ICF

INTERNATIONAL

Overview of the Electricity Market
In North America

Joint Public Advisory Committee, Commission for
Environmental Cooperation

March 24, 2010

ICF International. Fassion. Expertise. Results.




NNNNNNNNNNNNN

Outline

Electricity: The Basics

North American Supply
Transmission and Connectivity
Fragmented Energy Policy
Carbon Policy and Energy Mix
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What do we think of when we think about ™
Electricity?
y -
* “The Holes” — Seinfeld Episode 174 | "“.:

* Appliances

« Making our lives easier and more
comfortable

« Simplicity and Reliability

The Reality

« Complexity
« Capital Intensive Infrastructure
* Energy markets S !
- Regulatory oversight ﬂ e ,,?’,hl,l,
« Environmental Impacts
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Electric Power Industry - Unique
Commodity Business

Electricity is a highly valuable commodity:
— Demand is close to infinitely inelastic
— There is no economic replacement (for most applications)

Electricity cannot be stored:
— Converting electrical energy into other forms of energy for storage is inefficient

— Current storage options include: pumped storage, batteries, flywheel,
compressed air and hydrogen

Thus, the generation of electricity must occur at the same time the
electricity is needed to instantaneously balance supply and demand

US Electricity ($352 billion/year)
— Natural Gas ($115 billion/year)
— Oil ($410 billion/year)
— Coal ($34 billion/year)
The software industry—approximately $180 billion/year.
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Electricity is.....

« Electricity is simply the flow of electrons through a conductor

* Conductors have a low resistance to electron flow
* Insulators are the inverse of conductors

« External energy is required to spontaneously force an
electron from an atom and create the necessary flow, or

current
— Hydro (Ubiquitous term)
— Steam
* Coal
« OQill
* Natural Gas
* Nuclear
— Combustion Turbine
— Wind
o SOIar Aberfeldie Hydro, BC.
- Biomass  Rereeion o0 N sae
SK.
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Canadian Electricity Supply — 571 TWh

Generating Capacity (GW) Net Energy Output (TWh)

i %% % Wiﬂd,z, 0% Dtheﬂg, 2%
Wind, 2, 1% - rO‘{herF 1, 1% n\ -

0il, 3, 2%

Sources: Canada National Inventory Report 1990-2007. Table
A9-1: Electricity Generation and GHG Emission Details. Stats
Can. Electric Generation, Transmission Distribution 2007
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US Electricity Supply — 4,065 TWh

Generating Capacity (GW) Net Energy Output (TWh)

Wind, 25, Other, 17, Wind, 43,  Other, 52,
2% \ [ 2% % [ 1%
Nuclear,
- 101,10% Nuclear,
| 806, 20%

0il, 57, 6% R

Oil, 46, 1%

Gas, 397, Gas, 883,
39% 22%

Source: US EIA Independent Statistics and
Analysis 2008 and SNL Financial 2008
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Mexico Electricity Supply — 229 TWh

Net Energy Output (TWh) - Substantial Regionalization
Renewables, — Regions bordering the US nearly
EE A0 entirely fossil existing
) — Newer developments and Resources

include Substantial renewables
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Transmission, Imports and Exports

TWh 2006
Canada to US 41.5 ° Reglonal EX|St|ng Supply
US to Canada 23.4 . . .
Mexico to US 11 * Interties Can Diversify
US to Mexico 0.8 ReSOUI’CGS
Net Canada -18.1
Net US 18.4
Net Mexico -0.4

Existing Regional Supply
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Utility Deregulation: Evolving Competitive Market

Structure

Energy market: Real-time and
Day-ahead Capacity market: NO
Utility divesture: Yes

Y

o

Northwest

Energy market: Bilateral
Capacity market: NO
Utility divesture: NO

Southwest

Energy market: Bilateral
Capacity market: NO
Utility divesture: NO

Energy market: Real-time
Capacity market: NO
Utility divesture: Yes

Energy market: Real-time
and Day-ahead

[
B

Capacity market: NO
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Utility divesture: NO

Energy market: Real-time |
Capacity market: NO Jh

Utility divesture: Yes 2

_I_.-“"'-. --ﬂr]lilr'i-:h "'-: . A ‘e
{ Independent Electricty ) Energy market: Real-time-~fk -
. System Operator and Day-ahead

ey - Capacity market: Yes —| Energy market: Real-

Energy market: Real-time
Capacity market: NO
Utility divesture: Yes

This map was created using

State Owned

Platis POWERmap, December 2007

Note: All the markets have bilateral real-time and bilateral day-ahead markets.
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Electric Utility

- Utility divesture: Yes time and Day-ahead
E—— 4 Capacity market: Yes
& 2 Utility divesture: Yes
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| England |
s 150 4

Energy market: Real-time
and Day-ahead

Capacity market: Yes
Utility divesture: Mixed

~ PIM
Herconmneciion)
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Energy market: Real-time
Balancing \
Capacity market: NO
Utility divesture: NO

SERC/FRCC

Energy market: Bilateral
Capacity market: NO
Utility divesture: NO

REG-_mNAL TRANSMISSION ORGANIZATIONS

Source: FERC 2006 SOM




Renewable Portfolio Standards
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Regional Carbon Market Initiatives likely to ™™™
be Superseded by Federal Climate Policy

@@ 9

WCI Observers

Tamaulipas
Nuevo Leon
Coahuila
Chihuahua
Sonora

Baja California

Saskatchewan

Nevada
Colorado
Wyoming
Alaska

Midwest Greenhouse Gas |

States with stripes have state-specific Reduction Accord (MGA)
GHG reduction goals or mandates. Signed: Nov 2007

Scheduled launch: 2012

ICF International.




R g g

- . ICF

Environmental Regulatory Uncertainty on
Multiple Fronts

2010 - 2012

CAIR (awaiting new
regulation/legislation)

2010 - 2012 2013

Phase Il Legislation/
Rule Promulgation

2010-2011 2012 - 2014 2015
Rulemakin MACT Control Installation .
Mercury ProGess 9 >> oot > MACT Implementation
2010-2011 2012 - 2014 2015
EPA endangerment . CO, Regulatory
finding/Legislation >> €Oz RuleRromulgatian > Implementation
COZ 2009 2012

WCI & MGA Implementation >
Implementation
Other Water, Ash, other
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Monetizing CO, Impacts Build Decisions
and Technology Innovation
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Carbon Fundamentally Changes the
Electric Generation Mix and Carbon Intensity

« Carbon intensity plummets with the expectation of a rising carbon price, which incites investment in
more nuclear and renewables capacity, accelerates coal retirements, and leads to cleaner dispatch

* Total generation declines (by 17% in 2036) as a result of energy conservation measures taken in
response to higher wholesale electricity prices
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Canada’s Generation Mix Achieves a
Substantially Lower Emission Intensity

Capacity Additions (GW)

Currently, policy initiatives are projected to drive a nearly 50%
reduction as capital stock turns over and more investment is
directed toward lower or non-emitting sources
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