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WHAT
“NATURE
PROVIDES:

[ Sources

* Coal

* Qil

* Natural gas
* Sunlight

* Wind

* Uranium

* Biomass

» Geothermal

What is an Energy System?

WeaT ENERGY SYSTEM DEVEIOPERS CREATE: Weaar

A ﬁ'OPlE

-

Harvesting
Technologies

* Oil sand recovery

* Oil Refinery

» Hydraulic fracturing

* Anaerobic digester

* Pipelines

* Coal, gas or nuclear
power plants

 Solar & wind farms

* Large hydro facility

Service Serwces
Currencies Technologies

+ Transportation

+ Automobile « Communication
* Gasoline * Telephone « lllumination
* Diesel « Light bulb « Healthy food
 Electricity » Refrigerator e Health care
* Methane + X-ray machine « Heating/cooling
* Ethanol « Computer » Clean water
* Hydrogen * Furnace « Information

Adapted from “Smelling Land” by David Sanborn Scott

Good?

What’s

v’ High quality of
life for most
Canadians

v Unintended Environmental Impacts:

What’s
not so
Good?

» Climate change > Biodiversity loss
» Air pollution » Water contamination
v Economic costs / energy security concerns

v 2 Billion Un-served; another 4B want more



Per Capita Energy Use
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How can we
transform our energy systems
to maintain (& share) the benefits
but avoid
the unintended consequences?



Canada unique

position in world:

* 0.5% of population,

* 7% of land area,

* Among highest per
capita energy users,

* Export 50+% energy
production.

=

Solutions require:
O All parts of the energy

systems in Canada;
< All Economic sectors;
All Jurisdictions;

Long term thinking;
Behavioural and
structural changes;
Understand all costs,
benefits & tradeoffs

O 000

To understand:

* Past energy systems changes;

* The costs, benefits and tradeoffs of
possible future energy systems;
To inform policy and investment

decisions.

Tools & Approach:

of choices.

O Technology & data-rich,
guantitative models; d CanESS

L Enhanced visualizations
tools in web interface;
L Critical, balanced research

www.cesarnet.ca

Develop the data resources, analytical tools & research community
to inform policy & investment decisions
on transforming Canada’s energy systems to sustainability.



JCan
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O Cdn Energy Systems Simulator (CanESS) Model (from whatlf? Technologies Inc., Ottawa)

L Through CESAR, whatlf? has agreed to make the model available for use, validation,

improvement, publication by university students and researchers;
O In partnership with whatlf?, the model can be used for contractual work.

GoVv’t data sources

ncludes Hundreds

of Energy Systems

Technologies

GoV’t data sources
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10 EJ

Internal combustion
engines: 20-25%
efficient

Incandescent light from NG
electricity: 2-3% efficient

NG furnaces: 80-95% efficient

Coal fired or nuclear power
gen: 32-39% efficient

- s - s .



GE/AR

(www.cesarnet.ca)

Provincial Energy Systems (2010)
BC AB SK

MB ON QC

NB NS NL



Canada’s GHG Emissions in 2010 (~722 Mt CO,e/yr)

Non-Energy Domestic Energy

—1 Energy Systems ‘Levers’:

=  Green power generation
J Enhance electricity’s role
d Improve conversion effic.
. (1 Urban design
%2 [ Building standards
g £  Biofuels -
s 9 O Biological C mgmt
P  C capture & storage E
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Cdn Electricity Generation (Twh)
& GHG Emissions (tCO,e/cap/yr)
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Modeling scenarios to ‘green” AB power gen.




Demand (TWh)

Projected AB Power Demand
(Assumes High Oil Sands Growth)
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<:| AESO Projection | >< | Our Projection |:> SCENARIO

MODELING

Losses
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(| > Phase 1.

Transforming
Commercial the AB Grid:
100 v BAU (Coal)
v NGas
v’ Low C
Other industries
50

1 Phase 2.

Transforming oil
sands recovery
7 v/ NGas-CHP
2010 2020 2030 2040 2050 2060 v  Nuclear-CHP

Off grid (Mostly oilsands)




Supply Scenarios



Why Imported Hydro?

(~55 TWh by 2060)

. Reliable supply with low C footprint

 Untapped potential in adjacent jurisdictions
» BC (116 TWh); NT (102 TWh); MB (31 TWh);

- Energy storage potential (for AB wind & solar);

 Cost effective with long term investment
» High CAPEX, but Low OPEX

J Encourages inter-prov. energy cooperation

» Possible energy corridors (power in, oil & gas out)

14



The GHG Footprint
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Financing the Transformation

>
=

O

=

a

w X BAU

— =

o

°=

oS NGas
o< Low C

©wu

©

2 H

N

©

()]

-  _assinn

*Assumes:

Q Clevy rising from S5/t
CO,e in 2015 to 528/t
CO,e in 2060

O NGas price $3.25/GJ to
S8/GJ in 2060

Cost of Emission Reduction
(S/t CO.e)

A portion of a ‘C
Levy’ would be
used to offset the
high CAPEX cost
for imported

5
g é 2 hydro in the Low
S3 C scenario.
2
w.r.t. NGas
w.r.t. BAU




Greening the Oil Sands
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Closing Comments

1. Movement to sustainability requires an ENERGY SYSTEMS
approach (supply >demand; all sectors, jurisdictions, etc.)

2. Modeling & visualizing past, present and possible future

energy systems scenarios are valuable in:
v’ Identifying challenges and opportunities
v’ Elevating understanding among public & decision makers
v Informing policy and investment decisions

3. Electricity is key: C free + increased role in energy system;

4. There is an important, unfilled niche for distributed, C-
free combined heat and power (CHP). Is this an

opportunity for new nuclear?
v' Modular, safe, mass produced reactors



