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Defining the Big Switch

To support net zero, household energy use will shift away from [[ENGIL L
and toward electricity

Average household share of energy consumption by type

23% 24% 28% 39% 57% 82% 96%

Natural gas

Gasoline
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All roads to net zero pass through electricity
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Studies consistently show
that electricity underpins
economy-wide emissions
reductions

Making electricity
non-emitting is an
important source of
GHG reductions itself
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Failing to set up electricity
systems to support broader
net zero undermines the
achievement of that goal

Fuel switching away from
fossil fuels to electricity
(e.g., by adopting EVs for
transportation) is one of the
most impactful solutions
available

Aligning electricity
systems with net zero
can help mitigate
climate change,
create jobs and drive
economic
opportunities for
Canada



Transforming electricity systems
will enable clean growth opportunities

Canada's non-emitting electricity sector is well-positioned to profit in the global low-carbon

transition
Immediate 1.5-degree

Low-carbon power

Solar and wind equipment Delayed 2-degree

Batteries & storage

Uranium

Mining and mineral products
Dowstream & midstream oil & gas
Auto manufactoring, parts etc.
Chemical, plastic and rubber materials
— Not yet transition-ready

Airlines

0il & gas exploration & production

High-carbon power

-100% 0% 100% 200% 300% 400% 500%

Difference in profitability versus baseline scenario

@ Samson et al. (2021)


https://climatechoices.ca/wp-content/uploads/2021/10/CICC-Sink-or-Swim-English-Final-High-Res.pdf

Transforming electricity systems
will enable clean growth opportunities

]
On the path to net zero, [ UGV TE FERS GTET R T B TTA EE o
see the most jobs growth
Labour required (number of full time equivalent jobs averaged across studies)
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Wind Solar Storage Nuclear and distribution  Hydro with CCUS renewables
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O.': Source: Stiebert(2022). *Growth in labour required in the nuclear sector is attributed to the uptake of small nuclear reactors. There is a
L d significant divergence between studies in the labour required to support nuclear power, due to their diverging findings around the role that

small modular reactors will play in the transformation of Canada’s electricity systems.



A focus on the supply-side of Canada’s big switch

T .

Demand-side implications Supply-side implications
Increasing use of Increased production of clean electricity to:
technologies like electric 1) replace unabated coal

vehicles

and natural gas power plants
and heat pumps

2) meet growing need for clean electricity

Our scope: A focusonsystems



Our Approach: The what and the how
of electricity system‘transformation ‘
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TECHNICAL PATHWAYS
TO ALIGN CANADA'S
ELECTRICITY SYSTEMS

WITH NET ZERO




Introduction

OBJECTIVES

4 Describe the key ways 4 Summarize existing
electricity systems in findings and knowledge by
Canada must transform from synthesizing recent major
a technological perspective, studies, in consultation
to support economy-wide with experts and thought
net zero by 2050 leaders



TO ALIGN WITH NET ZERO,
ELECTRICITY SYSTEMS MUST BECOME:

BIGGER,
CLEANER,
SMARTER




BIGGER

MEETING THE DEMAND CREATED BY
WIDESPREAD ELECTRIFICATION




BIGGER
Boosting capacity to meet growing demand

On the path to net zero, | installed capacity must grow substantially
Studies show capacity will be 2.2 to 3.4 times larger by 2050 relative to today
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CLEANER

GROWING CLEAN ELECTRICITY SOURCES,
PHASING OUT POLLUTING SOURCES, AND
MAINTAINING EXISTING NON-EMITTING SOURCES




CLEANER
Phasing out unabated fossil fuel generation

On the path to net zero, unabated fossil fuel generation must be phased out
Studies show that unabated fossil fuel generation will reach at most 14 TWh in 2050, or 1% of total generation
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CLEANER
Boosting supply from variable renewable energy

On the path to net zero, most new capacity to 2030 must be Mand solar
Studies show that by 2030, 63-96% of new capacity additions will come from solar, wind, and

storage

25% 50% 75%
DSF 2022

Jaccard &
Griffin 2021

EPRI 2021 l




CLEANER

Hydro and nuclear play a steady role, otherwise other non-emitting sources must grow faster

On the path to net zero, multiple sources of clean electricity displace fossil fuels

Studies illustrate a range of possible generation mixes

| Wind | [ Nuclear | | Natural gas with CCUS|
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SMARTER

ENHANCING SYSTEM FLEXIBILITY TO SUPPORT
VARIABLE SUPPLY AND BOOST RESILIENCE
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SMART E R SUPPLY-SIDE
Importance of system flexibility SOLUTIONS

Maximizing the flexibility and predictability
of variable renewables

Optimizing existing hydropower resources
to complement variable supply

Deploying emerging sources of non-

Smarter electricity systems can support more emitting, dispatchable power
variable renewables and improve climate resilience

DEMAND-SIDE

8 0 GRID
I A flexible electricity SOLUTIOHS SOLUTIONS
. nhancing . .
system is one that can o .  magreton
flexibility

across regions

manage variability in
supply and demand in
areliable, cost-
effective manner

STORAGE SOLUTIONS

Deploying short-term
grid-scale storage

N

Deploying long-term
grid-scale storage



CONCLUSIONS
What aligning electricity systems with net zero means for Canada

Meeting net zero goals Transforming Governments in
requires electricity electricity systems partnership with
systems to become bigger, to support net zero Indigenous Peoples
cleaner and smarter is complex but have driving rolesin
(i.e., more flexible) achievable these transformations



Canada’s electricity systems need to get ... <@

Electricity generation

capacity needs to grow 3-75 of
2.2 to 3.4 times bigger on compared
than today toda

SUPPLY-SIDE
SOLUTIONS

STORAGE
SOLUTIONS

2010 2020 2050
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KEY CHALLENGES AND
POLICY SOLUTIONS
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The stakes in transforming Canada’s electricity system

. Acting early with smart policies . Strategic action today can
can significantly reduce overall enable clean growth
costs and make achieving net opportunities
zero easier

. If pursued with justice and . Catalyzing Indigenous
equity in mind, electricity participation and leadership can
system transformations can support Indigenous self-
contribute to a fairer society determination and reconciliation

@ 22



Catalyzing Indigenous leadership in Canada’s
electricity systems transformation

\
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Waves of change:

Indigenous clean energy
leadership for Canada’s
clean, electric future

(ICE 222)

FIRST WAVE
2000-2004

Ground-Breaking
Projects Wave

@ Pioneering Indigenous

Projects

& BCRemote
Communities Progra

SECOND WAVE
2005-2015

National Projects
Surge Wave

@ Ontario Green Energy and
Economy Act

& BCIPP Program
@ Cross-Country Projects

@ All Provinces and Territories
Engaged

THIRD WAVE
2015-2020

Project Consolidation|
& Scale Wave

@ Large Wind and Hydro |
Projects i

@ Transmission Grows

@ Diesel Reduction
Intensifies

@ More Clean Energy
Diversification

i@ Bioenergy Increases

FOURTH WAVE
2020-2030+

Clean Energy
Diversification Wave

@ Broad Indigenous Clean
Energy Projects and
Infrastructure

@ Diversified Power Buyers &
Contracts

@ Deep Diesel Reduction for
Remote Communities

(V) Renewable Power for Heating,
Cooling and Transport

@ Demand Action - Energy
Efficiency & Housing

o Integrated Power & Storage

@ Indigenous Clean Energy
Entrepreneurship



https://climateinstitute.ca/wp-content/uploads/2022/02/ICE-report-ENGLISH-FINAL.pdf

FOUR KEY
CHALLENGES

IN ALIGNING CANADIAN ELECTRICITY
SYSTEMS WITH NET ZERO



1 Federal climate policy in the electricity sector is not
currently aligned with net zero goals

¢

Federal carbon pricing for electricity—including the
current output-based approach—is not aligned with net
zero targetsin electricity (2035) or economy-wide (2050)

Clean electricity standard (CES)is in
development, but not yet implemented

25



2 Creating resilient electricity systems aligned with net
zero could put upward pressure on electricity rates

Electricity system Even if rising electricity rates are
transformation will require offset by falling energy expenditures
significant investments elsewhere, rates may increase
Critical context

On the path to net zero, Canadians will spend less
of theirincomes on total energy

@ 26



Energy will become cheaper for Canadians overall...

Projections show that house-

Bo_ttom 200/? I MiddIeBD%_ —_— TO_p 20% T holds across all income groups
of income distribution of income distribution of income distribution in Canada will see falling overall
— — — energy costs as a share of

10% of income income — even as their use
; ~ MAX of electricity rises.
*\‘ MIN ‘/—\ Share of total er _—
- \‘ M(natural gas,

- gasoline, electricity,

6
4
? - —contlBRRRE [ furnaces, vehicles, etc.)
0

S S — - — . — Share of spending on
2020 2050 2020 2050 2020 2050 electricity alone

The Big Switch can make energy more affordable for Canadians
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2

...but the impact on the price of electricity
may vary from province to province.

Currently relies on:

hydroelectric
generation

thermal electricity generation
(coal, natural gas, or nuclear)

BC AB SK MB

2050 projection (average)19.2
2020 current = J

(estimated) _ -
13.8 =

Average residential electricity cost

(cents/kWh)(SCAD 2022)in CANADA

ON | |oc

18.7
16.8/,-*"/)
’:T/—. 12.2 10.9
_______ —:_74A~~._ J
PEI NL

'NB NS

Electricity rates might modestly increase—or even decline—given the decreasing costs of renewables and storage. But in some regions,

in some scenarios, rates could increase more significantly as Canada modernizes its electricity systems. Smart policy can mitigate

these potential rate increases and help keep electricity affordable for Canadians.

Sources: Dion et al.(2021); Dolter, Winter, and Guertin(2022).
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Provincial policies and institutions are not sufficiently
coordinated to deliver on net zero goals

e

Gaps between existing policy and
long-term targets are likely to persist

Institutional mandates, as they relate to climate
change, are often unstated or ambiguous

Requlators are not in positions to make assumptions
or decisions about governments’ future climate policy

29



[, Thereare insufficient incentives for greater
interregional coordination and integration

Despite clear benefits of integration, provincial and
territorial electricity systems remain largely siloed

A number of factors hinder greater interregional
integration (institutional cultures and mandates,
political and public opposition, inertia)

The benefits of coordination and integration are
clear, especially in the context of decarbonization

30



FLIPPING
THE SWITCH

POLICY RECOMMENDATIONS
FOR ELECTRIC FEDERALISM



Recommendation A

The federal government should strengthen
climate policies in the electricity sector

¢ Strengthen carbon pricing by doing away with
output-based pricing in the electricity sector
and return all revenues to ratepayers

¢ Employ the proposed clean electricity standard
alongside carbon pricing to ensure delivery of
the 2035 target

32



Recommendation B

Federal, provincial, and territorial governments '
should leverage public funds to defray the
costs of electricity system investments

Rationale:

® When benefits are broad, costs should be
borne broadly too

® Electricity systems are 21st century
energy infrastructure

® Taxsystemstendto be more progressive
than cost recovery from ratepayers

@ 33



Recommendation C

Provincial and territorial governments
should flex their policy muscles to
transform their electricity systems

¢ Set their own climate policy through
equivalency agreements

¢ Clarify the mandates of key public
institutions to deliver on climate goals

® Guide the work of these institutions with
comprehensive energy plans and
@ pathway assessments
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Recommendation D

Both orders of government should pursue
greater coordination and integration using
their respective policy tools

® Provinces and territories should work
bilaterally and multilaterally to integrate
their electricity sectors

® Thefederal government can encourage
integration by leveraging its spending
and convening powers

C
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Using electric federalism
to power Canada’s

BIG SWITCH

Provincial and territorial
responsibilities

Federal
responsibilities

Strengthen electricity sector
climate policies

Convene others and financially
supportintegration

Invest in electricity
system infrastructure

Tie federal and provincial
actions together under
NEGOTIATED AGREEMENTS

Implement electricity sector
policies aligned with net zero

Address barriers to
interprovincial integration

Investin electricity
system infrastructure

Mandate climate goals for
regulators, public utilities,
and system operators

Produce comprehensive energy
plans aligned with net zero

36



Negotiated agreements as an accelerator

The federal government
should explore offering
sustained, predictable
support to provinces
and territories to
accelerate electricity
system transformation

|

Federal support could be made
conditional on a number of high-
level policy actions, including:

« Changes to mandates of key
institutions(e.qg. requlators)

e Development of energy plans
and pathway assessments

 Participationininter-
jurisdictional working groups

Negotiated
agreements offer
a practical path
forward in the
Canadian
federation
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Scoping papers and case studies
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CASE STUDY: NORDIC CO- SCOPING PAPER: WAVES OF SCOPING PAPER: ENHANCING THE POLICY OPTIONS: BUILDING ON CASE STUDY: GERMANY'S
OPERATION, CANADIAN CHANGE, INDIGENOUS CLEAN RESILIENCE OF CANADIAN CANADA'S ELECTRICAL ENERGIEWENDE 4.0 PROJECT
PROVINCIALISM ENERGY LEADERSHIP ELECTRICITY SYSTEMS FOR A NET ADVANTAGE e

I o ZERO FUTURE . T e
SHAWN MCCARTHY INDIGENOUS CLEAN ENERGY JASON DION & BLAKE SHAFFER

ANNA KANDUTH & DYLAN CLARK

See:
climateinstitute.ca
/big-switch
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SCOPING PAPER: TECHNICAL SCOPING PAPER: IMPROVING SCOPING PAPER: BARRIERS TO SCOPING PAPER: ENABLING

PATHWAYS TO ALIGNING INTEGRATION AND INNOVATION IN THE CANADIAN BROADER DECARBONIZATION
CANADIAN ELECTRICITY SYSTEMS COORDINATION OF ELECTRICITY SECTOR AND THROUGH ENERGY SYSTEMS
WITH NET ZERO GOALS PROVINCIALLY-MANAGED AVAILABLE POLICY RESPONSES INTEGRATION
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http://www.climateinstitute.ca/electricity

