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What does net zero mean?

A net zero energy system is one that does not add to the total amount
of greenhouse gases (GHGS) in the atmosphere

* Net zero electricity refers to the case in which electric energy Is net
zero but other energy systems, particularly transportation and building
heating and cooling, have not reached net zero

» Carbon dioxide (CO,) Is a byproduct of the combustion of fossil fuels
that 1s often referred to as “carbon pollution”



Electricity Supply and Demand

* Supply
= domestic commercial (utility-scale) generators
= distributed generators (e.g., rooftop solar)

= Imports (British Columbia, Saskatchewan, Montana)

* Demand
= domestic consumers (residential, commercial, industrial, institutional, farm)
= exports
= transmission and distribution system losses

 Suppliers are connected to customers through transmission and/or
distribution wires

= 0n-site generators excepted



Major Challenges to Achieving Net Zero

« Maintaining electricity supply/demand balance given the increasing
penetration of intermittent renewable generation

» Establishing the right economic conditions for dispatchable generators
to stay In business

« Electrifying transportation and building energy systems

* Increasing the generation, transmission, and distribution infrastructure
needed to achieve full electrification

 Getting everything designed, approved, and built in the time set by
government

 Doing all the above while keeping electricity affordable for
Alberta families and businesses



Alberta’s Electric Power System
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Two Critical Facts about Power Systems

« Supply and demand must be kept in near-perfect balance at all times
* Imbalances can lead to blackouts and equipment damage in less than a second
» The larger the imbalance, the more quickly problems can arise

= Significant human resources and automated protection & control systems are
dedicated to maintaining that balance

« Power systems are planned to handle extremes, not averages
= “Extreme” conditions can occur over the entire system or in local areas
= They do not always coincide with peak demand or extreme weather
» Understanding daily, weekly, and seasonal variation is critical



 Demand varies over
all time scales from
seconds to seasons

e Winter demand 1s
typically higher and
has a more
pronounced peak at
around 6 p.m.

Typical Daily Demand

W]

Alberta Demand [M

11 500

11 000

10 500

10 000

9 500

9 000

8 500

8 000
00:00

03:00

06:00

09:00

12:00

January 3, 2023

May 2, 2023

15:00

18:00

21:00

00:00



Typical Weekly Demand
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Average Weekly Demand, 2015-2024

* The pattern of high
winter demand,
lower spring and fall
demand, and
medium summer
demand is also quite
consistent
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Alberta Load Duration Curve, 2023
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A duration curve shows the amount of time (hours, days, percent, etc.) that a quantity was at or above some
value. The white lines show that, 47% of the time, Alberta demand is at or above 9912 MW
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Alberta Electric Energy Sources, 2015-2024

 Some of Alberta’s
coal units have been
converted to burn
natural gas

* The last coal unit was
retired in June 2024

* Alberta has a large
amount of “behind-
the-fence” generation
serving Its large
Industrial load
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Alberta Electric Energy Sources, 2015-2024

Natural gas 7143 13 218 China 1147 230
Hydro 894 894 India 239 650
Energy storage* 0 190 US 196 220
Biomass and other 409 444 Japan 54 750
Coal and dual fuel 6 271 0 Indonesia 52 320
Dispatchable capacity 14 717 14 746 World 2 300 000
Wind 1434 5 340 Global coal power capacity by major country 2024 | Statista
Solar 0 1663

Nondispatchable capacity 1434 7 003 From 2015 through 2024,
Tota 10151 21749 627875 MW of coal-fired power

* Battery energy storage systems can act like generators when charged but WCIC added’ 316 957 MW v&_fere
cannot sustain their outputs indefinitely and are net energy sinks (not retired
sources) over time. With batteries, it is important to know their energy
capacity (MWh), not just their power capacity (MW).

https://globalenergymonitor.ora/projects/global-coal-plant-tracker/



https://www.statista.com/statistics/530569/installed-capacity-of-coal-power-plants-in-selected-countries/
https://globalenergymonitor.org/projects/global-coal-plant-tracker/
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World Primary Energy Consumption by Fuel Type

* FOSS” fueIS Global primary energy consumption by source Our World
(COal, oil, gas) .................................................... -
provided 76.5%

B Table B Chart x Settings

Other renewables
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CO.,e Emissions
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https://www.energyinst.org/statistical-review/resources-and-data-downloads



https://www.energyinst.org/statistical-review/resources-and-data-downloads

WIind Generation

 Near-zero variable cost

* No CO, emissions at source
» Weather-dependent

« Often located far from loads

* Non-dispatchable

* No control of output beyond
what wind conditions allow

Castle River Windfarm (44 MW)

https://transalta.com/about-us/our-operations/facilities/castle-river/



https://transalta.com/about-us/our-operations/facilities/castle-river/
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amount of energy produced in a given period

WI n d G e n e ratl O n capacity factor = maximum possible energy production in that period

70%

* Wind output
exhibits significant 60%
seasonal variations ﬂ
 Qutput is higher in o \A mf
the winter, but 40,
30% l/
20%

periods of low
output still occur

Average Wind Capacity Factor
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Wind Generation

100%

* The lack of
correlation with
demand means that

90%

80%
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WIind Generation

 Qutput tends to falls at
very high and very
low temperatures

 The winter pattern Is
well-known to
Albertans
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* Slides whose titles contain an asterisk were skipped

Wi n d G e n e rati O n* during the live presentation.

 Duration curves o
emphasize wind .
generators’ higher 5
winter and lower § .
summer output =

+ In the summer, outputis g "
below 20% of installed & 7
capacity almost half the ©
time 20%

0%
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Solar Generation*

 Southern Alberta is
one of the best
places in Canada
for solar energy

« Suitable for local
energy production
(homes, shopping
centres, etc.)

* No CO, emissions
at source

T

— \ g -

Claresholm Solar (132 MW)

Canada’s Largest Solar Energy Facility Now Operational in Alberta - ReNew Canada

22


https://www.renewcanada.net/canadas-largest-solar-facility-now-operational-in-alberta/

PHOTOVOLTAIC POWER PRODUCTION NORTH AMERICA

Solar Generation - g

N Tem

* The amount of solar »-
energy available each year S T | :
in southern Alberta is |
quite high for this latitude
but in about the middle of
the pack across North
America

* Alberta is not California or
Arizona

* Globally, 1t’s a bit below
average (next slide)

) - -

PVOUT: Long-term average of PV power potential, period 1999-2020
Yearly totals: 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

: kWh/kWp
Daily totals: 219 246 274 3.0 3.29 3.56 383 an 438 465 493 520 548



Solar Generation

24
SOLAR RESOURCE MAP

PHOTOVOLTAIC POWER POTENTIAL
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This map s published by the World Bank Group, funded by ESMAP, and prepared by Solargls. For more Information and terms of use, please visit http://globalsolaratlas.info



Solar Generation

18

 Seasonal variation in
daylight hours grows
as we move away
from the equator 14

o Latitudes:
 Quito, Ecuador —0.2°
« Las Cruces, NM, 32.3°
« Medicine Hat, AB, 50.0°
* Fort McMurray, AB, 56.7°
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Daylight Hours
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Quito —Las Cruces —Medicine Hat —Fort McMurray



Solar Generation

50%

 Seasonal variation
In daylight hours
directly affects solar
energy production

« Significant
variation within
seasons
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Solar Generation

 Seasonal variations In the path of the sun across the sky affect

energy production

 Large commercial installations may use tracking systems that
move the panels so they face the sun as it crosses the sky

Capacity Factor
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Solar Generation

» Daily variations in sky 50
conditions affect
energy production

 Clouds, fog, fire 10
smoke 0

Mar 1 Mar 2

8]
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Output [MW]

Output [MW]
=

0
Jun 11 Jun 12

28

Sunny day j Rapid ramp-down

at sunset
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Cloudy day
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clouds
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Solar Generation

100%

* The lack of
correlation with
demand means that
solar cannot be relied
on to produce power
when 1t’s needed most

* Winter peaks occur
after sunset

e As such, solar 20%
generation does not 10%
reduce the need for 0%
dispatchable 10000 10500 11000 11500 12000
generation Demand [MW]

90%
80%
70%

60%
High demand,

0
0% low solar

40%

30%
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Hydro Generation

* Hydro with water storage Is
among the best sources of
electricity

» Extremely reliable, long-lived,
fast response

 High capital cost (usually), low
“fuel” cost

* Large areas of land may be
affected

Bighorn Hydro and Lake Abraham

https://transalta.com/about-us/our-operations/facilities/bighorn/

30



https://transalta.com/about-us/our-operations/facilities/bighorn/

Hydro Generation

 Alberta hydro
reservoirs are relatively
small

e Churchill Falls, NL:
5428 MW, 35 000
GWh/year

 Alberta: 894 MW, 1800
GWh/year

 Hydro output exhibits
significant seasonality

* Year-to-year changes
can also be significant
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Hydro Generation™

* Inherent flexibility
makes hydro a very
good resource to
follow changing
system conditions

Output [MW

Jul 16 Jul 17

Jul 18

Jul 19

Jul 20

by

Jul 21 Jul 22
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Hydro Generation

* Hydro generation can be
significantly affected by
drought

* Prairies have experienced
frequent and much more severe
droughts than even the 1930s

* In the 1700s, the North
Saskatchewan River at Fort
Edmonton ran dry

240

33
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1404

Departures from the mean

1004

50
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[ ] Mutti-decadal drought [ ]Decadal drought [IMuttiple wet years

Historical wet and dry periods on the Canadian Prairies

Water and Drought. https://www.parc.ca/saskadapt/adaptation-options/theme-assessments/water-drought.html



https://www.parc.ca/saskadapt/adaptation-options/theme-assessments/water-drought.html

Hydro Generation

* BC Hydro has been a net
exporter of electricity in only 8
of the past 15 years

Source: BC Hydro 2024/25 First Quarter Report for the Three
Months Ended June 30, 2024

BC Hydro 2024/2025 First Quarter Report
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https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/accountability-reports/financial-reports/quarterly-reports/bchydro-f25-q1-report.pdf
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Battery Energy Storage Systems

* BES systems are often
proposed as solutions to
wind & solar variability

» Extremely fast response
to system changes
(when charged)

* To match Alberta’s peak
daily generation in 2024
(so far), it would take
6200* of these... but

p)
that S nOt nearly Enfinite's eReserve3 facility, in the Hamlet of Clairmont in the County of Grande Prairie, is one of nine battery-
h storage facilities the company has connected to Alberta's electricity grid. Each facility has a 20 MW, 35MWh
enOug oo capacity. (Submitted by Enfinite)

* * The slide shown in the video presentation contained an
incorrect value of 6800 due to a transcription error.
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Battery Energy Storage Systems

5

* To replace 2022’s FF _ NN
generation with wind, . + i R
solar, and batteries = )
alone, it would take it & J o A
would take 24 000 X g 5 o "
50 MW, 200 MWh P
battery systemsat $85 = * o/ \
million each AV
e that’s $2 trillion, or Janl Feb1l Mar4 Apr4 May5 Jun5 Jul6é Aug6 Sep6 Oct7 Nov 7 Dec8
$100 million per day
for 55 years This graph shows the amount of stored energy in a hypothetical lossless
i battery energy storage system under the assumption that wind and solar are
 No suggestion that scaled up to provide the amount of energy that was provided by fossil fueled
this would be generators in 2022

optimal!



Net Demand

* Net demand Is the demand that remains after subtracting the output of non-
dispatchable renewable generation
* in Alberta, that’s almost entirely wind and solar
* the province has a small amount of run-of-river / irrigation-canal hydro

* Net demand is a critical number because it Is the demand that must be
matched from moment to moment by dispatchable generation

37



Net Demand

* Top: six different weeks of consumer
demand (excluding demand served
by behind-the-fence generation) in
2022

* Middle: demand net of dispatchable
and nondispatchable renewable
generation

* Bottom: net demand with wind
scaled to 9000 MW and solar scaled
to 3000 MW

! AWa
gawans
Py
(]

]
=]

10000

8000

6000 Ao f\f\ ’“/\ v
4000 %\E‘j\/_/ A

Megawatts

Megawatts



39
Effects of Nondispatchable Renewables*

10000

* No consistent daily pattern o F/\/\

* No such thing as “on peak” or g 6000 N ﬂ/\”‘w ,Jd\vi\ /\ I, x% M
“off peak™ periods 5 o / \Y\//v \’i;‘(f v .,{,\M Ly “‘( Y \/K

o _ _ 2 2000 -. | AP

* Electricity prices will not be s S\ \,/\/ /AN !
consistently high during some - VWY
hours Of the day and Sun Mon Tue Wed Thu Fri Sat
Consistently low during others Note: Negative net demand is not possible.

_ _ Where it iIs negative, generator outputs
* The i1dea that we will be able to must be curtailed.

charge our EVs cheaply at night
will not hold
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Effects of Nondispatchable Renewables*

8000

* Black: demand (excluding
industrials . MW\/W\N\

* Blue: on-states of 2000 £
and 50001 megawatts in &
the supply stack -

* Assume they’re supplied o
by generators G2 and G5 G

 Here, G2 and G5 are May7  May9 Mayll May13 May15 May17 May 19
needed in all hours

x  This example is conceptual only, so it does not precisely mirror reality. Nevertheless, itis realistic enough that the conclusions hold.



Price

Energy Market Merit Order*

P,=$108.20

>

49 MW

73 MW

Quantity

41



Effects of Nondispatchable Renewables

2000

 GGaps In the blue lines
show where net demand 1s

below a generator’s place d MM\W.\M
In the supply stack = 4000

* In the case of G5, this
happens when net demand 2000
IS less than 5000 MW

* Since the unit’s power 1s

not needed, It must either
shut down or continue

running in a no-load state

iwatt

Ivles

0

May 7 May 9 May 11 May 13 May 15 May 17 May 19
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Effects of Nondispatchable Renewables

3000

 As renewable generation
Increases, the time G5 is 6000
needed decreases while
the number of starts and
stops can increase

4000

Megawatts

2000

0
May 7 May 9 May 11 May 13 May 15 May 17 May 19



Effects of Nondispatchable Renewables

* As renewables increase
further, both G2 and G5

are needed less
* Energy sales are lower 4000 W
* Run cycles are shorterand £ |

less predictable

* The rate at which net
demand changes Is higher

* When net demand would
be negative, some
renewable generation
must be curtailed

Megawatt

2000

-4000
May 7 May 9 May 11 May 13 May 15 May 17 May 19
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Effects of Nondispatchable Renewables

8000
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[\ A
s \ “‘M
S 2000
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-2000
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Effects of Nondispatchable Renewables*

 Supply surpluses

 Supply shortfalls

 Extra transmission infrastructure

 Transmission congestion and large swings in dominant flows

« Greater financial risks for generators around recovery of start-up and no-
load costs, and greater reliability risks 1f they don’t show up

« Greater need for flexible dispatchable resources for ramping and to account
for forecast errors
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Amnual Cost [kK$/MW]

700

600

500

400

300

200

100

0

0%

20%

Generator Economics

40% 60%
Capacity Factor

80%

100%

300

-
Lh
-

k-2
=
=

[
n
L

100

LCOE [$/MWHh]

50

0

0%

20%

40% 60%
Capacity Factor

80%

100%

47



Generator Cost &
Performance Characteristics*

Table 1. Cost and performance characteristics of new central station electricity generating technologies

Base
overnight Techno- Total Variable
First Lead cost logical overnight o&mt Fixed O&M

available Size time {20225/ optimism cost®® (20225/ {20225/ Heat ratef
T.!«:r'nm.'ulﬂgwI year®  (MW)  (years) kw) factors  (20225/kW) MWh) kWy) (Btu/kWh)
Ultra-supercritical coal (USC) 2026 B50 4 54,507 1.00 54,507 55.06 545.68 8,638
USC with 30% carbon capture and 2026 B50 4 55,577 1.01 55,633 £7.97 %61.11 9,751
sequestration [CCS)
USC with 90% CCS 2026 650 4 57,176 1.02 57,319 $12.35 S67.02 12,507
Combined-cycle—single-shaft 2025 418 3 51,330 1.00 51,330 52.87 515.87 6,431
Combined-cycle—multi-shaft 2025 1,083 3 51,176 1.00 51,176 $2.10 $13.73 6,370
Combined-cycle with 90% CCS5 2025 ir? 3 53,019 1.04 53,140 56.57 531.06 7,124
Internal combustion engine 2024 21 2 52,240 1.00 52,240 $6.40 53957 8,295
Combustion turbine— 2024 105 2 51,428 1.00 51,428 55.29 518.15 9,124
aeroderivativen
Combustion turbine—industrial 2024 237 2 5867 1.00 5867 $5.06 57.88 9,905
frame
Fuel cells 2025 10 3 56,771 1.08 57,201 50.66 534.65 6,469
Muclear—Ilight water reactor 2028 2,156 6 57,406 1.05 57,777 52.67 $136.91 10,447
Muclear—small modular reactor 2028 B00 6 57,590 1.10 58,349 $3.38 5106.92 10,447
Distributed generation—base 2025 2 3 51,915 1.00 51,915 59.69 $21.79 8,912
Distributed generation—peak 2024 1 2 £2,300 1.00 £2,300 59.69 $21.79 9,804
Battery storage 2023 50 1 51,270 1.00 51,270 50.00 545.76 NA
Biomass 2026 50 4 54,996 1.00 54,908 55.44 $141.50 13,500
Geothermal"! 2026 50 4 53,403 1.00 %3403 51.31 $153.98 8,881
Conventional hydropower! 2026 100 4 53,421 1.00 53,421 51.57 547.06 A
Wind= 2025 200 3 52,098 1.00 52,098 $0.00 $29.64 A
Wind offshore’ 2026 400 4 55,338 125 56,672 50.00 $123.81 A
Solar thermal' 2025 115 3 58,732 1.00 58,732 50.00 5096.10 MA
Solar photovoltaic (PV) with 2024 150 2 51,448 1.00 51,448 50.00 517.16 A
tracking= k&
Solar P\ with storage* * 2024 150 2 51,808 1.00 51,808 50.00 $32.42 A

Data source: Sargent & Lundy, Cost and Performance Estimates for New Utility-5cale Electric Power Generating Technologies, December 2019;
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Alberta Load Duration Curve, 2023*

12000 ™% 12 193 MW

47%, 9912 MW
11 000

10 000 100%, 8110 MW

9 000

Demand [MW]

8 000

7 000
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage of Time

A duration curve shows the amount of time (hours, days, percent, etc.) that a quantity was at or above some
value. The white lines show that, 47% of the time, Alberta demand is at or above 9912 MW
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Energy Emergency Alerts

* Red lines show start and
finish of EEAS

* Top graph shows demand
and net demand

 Bottom graphs shows
wind and solar generation

11000

10000

9000 '

3000

Megawatts

7000
SEF 2{_':' SEI“ 2: SEI_‘.I :.E':u SE"P‘ 29

2000

Sep 26 Sep 27 Sep 28 Sep 29

50



ml 51

Ardenville Wind (ARD17| |
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Energy Emergency Alerts*

CAPACITY FACTORS BY FUEL TYPE DURING 2022 ENERGY EMERGENCY ALERTS

BESS Coal bual Natural Hydro Other Solar Wind
Fuel Gas
7.9 65.0 N/A 4.5 54.9 65.7 2.3 4.7
45.0 65.3 N/A 73.9 56.8 59.9 54.4 3.7
44.2 99.7 99.9 80.9 40.5 73.4 0.0 1.0
14.3 99.7 99.9 80.5 51.3 75.6 0.0 2.5
0.0 99.2 99.8 85.7 38.3 73.6 0.0 2.0
7.6 99.4 99.9 81.0 40.0 71.2 9.6 5.2
0.0 99.4 95.0 82.9 40.1 74.1 0.0 16.4



Unit Commitment Problem*

* The unit commitment problem is a complex problem in economic
optimization, the objective of which is to decide which plants should
be turned on and synchronized to the grid so they can provide power
when needed

= the problem must be solved in advance based on forecasts of the future state
of the power system

= generators that have long start-up times must be “committed” in advance if
they are to be available when needed

* The problem is extremely difficult because different types of
generators have different operating constraints

= for thermal units, these include minimum start times (which can depend on
whether the unit is hold, warm, or cold), minimum run times, and maximum
ramp rates
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Contingencies™

A contingency is an event that we know will happen, but we don’t know
where, where, or how large i1t will be

« Examples
* generator trips (sudden loss of supply)
* |oad trips (sudden loss of demand)

« transmission line faults due to wind, lightning, icing (sudden loss of supply and/or
demand)

 The power system must be able to withstand all single contingencies and
high-impact multiple contingencies
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Ancillary Services

* The Electric Utilities Act defines ancillary services to be “those services
required to ensure that the interconnected electric system Is operated In a
manner that provides a satisfactory level of service with acceptable levels
of voltage and frequency”

* \oltage and frequency are two characteristics of alternating current (ac)
power systems
« Batteries provide direct current (dc) power

AT THE RISK OF MAKING THE ENGINEERS CRINGE...

 \oltage is like the pressure that forces electric current to flow in wires

 The higher the voltage, the lower the current, and therefore the lower the losses, for the same
power flow—which is why we raise voltages for long-distance transmission
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Ancillary Services*

* Fast Frequency Response
« provided by supply resources that can respond in less than one second
* batteries are good providers of FFR

* Regulating Reserve
* provided by generators that are loaded at less than full capacity

* must increase or decrease their output within a specified range to balance the
momentary fluctuations in supply and demand (response time < 28 seconds)
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Ancillary Services*

 Contingency Reserve (two types)

 Spinning reserve Is provided by generators loaded at less than capacity so they can
Increase their output in response to an outage (response time < 10 minutes)

 Supplemental reserve is provided by
* generators that may be offline but can be started quickly in response to an outage
« loads that can come off quickly
* response time < 15 minutes

« Ramping Capability
« New ancillary services are being considered by the Alberta Electric System

Operator to account for the increasing variability of net demand and the increasing
magnitude of forecast errors

« Wind and solar generators are not controllable and are therefore not
eligible to provide reserves
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Potential Changes to the Electricity Market

 Create a day-ahead market with day-ahead unit commitment

» helps to reduce generators’ risk of not recovering their start-up and no-load
costs

= this, in turn, will help to ensure that long-lead-time units are available when
needed to ensure reliability

 Develop new ancillary services products

" a“ramping’”’ or “load following” service will help to ensure there 1s sufficient
ramping capability within the online generators to follow the large swings in
renewable generators’ outputs

 Reduce the price floor to less than zero

= allowing negative-price offers will help the 1SO to curtail generator output in
the most economically efficient manner

= THIS COMES WITH CHALLENGES!
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Potential Changes to Electricity Regulations

 Allocate some of the costs of ancillary services to generators
= currently, loads pay all ancillary services costs

= allocating some of the costs to generators may encourage them to minimize
the variability they present to the system (e.g., by adding storage)

 Eliminate the long-standing “congestion free” approach to
transmission system development

= historically, policy was to build transmission to serve every last megawatt that
could be in merit

= this led to inefficient and expensive transmission developments
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Beyond Market Design Changes*

« Hydrogen
= with modifications, generators can burn hydrogen instead of natural gas
= eliminates CO, emissions
= economic viability iIs uncertain
» |eakage and material embrittlement are problematic

 Carbon [Dioxide] Capture and Storage
= incomplete CO, capture
= significant parasitic load (more generation needed to supply the same load)
= economic viability remains uncertain

* Small Modular Nuclear Reactors
= commercial viability has yet to be established
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Toward Full Electrification*

* The two technologies most often touted to achieve economy-wide net
zero energy are electric vehicles and heat pumps

 Both technologies, as they currently stand, will be materially less
convenient and efficient in Alberta than in many other places

« Alberta is at a further disadvantage given its current heavy reliance on
fossil fuels for electricity generation, transportation, and building energy

= full electrification will require massive upgrades to the province’s transmission
system and its distribution systems



Comparative Energy Use*

ENERGY USE (FINAL DEMAND), 2022, IN TERAJOULES

Energy Source Alberta Quebec Ontario BC Canada
Electricity 227065 765432 503977 217182 2015537
Natural gas incl. liquids 1517 005 257 651 936 769 294 992 3416941
Refined petroleum 467 699 608 139 904 580 427184 3001038
Coal, coke, coke oven gas 542 15975 97 239 3431 121 655
Steam 14 077 3 653 5228 0 29 688
Total 2226388 1 650 850 2 447 794 942 789 8 584 859
Electricity share 10.2% 46.4% 20.6% 23.0% 23.5%

1 terajoule [TJ] = 277.778 MWh

Statistics Canada (May 2, 2022): Report on Energy Supply and Demand in Canada, 2019 Revision, page 8.
https://www150.statcan.gc.ca/pub/57-003-x/57-003-x2022001-eng.pdf
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Electric VVehicles

* Alberta’s ambient temperatures
are often outside the temperature
range within which battery cycle
life IS maximized

 Vehicle range decreases in cold
weather

 Charging will take more time and
more electricity than in less harsh
climates

* There are challenges for fleets,
such as police cars, that don’t
have hours to charge

Cycle Life
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Charge Rate
— 1 C

am— 2C

Temperature range with 3C

maximum cycle life
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30 220 410 10 20 30 40 50 60 70 80

Temperature ( °C)

Rezvanizaniani, S.M., et al. (June 2014): “Review and recent advances in battery health monitoring
and prognostics technologies for electric vehicle (EV) safety and mobility.” Journal of Power
Sources. 256. 110-124. Retrieved December 22, 2023. Link
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Argue, C. (February 6, 2023): To what degree does temperature impact EV range? Retrieved
December 24, 2023. Link
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Electric Vehicles*

« Combining temperature and range data gives these range duration curves
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Heat Pumps

« Heat pumps are more efficient
than gas furnaces, so energy
savings over the course of a year
can be significant

* However, at very cold
temperature, either gas or electric
heating Is needed to supplement
the heat pump

* Peak electric heating demand for
just residential customers would
require massive wire upgrades

boiler assumes all load (heat pump off) —
boiler supplements heat pump
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Heat Pumps
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The blue line shows, for each month from 2012 to 2022, the average per-hour energy delivery to residential customers in the form of
natural gas. The red line shows the average monthly electricity demand for the entire province, excluding industrial load that is served by
on-site generation.

Example: Report ST3 from the Alberta Energy Regulator ER gives January 2024 residential consumption as 822 143 thousand cubic
metres. The average energy content of Alberta natural gas is about 40.5 GJ, or 11.25 MWh, per thousand cubic metres. So, January
residential consumption is 822 143 x 11.25 = 9.25 million MWh, or 12 400 MWh per hour.
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Notable Levels of “Carbon Pollution™

Effect / Level =1\

Plants die below this level 150
Atmospheric level at Mauna Loa (Sep 30, 2024) 422
Optimal level for plant growth (greenhouse target levels) 800 to 1200
ASHRAE & OSHA standard for room ventilation 1 000
NIOSH 10-hour exposure limit 5000
Level experienced by Apollo 13 astronauts 13 000
NIOSH 15-minute exposure limit 30000
Human breath 40 000
Headaches, sight impairment 50 000
Unconscious, further exposure death 100 000
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Environmental Efftects of “Carbon Pollution™

United Nations Intergovernmental Panel on Climate Change (IPCC), Sixth Assessment Report (ARG),
Working Group I: Climate Change 2021: The Physical Science Basis, Table 12.12

High confidence Medium confidence Low confidence in Medium confidence High confidence
of decrease of decrease direction of change of increase of increase
1. High confidence except over a few regions (CNA and NWS) where there is low agreement across observation datasets.

2. High confidence in tropical regions where observations allow trend estimation and in most regions in the mid-latitudes, medium confidence elsewhere.
3. High confidence in all land regions.

4. Emergence in Australia, Africa and most of Northern South America where observations allow trend estimation.
5. Emergence in other regions.

6. Increase in most northern mid-latitudes, Siberia, Arctic regions by mid-century, others later in the century.
7. Decrease in the Mediterranean area, Southern Africa, South-west Australia.

8. Northern Europe, Northern Asia and East Asia under RCP8.5 and not in low-end scenarios.

9. Europe, Eastern and Western North America (snow).

10. Arctic (snow).

11. Arctic sea ice only.

12. Everywhere except WAN under RCP8.5.

13. With varying area fraction depending on basin.

14. Pacific and Southern oceans then many other regions by 2050.



Environmental Effects of “Carbon Pollution”

CID = Climate Impact-Driver

\l

Table 12.12 | Emergence of CIDs in different time periods, as assessed in this section. The colour corresponds to the confidence of the region with the highest
confidence: white cells indicate where evidence is lacking or the signal is not present, leading to overall fow confidence of an emerging signal.

Climatic Impact-
driver Type

Climatic Impact-driver
Category

Already Emerged in
Historical Period

Emerging by 2050 at Least
for RCP8.5/55P5-8.5

Emerging Between
2050 and 2100 for at Least
RC8.5/5S5P5-8.5

Snow and lce

Snow, glacier and ice sheet

10

Permafrost

Lake, river and sea ice

Heavy snowfall and ice storm

Hail

Snow avalanche

Coastal

Relative sea level

Coastal flood

Coastal erosion

Open Ocean

Mean ocean temperature

Marine heatwave

Ocean acidity

Ocean salinity

Dissolved oxygen

14

Other

Air pollution weather

Atmospheric C0: at surface

Radiation at surface

2



CID = Climate Impact-Driver
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Table 12.12 | Emergence of CIDs in different time periods, as assessed in this section. The colour corresponds to the confidence of the region with the highest
confidence: white cells indicate where evidence is lacking or the signal is not present, leading to overall fow confidence of an emerging signal.

Climatic Impact-
driver Type

Climatic Impact-driver
Category

Heat and Cold

Mean air temperature

Extreme heat

Cold spell

Already Emerged in
Historical Period

Emerging by 2050 at Least
for RCP8.5/55P5-8.5

Emerging Between
2050 and 2100 for at Least

RC8.5/55P5-8.5

Frost

Wet and Dry

Mean precipitation

River flood

Heavy precipitation and pluvial flood

Landslide

Aridity

Hydrological drought

Agricultural and ecological drought

Fire weather

Wind

Environmental Effects of “Carbon Pollution”

Mean wind speed

Severe wind storm

Tropical cyclone

Sand and dust storm




Environmental Efftects of “Carbon Pollution™

Number of Fires and Area Burned in Canada by Year

Statistics extracted from the Canadian National Fire Database (CNFDB)
(NFDB_point_20240613)

o 14,000
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The graph shown during the live presentation was taken from https://cwfis.cfs.nrcan.gc.ca/ha/nfdb. The graph at
that link has been replaced by this one, which starts in 1970 instead of 1990.

74


https://cwfis.cfs.nrcan.gc.ca/ha/nfdb

Environmental Effects of “Carbon Pollution™

Table |. Characteristics for the 16 fire-history study sites in North American boreal forests including mean burn rate (BR; % of study site area burned per year) estimates during
the historical and modern periods.

Fire-history study site Province, Area Source Historical peried (1700=1990) Modern period
territory, or surveyed (1980-2020)
i
state (km®) Censored data Record (calendar Mean BR estimate Mean BR estimate
years) (% per year) (% per year)
Start End
I: Gaspésie QC 8669 Lawzen et al (2007) Y 17%0 1990 1.0& 0.09
2: Cote MNord QC 15515 Cyr et al. (3007) Y 1720 1990 048 0.14
3: Lac-Saint-|ean QC 7915 Bélishe er ol (2011) Y 1700 1990 037 020
4: Central Québec QC 3629 Lesieur et of, (2002) Y 1720 1990 098 053
5 Waswanip QC 10628 Le Goff et al (2007) Y 1720 1990 074 0.56
6: Eastern Abitibi QcC 3505 Kaflea et al (2001) Y 1770 1990 0.77 0.4%
7: Southeastern Abitibi QC 13 319 Drobyshey et al. (2017) Y 1800 19590 1.02 0.00
8: Morthern Témiscamingue QC 2943 Grenier et al. (2005) Y 1740 1990 0.48 0.00
9: Western Abitibi QC 16051 Bergeron et al (2004) Y 1700 19590 0.85 0.0&
10: Lake Abitibi ON 10182 Lefort et al. (2003) Y 1730 15990 0.69 0.02
Il: Central Ontario ON 13 795 Senici et al. (2010) Y 1750 1990 046 0.60
12: Prince Albert SK 3817 Weir et al. (2000) M 1760 1990 i7a 0.40
13: Rutledge Lake NT 10 |ohnsan (1979) M 1770 1970 5.54 0.00
14: Waod Buffale AB 41 231 Larsen [ 1997) M 1700 1990 1.90 | .47
15: Morthwestern Canada AB, BC, NT 487 633 ‘Wallenius et al. (2011) M 1770 19590 237 0.77
I&: Porcupine River AK 36 000 Yarie (1981) M 17%0 1970 591 1.13

Chaverdes et al. (2022): Converging and diverging burn rates in North American boreal forests from the Little Ice Age to the present (csiro.au)



https://www.publish.csiro.au/wf/pdf/WF22090

Environmental Effects of

“Carbon Pollution”

Annual area burnt by wildfires by region, 2002 to 2022

Total area of all land types burnt by wildfires in hectares.
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76



7/
Environmental Efftects of “Carbon Pollution™

Annual area burnt by wildfires by region, 2002 to 2022

Total area of all land types burnt by wildfires in hectares.
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World
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Data source: Global Wildfire Information System (2022) - Learn more about this data OurWorldinData.org/wildfires | CC BY



Environmental Efftects of “Carbon Pollution’

Crop yields, World, 1961 to 2022

Yields are measured in tonnes per hectare.

—— Bananas
—— Potatoes
20t ;
15t
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— Maize
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f_\/_/\/\,/\v — Barley
- g ——————~——~ < ><— -~ Soybeans
- = ~— ~—~— ———— ™ " Peas
R —— Beans
Ot T . . . . .~ Cocoa beans
1961 1970 1980 1990 2000 2010 2022

Data source: Food and Agriculture Organization of the United Nations (2023) OurWorldinData.org/crop-yields | CC BY
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Environmental Eftects of “Carbon Pollution’

World population supported by synthetic nitrogen fertilizers

Best estimates project that just over half of the global population could be sustained without reactive nitrogen
fertilizer derived from the Haber-Bosch process.
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6 billion Population fed by
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0 ‘ ,
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Data source: Erisman et al. (2008); Smil (2002); Stewart (2005) OurWorldInData.org/fertilizers | CC BY
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Environmental Etftects of “Carbon Pollution”

Weekly death counts reported by Canada, all ages and both sexes
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https://www150.statcan.gc.ca/n1/pub/71-607-x/71-607-x2020017-eng.htm

Environmental Etftects of “Carbon Pollution”

Decadal average: Number of deaths from natural disasters, World

M Droughts
500,000 M Floods
M Earthquakes
M Storms
M Extreme temperatures
M Volcanoes
400,000 M Landslides
B Wildfires
M Glacial lake outbursts
B Mass movements (dry)

M Fogs
300,000
200,000
100,000
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Data source: EM-DAT, CRED / UCLouvain (2023) OurWorldInData.org/natural-disasters | CC BY

Note: Data includes disasters recorded up to September 2023.
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