

« Stewardship is key
» Alberta has an opportunity to lead the way



