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Canada - Basic Facts

e Area: 9 984 670 km?
(Second largest country
In the world by land
mass)

e Population: 37,831,018
(October 2020)

 Number of electricity
customers: 15,420,450

e Average interruption of
electricity: 4.97 hours
(2016)
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Canada - Basic Facts v/“ cigre

Globally,

e Canada is the world’s sixth largest electricity producer (2% of world production in 2018)
e Canada is the world’s third largest energy exporter (8% of world export in 2018)

» All Canadian electricity trade is with the US (2019)

e Canada is the world’s third largest producer of hydroelectricity (2020)

Domestically,

 The Canadian energy industry generated 641.1 TWh of electricity in 2018.
* 14.8% of Canada’s electricity is produced from nuclear generation (2018)
e 7.4% of Canada’s electricity is produced from coal (2018)

* 59.6% of Canada’s electricity is produced from hydropower (2018)
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Global map of the grid and of its interconnections =9
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Grid Facts and Characteristics

Existing and Proposed transfer capability between Canada and the US

! |Note: In practice, the
amount of electricity that
can be imported by Alberta
from BC and Montana
simultaneously is limited to
1100 MW due to internal
grid constraints

2 | Line under construction
between Manitoba and
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' 2 Proposed line between

Manitoba and Minnesota

4 Note: These figures Represent

the transfer capabilit
and to Minnesota an
Dakota combined

rom
North

5 Proposed line between

Ontario and Pennsylvania
(1000 MW)
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5 Four proposed lines from

Quebec to the US:

> to New York (1000 MW)

» to Vermont (1000 MW)
to New Hampshire (1000 MW)
to New Hampshire (1200 MW)

7 | Line under construction
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& Two proposed lines
between NB and PE|
(totalling 360 MW) to
replace existing line

' Proposed Lline from NB
to Massachussetts

between Newfoundland and

Nova Scotia (500 MW)
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Transmission Lines Across the Province of Ontario
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Provincial Maps - The High Voltage Grid \‘f?_,) cigre
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Provincial Maps - The High Voltage Grid RS/
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Provincial Maps - The High Voltage Grid
Alberta

MNorthwest Capacity = 500 MW
Cenfral East Capacity = 0 MW
Southeast Capacity = 1000 MW
Southwest Capacity = 800 MW
Other Locations Capacity = 300 MW
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Provincial Maps - The High Voltage Grid

Manitoba Hydro

Major electrical and gas facilities
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Provincial Maps - The High Voltage Grid

New Brunswick
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Provincial Maps - The High Voltage Grid w4 cigre
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Information on Major TFOs
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AltaLink Management Ltd. Alberta http://www.altalink.ca/

ATCO Electric Ltd. Alberta https://www.atco.com/en-ca/
ENMAX Power Corporation Alberta https://www.enmax.com/home
EPCOR Utilities Alberta https://www.epcor.com/Pages/Home.aspx

BC Hydro British Columbia https://www.bchydro.com/index.html
Fortis BC British Columbia https://www.fortisbc.com/
Hydro One Ontario https://www.hydroone.com/

Maritime Electric

Prince Edward Island

https://www.maritimeelectric.com/

Manitoba Hydro

Manitoba

https://www.hydro.mb.ca/

New Brunswick Power

New Brunswick

https://www.nbpower.com/Welcome.aspx

Nalcor Energy

Newfoundland and labrador

https://nalcorenergy.com/

Nova Scotia Power Nova Scotia https://www.nspower.ca/
Sask Power Saskatchewan https://www.saskpower.com/
Yukon Energy Yukon https://yukonenergy.ca/

Power system of Canada
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Cooperation of TFOs and DFOs ) C|g|e
Description

Provincial governments have control over generation and transmission of
electrical energy

Policies and power industry structure set regionally — differs from province to
province

Where disaggregated utilities exist TFO and DFO are open access and
regulated as monopolies with franchise areas

Power system of Canada 16



Cooperation of TFOs and DFOs

Responsibilities
e Congestion mitigation of transmission and distribution lines
e \oltage support

* Transmission-Distribution interface

Power system of Canada
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Installed Capacity With Reference to Primary Resources '(‘f?!}}‘ cigre
(2017)

Solar/Tidal _
. 1.6% Conventional Steam
Wind ' Turbine
14.7%

Combustion Turbine
‘ 9.1%
s Internal Combustion
Turbine
0.8%
55.6%

Hydro
Nuclear

9.7%

Generating Capacity

145 GW and other trustworthy sources on the public domain

The data shown represents the latest available data from Canadian government

Power system of Canada 18
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Energy Production with Reference to Primary Resources %= . &~

GENERATION IN CANADA - 641 TWh
GENERATION BY SOURCE, 2018

NON-HYDRO RENEWABLES

%

GAS/OIL/OTHERS
11%

HYDRO

60%

COAL

%

NUCLEAR

13%
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Energy Production with Reference to Primary Resources
Development of energy production since 1995
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Energy Production with Reference to Primary Resources
Electricity generation outlook by fuel type
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Consumption per Customer Group e - b
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Consumption per Industrial Sector

TOTAL ELECTRICAL ENERGY USE* WAS 1,812 PJ
IN 2017

Energy use (p5) % of the total

Residential 604.1 33.3%
Commercial 429.7 23.7%
Industrial 739.0 40.8%
Transportation 4.4 0.2%
Agriculture 34.8 1.9%
Total 1812.0 100%

*secondary energy use

Power system of Canada 23



Location of Renewable Energy Sources 2016

cces and Capacity in Canada I Spaa i
N
Q i‘;., ..2“' ﬁ Resource
e I ¥ :
PRS- BTN ® Hydroelectric
‘v» Ve 1, bl B ! (7Y o W d
I/;E‘(_ <' P = {1_ ; 2 /; a}
o oo 3o RETVE i
g el c‘]-%%' DTy ® Biomass
. — Solar

p: ; h "'._ .

)
"y
.’

A T LFE oy i ga' D
e, © & X Jﬁf (e ST
S W %Ww
- . & . . . e ik
oy : Y aSod. et .-1'_“\’3_1_\
v o \

*.;__Jj r‘gx:' f_f"‘-h Sty

Y TR
&R

[} 500 1.000 km
|

Map produced by the NEB, September, 2016

Power System of CANADA

Renewable
Capacity (MW)
10-49

> 50-99

o 100-199
7 200-499
) 500-999
() 1000 >

o@”“.
STAL CIgI'e

For power system expertise

24



&) gre
Development of Wind Power (2005-2019) W& CI

WIND POWER IN CANADA

Capacity (2019): INSTALLED CAPACITY
13,417 mw 14,000
13,000
more than - 12,000
tripled :;gﬁ

9,000
8,000
7,000
6,000
5,000
since 2010 4,000
3,000

Generation (2018): fg&
32.9 TWh

\ 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
almost ¥

quadrupled B cumuatve ] Annual additions

Megawatis

rrr17r17r1r 17171717 1771711

————

since 2010
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Location of Wind Power Generation as of 2019

Canada’s current installed capacity:

13,413 MW

NL

' 55 MW
3.882 41 5‘
Mw
e b 1 204 MW
314 MW [ S
T { 616 MW
: NE \NS

(as of December 2019)
May not sum to total due to rounding
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Development of Photovoltaic Power & CSP N’ - st

SOLAR PV IN CANADA
Capacity (2018): INSTALLED CAPACITY
3,00mw i) o
.. 3,000
g2,5m N
" 2 2000
151% il
since 2013 1,000
o
Generation (2018): o
2 2 TWh . 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. Cumulative . Annual additions

more than
in 2013
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RES Installed Capacity and Production per Annum

Megawatts

100,000

80,000

60,000

40,000

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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B Solar
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Electricity Prices - Industrial Consumers

AVERAGE LARGE INDUSTRIAL AND RESIDENTIAL ELECTRICITY PRICES* (AS OF APRIL 2019)
in cents/kWh 19.35

10.94

15.42
11.27
[ I 5.15

. Industrial . Residential

.

13.23 \ |
vl
N\

8.39
ll
ontréal
Toronto

8.7

*Including taxes

Power system of Canada
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Electricity Prices — Households (2020)
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<

@energyhuborg
Average

Electricity Prices
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Electricity Market Structure in Canada @Q)cmre
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Alberta Nova Scotia Québec

* Mandatory Power Pool * Wholesale open access * Wholesale open access
= Wholesale & retail open access (2001) * Investor-owned utility regulated = Vertically-integrated Crown
* Fully competitive wholesale market on cost-of-service corporation

= Expanding IPP development

BC Nunavut

* Vertically-integrated Crown

Corporation.

Saskatchewan

* Wholesale and industrial open

access ’
* Wholesale open access

* Vertically-integrated Crown

Corporation serves 94% of NWT * Vertically-integrated Crown corporation
customers * Vertically-integrated Crown
Corporation. Yu kon
Manitoba * |Investor-owned distribution utility

* Vertically-integrated Crown

Wholesale open access

Vertically-integrated Crown
corporation

New Brunswick

= Vertically-integrated Crown

corporation * Hybrid regulation and competition mode|
Newfoundland PEI
* Vertically-integrated Crown * Procures electricity from New

Wholesale open access

Corporation and investor-owned

distribution utility

provides service in several
communities

Ontario
* Industry unbundling (1998)
* Wholesale & retail open

* access (2002)

England market and long-term

contracts with New Brunswick

Power system of Canada

Corporation

* |nvestor-owned distribution
utility provides service in
several communities.
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Electricity Market Structure in Canada @agre
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PROVINICAL GRID OPERATORS AND MARKET STRUCTURES

Saskatchewan: Newfoundland:
British Columbia: ;ﬂéi;giessale goen Quebec: Vertically-integrated
- Crown corporation
Wholesale & : : Wholesale open i )
industrial open Vertically-integrated ar0ess P and investor-owned  Prince Edward Island:

distribution utility =
Vertically-integrated Procures electricity
Crown corporation from New England

Expanding IPP

At Crown corporation

Vertically-integrated
Crown corporation

market and long term
serves 94% of g

contract with New

customers E development | Brunswick

I ! i
: : .' : |
1' : I Ll ® !
{ @ L B :1 :
P s © e ® | ':
; /N A © E
;' : |
; i =B O
| i i B © o-

Alberta: : Ontario: : Nova Scotia:
Mandatory Power : Industry unbundling i Wholesale open
Pool ) in 1998 . access
Wholesale & retail Manitoba: Wholesale & retail New Brunswick: Investor-owned utility
open access since > Wholesale open open access since Wholesale open on cost-of-service
2001 access 2002 access
Fully competitive Vertically-integrated Hybrid regulation and > Vertically-integrated
wholesale market Crown corporation completion model Crown corporation
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Power Balance in 2019 w4 cigre
Canadian Electricity Imports and Exports by Region (2019)

NET =26

Associaton Oo I'tlec trcfd

Power system of Canada 33



Energy Exchanges in 2018 / 2019 &2 cigre

Electricity Exports and Imports between the U.S. and Canada (Terawatt-hours) .. .

Generation : 641.1 TWh (2018)

CANADA'S ELECTRICITY TRADE WITH THE U.S.*

80 [
Consumption :503.3 TWh (2017) o
(Residential 33.3%, Industrial 40.8%. o O
and Commercial 23.7%) 2 s
g 40
Imports : 13.4 TWh (2019) = g
20
Exports : 60.4 TWh (2019) 19

0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
. Exports . Imports = Net trade

*includes only electricity traded under purchased contracts; excludes electricity
transferred under non-financial agreements (e.g. under treaty obligations)

Power system of Canada 34



Other Aspects of the Electricity Market: Major Projects @Zf)c'ﬂe

Labrador-Island Transmission Link and Maritime Link

Phase 1 — Muskrat' Falls

Labrador-Island Transmission Link and Maritime’ Link

Muskrat Falls Generation

- 824 MW hydvoelectric facility; 4.9 TWhy/yr
« Two dams, one powerhouse

« &0 km resarvold

- Construction start 2012; in-service 2017
« Construction cost $2.9 billion

Churchill
Falls

S—
Gull
Islan

Maritime Transmission Link
+ 500 MW capacity
+ Includes 180 km undersea Enk from = = 900 MW capacity
Cape Ray, NL 1o Cape Breton, NS i » Muskrat Falls 1 Soldiers Pond near Holyiood
« Consiruction start 2014; in-service late 2016 : 1,100 ki, inchuding 36 km under
+ Construction cost §1.3 billion PE.I Stait of Belle tsle
+ Qwnership 100% Emera for 35 years Breto « Construction start 2012; in-service 2017
- * Construction cost $2.1 billion
« Ownership 71% Nalcor, 29% Emera

Graphic Nalcor
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Other Aspects of the Electricity Market: Major Projects
Manitoba Hydro’s Bipole Il

SIEMENS
fhﬂzhuﬂy{orufe_

Mortenson

Manitoba Hydro’s Bipole III

nitoba Hydro's Bipole lll is a
HVDC project
enabllng transmission of renewable
energy via almost 1

The Bipole Ill converter stations
include the Keewatinohk Converter
Station in 1 Manitoba near
Hudson Bay, and the Riel Converter
Statlon near Winnipeg in the
region of the province.

The converter stations have a
transmission capacity of 2,(

— enough to meet ov  of the

province’s peak electricity demand.

Power System of CANADA
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Other Aspects of the Electricity Market: Major Projects
East-West Tie ( 450km, 230kV Transmission)
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Other Aspects of the Electricity Market '(05;')}4 cigre

<4

North American Electric Reliability Council Regions (NERC) o
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