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Widespread electrification enables
achievement of net zero
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Electrification requires a bigger system

Projections of electricity generation across net zero studies in Canada
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Projections of installed capacity across net zero studies in Canada
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Enabling electrification requires policy
Intervention

* Ensure consistent targets and mandates e

Technical pathways to aligning

across provincial govts, utilities & regulators, eSS

of provincially-managed ‘_'ell ctricity

in Canada
Electricity is a cornerstone of Canada's pathway to net zero emissions. Fromn a national perspective,

u
‘Canada is well ahead of the global curve in terms of low-emitting electricity. However, the national
average masks considerable heterogeneity at the provincial level 1) low-emitting hydroelectric and 3
nuclear-based provinces (B.C, Manitoba, Quebec, Newfoundland and Labradar, and Ontario) and 2) By Pierre-Olivier Pineau
fiossil fuel-based provinces (Alberta, Saskatchewan, New Brunswick, and Nova Scotia). Getting to net Chair in Energy Sector Management

‘Iﬁrﬁﬁhg mtegn and ¢oordinat

zero thus requires a careful kook at the challenges and opportunities at the provincial level. This white HEC Montraal

paper highlights the following five key technology pathways to decarbonizing electricity systemns in

Canada and discusses policy and economic challenges and takeaways for each: variable renewable

energy; clean firm supply; transmission; enhancing demand flexibility; and storage. EXEC Utl Ve summary

The dversity of electricity sectors acrozs Canada = manifoid. On the surface, prices range from

u | ||
) 7t 16¢/kWh, and average consumption more than doubles from one provinee to another. But
. | ntrﬂductlﬂ n deaper differences result in almost disconnected markats. Market structures widely vary in verti-
cal integration leved, in ownerzhip {from public to private), and in competition level in generation
On June 23th, 2021, the Canadian Net-Zero Emissions Accountability Act (Bill C-12)' received roya and retail While cost-of-service regulation {in transmission and distribution) and tariff design are

assent, becoming law in Canada. This bill defines the transparency and accountability regard- mestly similar in all provinces, aach one has its own regulatory body that, by mandate, ignores

ing Canada's now-legiclated target of achieving net zero emissions by 2050. Electricity will be a what iz going on in other proviness. Such 2 landscape creates uneven and seif-ce
cormerstone of getting to net zero for two reasons. First, the generation system must be cleaner, cial slectricit

ered provin-

y markets that are not designed to collaborate and, consequently, are poorly posi-

if not entirely non-emitting, to reduce the direct emissions from electricity. Second, more parts ticned to support an efficient desp decarbonzation of the sconamy.

| u
of the economy—from transportation, to buildings, to industrial processes, and more—must
. . - R . B _ 3 A iry ni% situsl a— thi o itime ciRnev aains th -
switch to using electricity as their energy input. This makes the first component—decarboniz- Ackcl i this sitisation opere: On thiree hey oppartinitieseconoimic efliciency gein the pot
L ing the electricity systern—all the more important. tial to integrate renewakbles energy, and improved reguiation to support innovation. These oppor-
% can be seized through a greater collaboration among provinoes, to work towards a mare

This paper focuses on the first challenge: making the electricity system cleaner. On that front,
Canada has a head start against its global peers (Figure 1). Canada's electricity sector has one
of the lowest emission intensities worldwide, a legacy of large hydroelectric resources coupled

ty sector. Such integration would foster more trade, which will be even more

benaficial when larger capacities of intermittent

enewable energy are connected to the network.

Hydro power reservairs from Britsh Columnbia, Manitoba, Quebec and Newfoundiand and Labrador

with significant use of nuclear power leading to a relatively clean system... nationally.

b a'S e d a- p p rO a.C h fo r e I e Ct ri C i ty I ST £ O S R
» Adopt targeted policies for electrification i
) P u rS u e g reat er i n teg rat I O n Of p I a'n n i n g EnablinghoaderbrboniZa |0 throuh

Energy Systems Integration

By Dr. Madeleine McPherson, University of Victoria 3y Dr. Sara Hastings-Simon, University of Calgary
With contributions from Madeleine Seatle, Robert Xu, Lauren Stanislaw, Tamara Knittel. Contributing Author: Anna Kanduth

Executive summary Introduction

The conversation around decarbonizing Canada's energy systems is shifting, from one that was . . . .
focused on displacing fossil-based generation in power systems to one that encompasses the Rpres et rha ark
ntury since the first mass mark ect )
breadth of demand sectors and the broader economy. Canada has found itself at the forefront R 3
3 i of tricity has grown dramatically in that pericd.
of the power system decarbonization curve, owing in large part to substantial hydre endow- : 3 S
e elect d—the maj

oY)

em. It has been

81, and the role

any ways, the underlying structure

generation is provided by la

ments, while other jurisdictions have been focused on implementing supply-side decarboniza-
tion policies, Canada was afforded, in some sense, a head start. Where carbon-intensive sources
remain on the supply side of Canadian power systems, policies including pricing carbon {carbon

r and fossil re:

rces, anc generation is

tax, output-based performance standard, cap and trade), coal phase-outs, and gas power plant
performance standards, among others, have been announced or are in effect. However, a lo
bon power supply is insufficient as a standalone measure to achieve decarbonization targets

S a net zero energy
uirements. The first is serving

wW-Car-

ses, includ

Now, focus must turn towards leveraging clean electricity to decarbonize the other partsof the
energy system that continue to rely on fossil sources: transportation, buildings, and industry.

Energy systems integration (ESI), and the related concepts of electrification and sector coupling,

C A N A D | A N | N S T I T U T E FO R is a framework that expands the scale and scope of decarbonization efforts beyond the power
' sector. Defined broadly, “Energy Systems integration (ESI) is the process of coordinating the 3
operation and planning of energy systems across multiple pathways andbr geographical » Increase zero emissions supply (such as wind, solar, hy

C L I M AT E C H o I C E S scales to deliver relioble, cost- effective enargy services with minimal impact on the environ- » Manage and shift supply (for example, through st

¥ J "Malley et al, 2016). This coordination across segments of the energy systemn could yield

synergies that are vital for operating a power system characterized by variability and uncertainty. *Reduceand shift demand trategicdemand reductions), and
Some newly electrified loads, such aselectr

ng in the transporta
ion to enabl

equire a mix of innovativ

technologies and approaches that

-

), nuclear, and geothermal);

and transmis

c vehicles or heat pumps, can provide invaluable flex- » Support advanced grid man
ibility services to the power system. Meanwhile, low-carbon electricity—derived from renewables, supply and demand

are and hardware) to balance




Project: Aligning electricity with net zero

e “The What”

* Outline what needs to change in Canada’s electricity systems to support
economy-wide net zero by 2050

* “The How”

* |dentify key barriers likely to impede transformation (market, policy/institutional,
social or technical)

« Recommend a core set of interventions

» Out of scope: policies directing targeting electrification
* Planned release: March 2022
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