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Outline — Today’s Presentation

= Setting the Stage — “Energy System” Context

= Emerging Consensus on Priorities - “Up and Coming” Technologies
= What Impacts Could New Technologies Have?

= Encouraging Technology Concepts and Drivers of Investment

= Energy S&T Initiatives
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Setting the Stage

“Energy System” Context
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Canada’s Energy Flows - 2003
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“Energy Pathways” — Concept, Examples
Alternative Routes to Energy Services

Energy “Pathways”

Energy Source Energy Service
A
Source 1
Source 2 * . Outcome 1
Source 3 .

Potential Technology Priority

E.g., Coal-based (gasification/CSS) to produce hydrogen and supply it to a fuel cell vehicle

Distribution, Fuel Cell Transportation
—> Storage — Vehicle —»»
[motive power]

Coal Gasification Hydrogen
with CCS

E.g., Wind-based, distributed generation to supply electricity to an electric vehicle

wind wind Elect Trans & Electric Transportation
— Turbine — Distribution — vehicle — [motive power]
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Technology Solutions At Hand,
Better Ones In The Making

= First action — put today’s best “on the shelf” technologies to use - ASAP

Power Station CQR
= Accelerate work on three categories of “up and s .,

\ h
Enhanced "

coming” technologies - solutions “in the making” Naral| ol recoury

gasio
pipeline

» “emerging” technologies almost ready now
— CO, capture and storage, cellulosic
ethanol

—> need commercial-scale projects, codes &

standards

» “next generation” technologies —
gasification/oxyfuel clean coal, electricity storage,
hydrogen/fuel cells in transportation, hybrids and
EVs

—> need R&D, demonstration, networks,

pre-competitive collaboration

» “transformational” —“zero emission” coal, “next
generation” nuclear, gas hydrates, fusion power
—> need basic research \
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Emerging Consensus
Promising “Up and Coming” Technologies

National Advisory Panel on Sustainable Energy S&T Priorities
Canadian Academy of Engineering (Phase 2)
Energy Dialogue Group (18 Industry Associations)
Council of Canadian Academies

Energy Technology Working Group (Federal-Provincial)

—



Compilation of Stakeholders’ Priorities
Emerging Consensus - Examples

: | Canadian
Ndat!ona Academy of Enlergy Council of
Pane (Phase 2) Group Academies
Gasification Gasification of Coal and Clean Coal Clean Fossil Energy
Biomass Technologies
Carbon Capture and CO, Capture,
Storage Transportation, Storage
and Use
Oil Sands Energy recovery

Conventional Oil and
Natural Gas Propane

Methane Hydrates
Artic/lUnconventional
Natural Gas

technologies
(oil sands, gas hydrates)

Bioenergy

Biomass
Ethanol

Clean renewable energy

Electricity transmission,
distribution and storage

Cross-Canada electrical
highway, access by
renewables

Hydroelectricity
Wind

Nuclear
Geothermal

Fuel cells

Hydrogen and Fuel Cells
Sustainable Communities

Fuels Cells, Hydrogen




Priority Technologies, Three Tactics
Energy Technology Working Group

Energy Security Economic Enviro.nme.n.tal Socigl N
Prosperit ustainabilit Responsibili
F/P/T Discussion - Consultation with Industry & Technology Experts

World Leader

Oilsands & Heavy Oil

Adapt & Lead in Development Adapt & Use

Efficiency in Industry
Efficiency in Transportation
Wind Energy
Solar & Geothermal
Conventional Oil & Gas

Hydro
Clean Coal
Solid Oxide Fuel Cells
Ocean Energy
Buildings and Communities

CO, Capture and Storage
PEM Fuel Cells & Hydrogen

Nuclear Fission

Bioenergy CNG & LNG
Unconventional Oil & Gas Water in Energy Production
Cogeneration and CHP Energy Storage

Grid Integration Electricity Transmission

Technology Development
Opportunitiesp Funding Source
e L P

erships & Networking




Electricity Generation Technologies
IEA Energy Technology Perspectives, 2006

Technologjies 2010 2020 2090 2040 aos0 sk ﬂsu
Large Hydro r— Hydro [small & largs]
Bicmass
Geothermal
Wind Power — Wind [onshors & ofshor]
Solar photovoliics

Cencanfrating solar power

Ocean Energy — Qcean ensrgy
Cormbined cycls [nahural gas]

Advanced skam cycles [conl)
Integrated Gasification Combined Cycle fcoal)

Fuel Cells —_— Fusl Call

(LS Advancad steam cycle with fuegas
separation | ool
CCS Advancad m?m & with exyfusling
£co

CCS-IGCC —, | Mgl Cofdin Gabind

CC5 Chemical absarption Hue-qas
saparation [nl:rh.JrPru| gm]a-g

Cost-Competitive Now = [ e e P

Ready for Demo the govermment supportfor dsployment

RD&D — L
* Estimated Impact by 2050 of More Than 1 Gt/year




Hybrids  —»
Hydrogen
Fuel Cells =—>

Biodiesel =—>

(Biomass
to Liquid)

Ethanol
(Cellulosic)

Hydrogen =—>

Transportation Technologies and Fuels
IEA Energy Technology Perspectives, 2006

Technologies

Reduction in 2050

2010 Gt COyfyear

2020 2030 2040

2050

Transport -
vehicules

=8
)(..

Vehicle fuel economy improvements
{all existing modes and vehicle types)

12 %

Hybrid vehicles

14 %

Ethanol flex fuel vehicles

0 fenabling]

Hydrogen fuel cell vehicles

Non-engine technologies

1.8

Transport - fuels

Biodiesel (from vegetable oil]

0.2

Biodiesel (biomass to liquids)

0.6

Ethanel (grain/starch)

Ethanol (sugar)

|

Ethanol (lignocellulosic)

07

Hydrogen

07

Cost-Competitive Now —

Ready for Demo

RD&D

ﬁ
ﬁ

the stage when the technology is cost-competitive without specific COs reduction incenfives

the govemment support for deployme

the R&D skage

* Estimated Impact by 2050 of More Than 1 Gt/year



Industrial Technologies
IEA Energy Technology Perspectives, 2006

Technologies

Co-generation fechnologies

Mator systems

Steam systems

Energy efficiency in existing basic materials
prn?;.lcﬁnn processes
Process innovation in basic materials
production processes
Fuel substitution in basic materials
production processes

Materials/product efficiency

Feadstock substitution

CO; capture and storage

Cost Com P CSILAZER )\ [ ) VAN the stage when the fechnology is cost-competifive without specific CO, reduclion incentives

Ready for Demo

RD&D NG the R&D stage

* Estimated Impact by 2050 of More Than 1 Gt/year



What Impacts Could New

Technologies Have?
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NRTEE’s Projections of Possible GHG “Wedges’,
Major Contributions from Energy Efficiency,
Renewables, CO, Capture and Storage

GHG Reduction Diagram for Canada - Aggregate Wedges

NRTEE, 2006-06

1,400
Megatonnes oCO2 Energy
Efficiency,
1,200 .
Conservation
1,000
Cogeneration
800
Renewable
600 Electricity
Biofuels,
400 ~
Alt. Fuels
200 CCS
(1]
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
= Tanget o Carbon Captune m MNuclear O Biofuels and alt fuels
m Renewable Electricity m Energy Intensity = Urban Form O Cogenaration

B Energy Effand Consenation 0O Residual

NRTEE Report: Advice on a Long-term Strategy
on Energy and Climate Change
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NRTEE
Impacts of Selected Technologies

NRTEE-Estimated Impact
(includes technology competition)

CO, Capture and Storage
_~Transportation - Freight Vehicle Efficiency
Oil Sands Emissions Intensity

MM  _~ //Electricity — Cogeneration |

will .~/ Electricity - Wind

200

180

S
S 120 i i ici i
GHG " I 'I‘ Transportation — Passenger Vehicle Efficiency
@
o — H —
Impact = "N 2/ // Transportation — Ethanol Fuel
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Technology Area
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IEA Energy Technology Perspectives — Phase |
Actions - RD&D, Demonstration

GHG Impact of Up and Coming Technologies

Electricity — Advanced Nuclear
CCS — Industrial Applications
Electricity — CCS, Flue Gas Capture

N
|

Industrial Efficiency

'~~~ _~~  Electricity — CCS, OxyFuel
N Electricity — CCS, IGCC
GHG < 7] Transportation — Hydrogen
Impact § ** ~~ Transportation — Lignocellulosic Ethanol
g af Transportation — Hydrogen
(Mt) & o7 Industrial Feedstock Substitution
|
|
|

< = O O N N Y Q O & (@] O
& & O‘F\Q & 0&(\ OQ}\\ o&(\ S ° c}é &8 & x({ s F o@{é\ o
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Impact of New Transportation Technologies
Fuel Cell Vehicles and Plug-In Hybrids - IEA

FCV:  PHV:  PHV:*
FCV: PHV: PHV: *
+$2500 +3$3500 +$3150/car 455005500 +$3500-7700 +$3150-7000/car
100% -
00% - BN B B B = Plug-in hybrid
80% - P S B :
S \- FC H2 gas.
FEETET B W - . .
22 X
©F  60% |- e = Elec.
O =
- O o 4t L B
5o 50% |
> = m Biofuels
ST 40% 11— S
>
o> 30% A1l \
o 3 0 = Diesel
D™ 200 1 \
10% -+ e . SRR Gasoline
0% * Plug-in hybrids may
TECH PIUSTECH PIU§TECH Plu TECH PIUSTECH PIUSTECH Plus compete in 2050 with
noPHV | PHV |PHVIlowe noPHV | PHV |PHV lower, FCVs (very sensitive
cost cost to assumed future
2050 USA 2050 World vehicle costs)
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Encouraging Technology Concepts

Drivers of Investment
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New Energy Sources Are Nothing New
Canada’s Energy Mix — 130+ Years of History

Energy Supply Sources

= Energy mix is driven by

Energy _
resource endowment, Supply /Blomass
government intervention, Source
new technologies, new infrastructure (%)

Petroleum
= Energy mix is always changing,

occasionally suddenly, as
new commodities become available ‘)\,

Per Cent .

atural Gas

= Canada’s energy history
shows a progressive evolution
of energy sources — never a 0

1871 1891 1905 1920 1935 1950 1965 1980 1996 1999 2002

m 0 re d iVerS e m i X th an n OW Petroleum Natural Gas Coal ~Hydro Biomass

= Projections show a much
more diverse mix in the
future
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Integrated Energy Systems

Coal Rank:
Bituminous

Sub-
Bituminous

Lignite

Gasifier

Gas

Polygeneration - Vision for the Future

Separation
| _ and
cleaning  .snyersion

Ultra-clean Fuels

Gas-to-Liqui

ds ™petrochemicals

Methanol

Plant

Olefins
—» Petrochemicals
Clean fuels

Hydrogen

plant

-~ » Hydrogen

CO, pipeline

Plant

Canada’s Natural Resources — Now and for the Future

Plant

Clean

Power

—

Synthetic
Natural
Gas

!”””!”l! — Fertilizers

— Electricity
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A Bio-Refinery System

Fully Integrated from Feedstock to Products

Biomass
Feedstocks

Trees
Grasses
Agricultural Crops

Agricultural Residues

Animal Wastes

Municipal Solid Waste

Bioconversion
Biorefinings

Enzymatic Fermentation
Gas/liquid Fermentation

Acid Hydrolysis/Fermentation
Gasification

Combustion

Co-firing
Extraction-purification

Fuels:
Ethanol

Renewable Diesel

Electricity

Heat

Chemicals

Plastics

Solvents
Pharmaceuticals
Chemical Intermediates
Phenolics

Adhesives

Furfural

Fatty acids

Acetic Acid

Carbon black

Paints

Dyes, Pigments, and Ink
Detergents

Materials

Food and Feed

Mark Stumborg, P.Eng., Agriculture and Agri-Food Canada, Swift Current, Saskatchewan

Canada’s Natural Resources — Now and for the Future
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A Grid—Integrated, Clean
Distributed Power Generation System

Distributed Generation and Storage Interconnection and Testing Technologies Electric Power Systems

Microturbine

Electrical
Distribution System

Paralleling /
Transfer
Switches

Fuel Call

i)i iy

Load Banks

Electrolyzer

Reciprocating Surge Tester

Engine-Generator St

Generation, Control Distribution
Storage



Drivers for New Technologies
Upcoming Investment Cycles

= Example in Electricity Sector: MW to be
Capital Replacement, New decommissioned
Capacity To Match Demand —
. . . . 16000 f 5 o 5 *
= Existing coal-fired generation ; 16,000 MW o —% 7
assets are aging g% | s
§ 12000 | 0 B
= Assuming a 40-year life, about | Eo000 | 10,000 MW
50% of today’s capacity will T — v
have reached economic maturity | soo0 | wy
by 2015 in Canada R 2 2ol |
~ 4000 | 4,000 MW RCE
= Defines the "natural cycle" for 2000 | - 20515
industry to invest obitoe®? P
1995 2000 2005 2010 2015 2020 2025 2030 2035
2000 Replacement Year 2030

= Large investments ahead, with
several technology options

(Source: Pearson, 2006)
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Energy S&T Initiatives

NRCan
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NRCan Initiatives in Energy S&T
Federal Programs, Labs, International

NRCan — Office of Energy Research and Development NRCan - CANMET Energy Technology
(OERD) Centre (CETC)
» Strategic planning, horizontal funding and governance « Leading Canadian performer of energy
mechanism S&T
» Delivered through twelve federal departments and « Labs in Varennes — QC, Bell’s Corners —
agencies, including all four_sectors in NRCan ON, Devon - AB
 Technology Early ActionzMeasures (TEAM) - demos « Technology research, development
* Bilateral and multilateralinternational linkages  International engagement, networks
* Provide platform-for_ climate change technology « Technology road-mapping
initiatives

* Federal-provincial technology committee
International Collaboration
- Igtegnational
Enérgy Agency!
e APEC
* European Uaion
CETC Varennes - Bilateral grojects
USA, India;
China, Europe

CETC Devon

CETC Ottawa
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New ecoEnergy Technology Initiative
NRCan’s Energy S&T Priorities

.. Our real challenge is to be a clean energy superpower. To do this, we must address the fact that the

greatest source of untapped energy is the energy we waste. We must also increase our use of
renewable energy and develop the S and T to make conventional energy cleaner."

eCcOENERGY Technology Initiative announced, along with parallel initiatives in renewables, energy
efficiency

Three ecoENERGY Tracks
-Increase energy efficiency
-Clean sources of supply
-Reduce impacts of fossil fuels

Key priorities identified, to be confirmed through consultation with industry, provinces

- CO, Capture and Storage - Renewable energy, other clean energy sources
- Clean Coal - Next generation nuclear - GenlV

- Clean QOil Sands Production - Energy efficient industry

- Bioenergy - Advanced vehicles — Hydrogen, pHEVs

- Clean Buildings — Zero-Net Buildings

Targeted investment of $230m in research,
development and demonstration of

clean energy technologies eCOENERGY €COENERGIE

Using Less « Living Better ensemble pour faire plus avec moins
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Some Closing Observations
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Energy Innovation, Science and Technology
Main Messages Today

Think “energy systems”, not one technology in isolation

Experts are saying - be selective, address both energy supply and
energy end-use, partnerships are key

Energy mix is evolving in the right directions — more diverse, more
distributed, greener

Promising “up and coming” technology solutions in the making
— consensus Is emerging on technology priorities

Widespread commitment to technology — industry for new capital
Investment, ecoENERGY initiatives, provincial initiatives

Technology and innovation offer one promising pathway to
achieving policy goals
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Graham Campbell

graham.campbell@nrcan.gc.ca

613-995-8860
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