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AUC inquiry into the ongoing economic, orderly and
efficient development of electricity generation in Alberta

Module B Report Proceeding 28542
1 Executive summary
1. This is the report of the Alberta Utilities Commission (AUC or the Commission) on the

reliability and affordability issues in the inquiry into the ongoing economic, orderly and efficient
development of electricity generation in Alberta. The Commission determined that the inquiry
would be separated into two modules to explore the issues identified in the order-in-council. In
Module B, the Commission considers the impact the increasing growth of renewables has to both
generation supply mix and electricity system reliability.

2. The Commission issued a notice on October 24, 2023, outlining its process for Module B.
As part of the process, the AUC commissioned two expert reports to assist it in considering the
issues. The process was completed on February 29, 2024, with parties providing written
submissions on the AUC-sponsored expert reports.

3. The transition of the electricity system is often described as a balance between three
pillars: decarbonization, affordability and reliability. Each pillar is crucial but often interlinked
with the other pillars. Alberta is currently working to decarbonize its electric system while
minimizing the impacts to affordability and reliability.

4. The Commission recognizes that renewables will play an important role in transitioning
Alberta’s electric system to net zero. However, the intermittent nature of renewables, as well as
other characteristics of inverter-based resources, will have increasing impacts to the grid as they
make up a larger portion of Alberta’s generation supply mix.

5. Based on the expert reports and the submissions made by participants in Module B, the
Commission makes the following observations:

Observations:

e Renewables are impacting many different aspects of system reliability. The
Alberta Electric System Operator (AESO) is currently assessing options to
address key areas of reliability in the short term.

e Under the current market design, expected unserved energy in the late 2030s is
significant and there is potential for unprecedented load-shed events. An
increased rate of decarbonization, i.e., net zero by 2035 instead of by 2050, will
exacerbate supply adequacy issues.

e Under the current energy market design, increased renewables will exacerbate
supply adequacy issues.
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e Renewables lower pool prices and increase volatility, reducing the signal for
dispatchable generation to enter the market.

e Newer low-carbon technologies could be considered first-of-a-kind and have a
greater level of associated risk, particularly under a target to decarbonize by 2035.

e Energy storage can play a role in reducing supply adequacy issues but is not a
complete solution and is not expected to be economic under the current energy
market and AESO tariff.

e (Given the scale of expected unserved energy, minor changes to supply mix
assumptions do not alleviate supply adequacy concerns.

e Under the current market design, pool prices are initially stable, but are then
expected to increase at a rate above inflation in the 2030s. An increased rate of
decarbonization, i.e., net zero by 2035 instead of by 2050, will exacerbate
affordability issues.

¢ Demand response has some potential to mitigate supply adequacy impacts and
reduce future costs to electricity consumers.

e Investors are concerned about the current level of policy uncertainty.

e By the late 2030s, under the existing market framework, consumers would be
paying significantly higher rates for electricity, while receiving a substantially
lower level of reliability. Given this, changes to the market design and policy
framework are necessary.

6. The Commission also makes the following commitment:
AUC Commitment:

e The Commission will explore demand response opportunities, including exploring
time varying rates as a priority item in the near term.

7. The Commission has attached the two expert reports. All submissions from parties on
those reports have been available throughout on the Commission’s public electronic filing
system in Proceeding 28542.

8. On March 11, 2024, the Minister of Affordability and Utilities directed the AESO to
work with industry and stakeholders to design a restructured energy market.!

0. The Commission will ultimately be the adjudicator of proposed rule changes put forward
by the AESO and, as such, it will not comment on the merits of potential changes proposed. But

! Direction Letter from the Minister of Affordability and Utilities, March 11, 2024.
https://www.aesoengage.aeso.ca/37884/widgets/156642/documents/125532.
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as stated above, and for the reasons set out in this report, the Commission considers that changes
to the market and policy framework are necessary.

10.  While the most extreme effects on reliability and affordability may not appear until the
late 2030s, the Commission recognizes that changes to markets and policy will take time. It
assumes the government, the AESO, the Market Surveillance Administrator (MSA) and
stakeholders will move forward in a timely manner so investors and participants have the
necessary policy certainty going forward to confidently make decisions and allow Alberta’s
market to succeed in a way that will protect Albertans’ interests.

2 Background

11. On August 2, 2023, the Government of Alberta issued an order-in-council directing the
AUC to hold an inquiry into the ongoing economic, orderly and efficient development of
electricity generation in Alberta. The order-in-council can be found in Appendix 1.

12. The order-in-council directed the Commission to inquire into and report to the Minister
of Affordability and Utilities on the following:

1. Considerations on development of power plants on specific types or classes of
agricultural or environmental land.

2. Considerations of the impact of power plant development on Alberta’s pristine
viewscapes.

3. Considerations of implementing mandatory reclamation security requirements for
power plants.

4. Considerations for development of power plants on lands held by the Crown in Right of
Alberta.

5. Considerations of the impact the increasing growth of renewables has to both generation
supply mix and electricity system reliability.

13. The Commission determined that the inquiry would be separated into two modules to
explore the issues identified in the order-in-council. Module B addresses issue 5.

14. Following the order-in-council, the Ministry of Affordability and Utilities issued a press
release and fact sheet that emphasized the government’s interest in also considering the
affordability impacts of increasing renewable generation.? The Commission has also
incorporated that into the scope of this report.

15. In addition to the Commission’s inquiry, the Minister of Affordability and Utilities has
requested that the AESO and the MSA consider whether potential changes to Alberta’s
energy-only market are required. On March 11, 2024, the Minister of Affordability and Utilities

2 Alberta Ministry of Affordability and Utilities. AUC approvals pause for renewable projects, August 25, 2023.
https://www.alberta.ca/release.cfm?xID=88843C2191BF5-097B-B1C7-82E755C07EF645A1
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requested the AESO to work with industry and stakeholders to design a restructured energy
market.

2.1 Process

16. On October 24, 2023, the Commission issued a notice for Module B of the inquiry,
outlining its proposed process. As part of the process, the AUC commissioned and made public
two expert reports to assist it in considering the issues. The list of experts and scope of their
reports is set out below.

Expert Scope of report

London Economics | e Review and assess prior studies that evaluate the evolution of the
International LLC Alberta electric system from a technical and/or economic perspective
(LEI) in order to inform reliability and affordability questions.

¢ Following stakeholder engagement, development of a technical,
simulation-based assessment of future wholesale market fundamentals
under the current energy market design over the long term to evaluate
future system reliability (e.g., resource adequacy) and consider electric
utility bill impacts for retail customers.

FGS Longview e Using targeted stakeholder engagement and other means, gauge
current perception of Alberta’s power market by relevant generation
developers (incumbent and non-incumbent) and sources of capital to
review attractiveness of Alberta's market structure, views on potential
market structure changes, and appetite for merchant power risk.

o Identify the drivers behind stakeholder perception of Alberta’s
power market.

17. The AUC held two technical meetings as part of the process. The first, held on
November 9, 2023, was to discuss and obtain feedback on LEI’s simulation-based assessment.
At the second technical meeting, held on February 14, 2024, the experts presented a summary of
their reports and interested parties had the opportunity to ask questions of the experts.

18.  The AUC published the expert reports on February 7, 2024. The final step of the process
occurred on February 29, 2024, with parties providing written submissions on the expert reports.

2.2 Ministry and agency roles

19.  In October 2022, the Government of Alberta established the Ministry of Affordability
and Utilities. Its responsibilities include managing and developing policy for the utilities sector
and overseeing a reliable and affordable electricity system for Albertans. The ministry is

responsible for several agencies that oversee the utilities sector including the AUC, the AESO
and the MSA.

20. The AUC is an independent quasi-judicial agency responsible for ensuring that the
delivery of Alberta’s utility services takes place in a manner that is fair, responsible and in the
public interest. The AUC regulates the utilities sector to protect social, economic and
environmental interests of Alberta where competitive forces do not. The AUC, among other
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responsibilities, ensures that electric generation and transmission facilities are constructed and
operated in a safe, reliable, efficient and environmentally responsible way, and provides
regulatory oversight of issues related to the development and operation of the wholesale
electricity market in Alberta.

21. The AESO is responsible for the safe and reliable operation of the Alberta Interconnected
Electric System. It serves a number of specific functions including:

e Managing and operating the provincial power grid.
e Planning and operating the electricity market.
¢ Planning the future of the electricity system and its infrastructure.

e (Connecting generators and large power consumers to the transmission system in a safe
and reliable manner.

22. The MSA is a public agency that protects and promotes the fair, efficient and openly
competitive operation of Alberta’s electricity market. The MSA monitors the performance of
Alberta’s electricity market to ensure that market participants comply with all applicable
legislation, the Alberta reliability standards and the independent system operator’s rules.

3 System reliability

Observation: Renewables are impacting many different aspects of system reliability. The
AESO is currently assessing options to address key areas of reliability in the short term.

23. System reliability is a broad topic including many different components. The AESO is
the agency primarily responsible for the reliability of the transmission system. Last year, the
AESO released the 2023 Reliability Requirements Roadmap,* which focuses on three key areas
of reliability: frequency stability, system strength and frequency capability. The Commission
recognizes that increasing renewable generation is impacting each of those areas and the AESO
has indicated that addressing each area is a high priority.

24, Given the AESO is currently assessing options to address those areas, the Commission
decided that considering those aspects of system reliability would ultimately be duplicative.
Accordingly, the Commission scoped LEI’s work to focus primarily on supply adequacy. LEI
defined supply adequacy as “having enough electricity generation supply to meet hourly
demand, taking into account planned and unplanned outages and other factors that may impact
demand or supply.” Many parties submitted that because of this limited scoping, the LEI Report
underestimates system reliability issues. The Commission acknowledges this and emphasizes
that the absence of discussion within this report on other aspects of reliability is not intended to
imply a lower level of importance of those aspects or that there is less urgency to addressing
them. The Commission encourages the government to consider the AESO’s work, in conjunction
with this report, to fully appreciate the impact of renewables on system reliability.

3 AESO 2023 Reliability Requirements Roadmap.
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3.1 Supply adequacy
25. London Economics International LLC (LEI) conducted a forward-looking analysis to

project future market outcomes and analyze the impact of renewable energy generation on
supply adequacy.

26. The decarbonization of the electricity sector will have a profound impact on the
generation supply mix with renewables expected to significantly increase. LEI’s analysis began
with two base cases representing two different decarbonization policy pathways for the Alberta
electricity sector: decarbonization by 2035 and decarbonization by 2050. The 2035 Base Case
was designed to reflect the federal draft Clean Electricity Regulations;* the 2050 Base Case was
designed to be consistent with the province’s Alberta Emissions Reduction and Energy
Development Plan.$

Observation: Under the current market design, expected unserved energy in the late 2030s
is significant and there is potential for unprecedented load-shed events. An increased rate
of decarbonization, i.e., net zero by 2035 instead of by 2050, will exacerbate supply
adequacy issues.

27. The LEI Report® finds that reliability is expected to be worse under the 2035 Base Case
than the 2050 Base Case. However, under both cases, by the late 2030s the level of reliability is
expected to be materially worse than the level Albertans have been accustomed to for decades.
The LEI Report indicates that insufficient supply levels result in the potential for unprecedented
load shed in Alberta under the current electricity market design, even under normal weather
conditions.” Under abnormal weather events, that expected load shed is even higher.

28. LEI’s analysis forecasted expected unserved energy, which measures the number of
megawatt hours (MWh) of load that will not be served in a given year as a result of insufficient
available capacity. As shown in the figure below, the expected unserved energy is expected to
peak in 2038 once the last of the coal-to-gas power plants retires and is significantly above the
AESQO’s resource adequacy threshold.®

Government of Canada. Canada Gazette, Part I, Volume 157, Number 33: Clean Electricity Regulations.
August 19, 2023. The Commission notes that since the release of the LEI Report, the federal government has
provided an update proposing to relax some of the restrictions in the regulations.

Government of Alberta. Alberta emissions reduction and energy development plan. April 2023 (updated
January 2024).

6 Exhibit 28542-X0049.01, Expert Report - London Economics International - Cover Report;

Exhibit 28542-X0050, Expert Report - London Economics International - Annex 1 - Scenario Analysis;
Exhibit 28542-X0051, Expert Report - London Economics International - Annex 2 - Projection of Residential
Electric Bills; Exhibit 28542-X0052.01, Expert Report - London Economics International - Annex 3 -
Probabilistic Supply Adequacy Analysis.

LEI stated that it used “actual weather data in its long term energy market modeling, in order to ensure realistic
conditions. LEI chose to use 2021 weather conditions (which impacted hourly renewable generation and hourly
variation in load) to represent “normal” weather, because 2021 conditions were closest to longer term averages
and were neither mild nor abnormally extreme in terms of weather factors that could skew the scenario analysis
results towards low likelihood events.”

The AESO defines the Resource Adequacy Threshold as the one-hour average Alberta internal load for a year
divided by 10.

Alberta Utilities Commission — March 28, 2024 6
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Figure 1.  Comparison of levels of demand unserved under the base cases with normal weather’
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Notes:

- LEI ran its simulation model 10 times (seeds) for each year and scenario, with varying patterns of generation outage
schedules. The shaded areas in the charts above represent the range of modeled outcomes caused by these different
patterns of generation outages. The solid lines represent the average across the 10 seeds.

- AESO defines the Resource Adequacy Threshold as the 1-hour average Alberta internal load for a year divided by 10.
Converting to percentage terms is calculated as 1/8760/10 = 0.00114%.

29. LEI developed additional scenarios based on five years of historic data to evaluate supply
adequacy during abnormal weather events. These weather scenarios, combined with different
scenarios for generation outages, resulted in an average expected unserved energy in 2038 of
30,491 MWh for the 2035 Base Case or 16,793 MWh for the 2050 Base Case. As to be expected,
these levels are higher than those in the modelling under normal weather conditions shown in the
figure above, and well above the AESO’s resource adequacy threshold of 1,135 MWh.

30. Albertans have long enjoyed high reliability in terms of supply adequacy, and even levels
of unserved demand at the AESO’s resource adequacy threshold would be unprecedented. For
context, the AESO’s most recent long-term adequacy metrics indicate a probability of supply
adequacy shortfall of approximately zero MWh for the next two years.!” The Commission notes
that the number of grid alerts' has increased in recent years but that even the most severe events,
such as the one that occurred on January 13, 2024, have not yet resulted in any unserved load.

31. Parties identified that the AESO currently has the authority to take preventative actions
including procuring load-shed services, backup generation and emergency portable generation.
The emergency alert issued on January 13, 2024, in which Albertans responded by quickly
reducing approximately 200 megawatts (MW) of demand, is a prime example. Parties submitted
that the LEI analysis did not use these tools to mitigate supply loss and, as such, overestimates
the extent of the issue. The Commission agrees that such tools could be used to mitigate issues,
however, given the scale of expected unserved energy, the Commission considers that those tools
on their own would not be sufficient.

®  Exhibit 28542-X0049.01, Expert Report - London Economics International - Cover Report, PDF page 15.

10 Exact number is 0.06 MWh. AESO Long-term adequacy metrics — February 2024.
https://www.aeso.ca/download/listedfiles/2024 02 LTA.pdf.

The AESO issues a Grid Alert when the power system is under stress and we’re preparing to use emergency
reserves to meet demand and maintain system reliability.

11
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32. The LEI Report states that in the five per cent most severe supply adequacy events,
nearly 10 per cent of demand would not be met, with unserved load events that last for almost an
entire day (23 hours). The system is projected to have the highest reliability risk during evening
hours in the winter months, arguably when electricity is needed most.

33. The addition of more than 2,000 MW of natural gas generation in 2024 is expected to
largely address supply adequacy concerns in the near term. However, the LEI Report identifies
that there is a potential for unserved load in the next five years under abnormal weather
conditions if low prices result in the significant retirement of coal-to-gas power plants.

34.  Parties criticized the LEI Report for assuming that the current energy-only market and
policy would remain unchanged in its modelling. Parties were eager to suggest changes that
would alleviate or mitigate the impacts that LEI identified. However, the Commission
emphasizes that LEI’s scope was intentional. The Commission recognizes that in addition to the
AUC’s inquiry, the government directed both the AESO and the MSA to consider potential
changes to the market, while also consulting on policy changes itself. As such, the Commission
recognized that any work it conducted on potential changes was not only outside the scope of its
mandate but would be duplicative of other work. As such, the Commission chose to focus its
inquiry on the current framework.

Observation: Under the current market design, increased renewables will exacerbate
supply adequacy issues.

35. To better understand the impact of renewables on supply adequacy, LEI also developed
cases with additional renewable generation. Its More Renewables cases included an additional
2,100 MW in the near term and an additional 2,400 MW in the longer term (2034-2040). The
additional renewables decreased pool prices resulting in existing dispatchable generation being
more likely to retire and new dispatchable generation less likely to enter the market. As shown in
Figure 2, this exacerbated supply adequacy issues, resulting in higher levels of expected
unserved energy.

Alberta Utilities Commission — March 28, 2024 8
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Figure 2.  Expected unserved energy under base cases vs More Renewables Calibrated cases for 203812

Forecasted EUE in 2038 under different scenarios (MWh)

2035 Base Case

2050 Base Case

AESO projected
Resource Adequacy

*— Threshold for2033
(~1,135 MWh)
2035 More Renewables Calibrated
2050 More Renewables Calibrated
10,000 20,000 30,000 40,000 50,000
EUE (MWh)
36.  Some parties indicated that LEI’s More Renewables cases are not realistic. They

submitted that the cases add immature projects that are unlikely to all be constructed, that current
levels of transmission congestion are likely to delay some renewable additions, and that since
additional renewables will depress the price that renewables receive, that it will become more
difficult to finance new renewable projects. The Commission accepts that the level of renewable
integration in LEI’s More Renewables cases is unlikely to occur at the rate modelled.
Nonetheless, the Commission finds it to be a helpful illustration of the directional impacts of
additional renewables.

Observation: Renewables lower pool prices and increase volatility, reducing the signal for
dispatchable generation to enter the market.

37.  The LEI Report finds that the current energy-only market design does not provide
sufficient economic incentives to ensure adequacy of supply in all hours. Growing levels of
renewable generation result in lower pool prices, which dampens the investment signal for
dispatchable generation.

38.  Increased renewables lead to a greater frequency of zero-priced hours, as shown in
Figure 3.

12 Exhibit 28542-X0049.01, Expert Report - London Economics International - Cover Report, PDF page 18.
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Figure 3.  Number of hours with pool prices at zero under normal weather conditions >

# of hours with Pool Prices at $0/MWh (Base Case vs More Renewables Calibrated Case)
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39.  Increased zero-priced hours, and lower pool prices generally, reduces the profitability of
thermal generators, with existing thermal generators becoming more likely to retire and new
thermal generators less likely to enter the market. With less dispatchable generation, there is
greater potential for supply adequacy shortfalls.

40.  LEI’s model tracks the revenues earned and costs incurred by generation assets in the
energy market, comparing the forecasted net profits of the generation assets against the capital
costs. The results confirm the findings of the AESO’s preliminary 2024 Long-term Outlook
(LTO) that additional investment cannot be supported by the forecast market prices. In addition,
LEI’s modelling shows that under the forecast conditions, dispatchable new generation is
generally not earning a robust return on investment until the late 2030s.

41.  Parties raised concerns that LEI’s modelling had overly relied on the AESO’s LTO.
Stakeholders identified the draft nature of the LTO and submitted that LEI failed to question the
AESQ’s assumptions.

Observation: Newer low-carbon technologies could be considered first-of-a-kind and have
a greater level of associated risk, particularly under a target to decarbonize by 2035.

42. Parties commented that the LTO’s inclusion of new generation technologies such as
hydrogen-based generation, carbon capture and storage technology, and small modular nuclear
reactors pose significant risks as the timing and costs of those technologies are uncertain. LEI’s
analysis indicates that even with the currently assumed costs, hydrogen-based generation and
natural gas with carbon capture and storage would under earn in the first 10 years of the forecast
period. The Commission acknowledges that these newer technologies are not yet commercially
proven in power generation applications and have a greater level of risk associated with them,
which is particularly acute under a target to decarbonize by 2035.

43. Other parties submitted that the AESO has historically been overly cautious in its
forecasting and has failed to accurately predict how quickly new technologies may be adopted.
In particular, parties focused on the potential for energy storage to play a significant role in
mitigating impacts to supply adequacy. They submitted that while the AESO’s LTO contains

13 Exhibit 28542-X0049.01, Expert Report - London Economics International - Cover Report, PDF page 17.
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approximately 500 MW of battery storage, there is 7,000 MW of proposed storage currently in
the AESO’s connection process. Parties identified that storage could be used to transfer energy
from periods of supply surplus, where renewables may be curtailed, to times of supply shortage.
They identified that storage would be able to take advantage of the price volatility shown in the
LEI Report, which indicated an increase in the number of hours with $0/MWh prices and hours
with prices greater than $500/MWh.

Observation: Energy storage can play a role in reducing supply adequacy issues but is not
a complete solution and is not expected to be economic under the current energy market
and AESO tariff.

44, The Commission notes that the LEI Report finds that under the current market design,
additional storage would generally not be profitable based on energy market revenues and that
storage would rely on revenues from the ancillary services markets.' The Commission accepts
that storage has the potential to play a significant role in mitigating issues related to supply
adequacy, however, for the benefits of storage to materialize, changes to the current market
design and framework will likely be required. Stakeholders identified increasing the price cap,
decreasing the price floor and creation of a storage-specific tariff as potential means to
incentivize storage development.

45. The Commission also recognizes that the LEI Report forecasts the potential for extreme
supply adequacy events that could last up to 23 hours; currently, the most economic forms of
energy storage are short term (approximately four hours in duration) and would not, on their
own, be able to resolve these types of events. As such, the Commission cautions that storage is
not a complete solution to the forecasted supply adequacy issues.

Observation: Given the scale of expected unserved energy, minor changes to supply mix
assumptions do not alleviate supply adequacy concerns.

46. The Renewable Generators Alliance retained Power Advisory to prepare models
responding to the LEI Report. Power Advisory first modelled the system using the same
assumptions as LEI and the AESO and found that the results were largely in line with those of
LEI and the AESO. One notable difference is that Power Advisory’s model has significantly
higher prices in its 2035 base case between 2035 and 2038.

14 Exhibit 28542-X0050, Expert Report - London Economics International - Annex 1 - Scenario Analysis,

PDF pages 33 and 34.
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Figure 4.  Power Advisory 2035 base cases average annual pool price's
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47.  Power Advisory then modelled five different scenarios in which it added: (1) incremental
gas generation, (2) incremental energy storage, (3) incremental wind and solar generation,

(4) incremental gas generation and incremental energy storage and (5) incremental wind and
solar generation and incremental energy storage. The different scenarios had varying degrees of
impacts but generally resulted in both lower levels of expected unserved energy and lower pool
prices. The hybrid scenario with incremental gas generation and incremental energy storage, in
which Power Advisory included an additional 330 MW of gas generation, 795 MW of long-term
(pumped hydro and compressed air) storage and 180 MW of short-term (battery) energy storage,
was the most effective at reducing expected unserved energy.

48. However, it is unclear to the Commission if the additional assets that Power Advisory
included would be economic. The additional generation contrasts with LEI’s findings that
dispatchable generation is not earning a robust rate of return until the late 2030s. There is no
analysis of the costs of the long-term energy storage in Power Advisory’s report. Further, the
ability to add incremental generation may be reliant on the increased prices in Power Advisory’s
base case between 2035 and 2038. Power Advisory stated that, in accordance with the draft
Clean Electricity Regulations, it restricted fossil fuel assets to run no more than 450 hours in a
year after 2035, whereas the AESO and LEI appeared to exempt coal-to-gas units from this
restriction until their retirement in 2037. Power Advisory stated it was not aware of such an
exemption, and thus their model restricts those units, resulting in higher prices.

15 Exhibit 28542-X0088, Renewable Generators Alliance - Attachment - Expert Report of Power Advisory LLC,

PDF page 8.
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49. The Commission understands that the AESO and LEI’s exemption of coal-to-gas units is
consistent with the current draft of the Clean Electricity Regulations. Annex 1 of the draft
Clean Electricity Regulations states:

A unit that ceased burning coal and has been "significantly modified": Starting on the
latter of January 1, 2035, or January 1st of the year after its life extension under the
Regulations Limiting Carbon Dioxide Emissions from Natural Gas-fired Generation of
Electricity, the proposed performance standard would apply. [emphasis added]

50.  Because the regulations state that the performance standards could potentially start on a
later date than January 1, 2035, the Commission considers that some coal-to-gas units may be
able to run for more than 450 hours beyond 2035 and, as such, places greater weight on the price
forecasts in the LEI Report relative to the Power Advisory Report.

51.  Most importantly, Power Advisory’s scenarios do not completely eliminate expected
unserved energy. Expected unserved energy under the hybrid gas and storage scenario was still
2,049 MWh in 2038; above the AESO’s resource adequacy threshold of 1,135 MWh. The
Commission observes that even this smaller amount would be an unprecedented amount of load
being shed and the Commission considers it would not be acceptable to Albertans in any
category of consumer.

52. Overall, the Commission recognizes that the scenarios identified in the AESO’s LTO,
and therefore modelled in LEI’s analysis, are unlikely to occur exactly as forecast. Ultimately,
the retirement of existing assets and construction of new generation will be determined by the
market, including commercial incentives in contracts. However, the Commission is satisfied that
the scenarios provide relative and directional guidance on issues that may arise under the existing
market design. Several parties agreed with LEI’s results and confirmed they are consistent with
their own modelling. Further, Power Advisory’s analysis provides important evidence that even
with different assumptions around supply mix, supply adequacy remains an issue.

4 Affordability
53. LEI’s forward-looking analysis was also used to analyze the future cost of electricity.

Observation: Under the current market design, pool prices are initially stable, but are then
expected to increase at a rate above inflation in the 2030s. An increased rate of
decarbonization, i.e., net zero by 2035 instead of by 2050, will exacerbate affordability
issues.

54.  Inthe short term, the LEI Report shows prices declining from the recent high levels; this
is a result of the more than 2,000 MW of natural gas generation anticipated to come online in
2024. The LEI Report finds that pool prices will increase sharply in the late 2030s. It states that
this increase is primarily driven by two factors: carbon costs and reliability events. The report
also identifies that pool prices will become more volatile over time. While increased renewables
will result in an increase in the number of zero-priced hours, a tightening capacity reserve margin
will result in more frequent price spikes. As shown below, the LEI Report finds that
affordability, based on pool prices, is expected to be worse under the 2035 Base Case than the
2050 Base Case.

Alberta Utilities Commission — March 28, 2024 13
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Figure 5.  Comparison of pool price forecast under 2035 and 2050 base cases'®

Annual average Pool Price forecast for LEI’s Base Cases (weather normal)

250

Forthe 20-year forecasts, LEl ran its simulation model 10 times
(seeds), with andomized forced outages and maintenance
schedules, which resulted in a range of energy price outcomes.
The shaded areas represent the range of annual average price
200 outcomes modeled by LEI, and the solid lines represent the
average of the 10-seed results under each Base Case.

150

100

Nominal $/MWh

| S

50

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043

—) ()35 Base Case 2050 Base Case

55. The LEI Report finds that residential electric bills are expected to increase at a rate
greater than inflation in the later years of the forecast period. Under the 2035 Base Case,
residential electric bills are expected to increase at a province-wide average compound annual
growth rate of 1.9 per cent per year from 2025 to 2030 and then a much higher rate of

6.8 per cent per year from 2030 to 2040. Under the 2050 Base Case, residential electric bills
increase by a compound annual growth rate of 1.6 per cent per year from 2025 to 2030 and

4.3 per cent per year from 2030 to 2040. These increases are primarily driven by the increase in
pool prices rather than costs associated with transmission and distribution. Despite these higher
prices, as mentioned above, consumers face a lower level of service reliability.

56.  Wind and solar generally offer their energy in the market at §0/MWh. As previously
discussed, LEI developed cases with additional renewable generation. As shown below, the
LEI Report finds that the increased renewables cases decrease pool prices.

16 Exhibit 28542-X0088, Renewable Generators Alliance - Attachment - Expert Report of Power Advisory LLC,

PDF page 19.
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Figure 6.  Pool prices assuming more renewable capacity'’
Annual average Pool Price forecast for LEI’s Base Cases and
More Renewables Cases (weather normal)
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57.  Residential bills also decreased with additional renewable generation. For example, under
LEI’s 2035 More Renewables Calibrated Case, residential bills had a province-wide compound
annual growth rate of 3.7 per cent, down from 4.2 per cent under the 2035 Base Case. The

LEI Report showed that the estimated $1.9 billion in additional transmission costs that would be
needed to integrate the additional renewables would be more than offset by the decrease in pool
prices.

58. Several parties supported LEI’s conclusion that renewables assist with affordability and
emphasized that the growth of renewables has benefited the provincial economy.

59. Some parties submitted that LEI’s affordability analysis is primarily focused on
residential bills, with no analysis of costs to commercial or industrial consumers. Industrial
customers highlighted that transmission costs are a significant concern. They submitted the
importance of changes to policies and regulations that would enable the principle of cost
causation to be reflected in transmission tariffs to ensure fair and equitable cost recovery of
transmission infrastructure.

60. Currently in Alberta, with few exceptions, load pays for the costs of transmission
infrastructure. However, the Commission recognizes that the transition to a net-zero electric
sector will continue to drive transmission costs that are not being caused by load. The AESO’s
most recent Long-Term Plan identifies several major transmission projects required to integrate
additional renewable generation onto the system. As such, generators, rather than load, may be in
the best position to make decisions that would mitigate transmission costs. However, there is

17" Exhibit 28542-X0088, Renewable Generators Alliance - Attachment - Expert Report of Power Advisory LLC,
PDF page 20.
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currently little incentive and, in the Commission’s view, insufficient locational signals to lead
generators to make such decisions.

61. The LEI Report includes an illustrative analysis comparing the cost of acquiring
electricity from the grid as opposed to installing an off-grid solution, i.e., a combined cycle gas
turbine with peaker backup, for a large industrial consumer. It shows that under the 2035 Base
Case, an off-grid solution will have lower levelized costs than acquiring electricity from the grid.
Under the 2050 Base Case, an off-grid solution is lower in the early years but grid services
would have a lower cost beyond 2031.

62. The Commission recognizes that the Minister of Affordability and Utilities has already
communicated that changes to the allocation of transmission costs should be expected.'®

5 Role of demand response

Observation: Demand response has some potential to mitigate supply adequacy impacts
and reduce future costs to electricity consumers.

AUC Commitment: The Commission will explore demand response opportunities,
including exploring time varying rates as a priority item in the near term.

63. Many parties identified that demand response could play a role in mitigating both supply
adequacy and affordability issues. Parties indicated that the identified issues highlighted the need
for policies that provide consumers with enhanced choice and flexibility in managing their
electricity costs. They stated there is a need for improved price signals for load to respond to
reliability events and to optimize the transmission and distribution systems. Parties also
identified time-of-use rates as a method used in other jurisdictions that could result in significant
savings.

64.  While LEI did not explicitly study demand response, it did study the impacts of
decreased demand in single years. These “demand-shock’ scenarios, where supply mix was held
constant, showed significant decreases to costs and supply adequacy events in response to
decreased demands.

65.  Under the 2035 Base Case, a 3.5 per cent decrease in demand, decreased annual average
pool prices by 15 to 18 per cent. Under the 2050 Base Case, a similar demand decrease resulted
in annual average pool prices decreasing by 13 to 16 per cent.

66.  Further, the LEI Report estimated that if the supply mix were held constant, between
850 to 1,200 MW of additional dispatchable demand-side resources by 2038 could reduce
unserved energy events to levels within the AESO’s resource adequacy threshold.

18 Policy Guidance to the Alberta Utilities Commission, February 28, 2024.
https://www.alberta.ca/system/files/au-minister-neudorf-letter-to-auc-20240228.pdf

Alberta Utilities Commission — March 28, 2024 16


https://www.alberta.ca/system/files/au-minister-neudorf-letter-to-auc-20240228.pdf

AUC inquiry into the ongoing economic, orderly and
Module B Report efficient development of electricity generation in Alberta

6 Stakeholder perception of the Alberta power market

67. The AUC retained FGS Longview to conduct a market perception study to review the
attractiveness of Alberta’s power market from an investor perspective and identify the drivers
behind changes in stakeholder perceptions. The report is representative of some viewpoints but
should not be taken as a comprehensive scan of all stakeholder perceptions.

Observation: Investors are concerned about the current level of policy uncertainty.

68. The FGS Longview’s Report!® indicates that stakeholder perception of Alberta’s power
market is highly varied and changing rapidly. However, the report highlights that policy
uncertainty stands out as a key factor of changing stakeholder perception among all participant
groups. It states that “[pJolicy uncertainty is leading to a reduction in appetite for investment
from both incumbent and non-incumbent generators as well as from providers of capital.” This
uncertainty has increased over the past decade, which is preventing investors from being able to
accurately project future market and policy environments, and accordingly, model project
revenues.

69. The FGS Longview Report states that most participants indicated that their primary
concerns were short term, stemming from the unfinalized Clean Electricity Regulations, the
provincial pause on renewables and other policy proposals being considered at the federal and
provincial levels.

70. The FGS Longview Report found that participants generally agreed “that the existing
energy-only model is well positioned to deliver on concurrent goals of emissions reduction and
affordability, but many participants indicated that the existing market framework was not set up
to deliver on reliability.”

7 Conclusion

Observation: By the late 2030s, under the existing market framework, consumers would be
paying significantly higher rates for electricity, while receiving a substantially lower level
of reliability. Given this, changes to the energy market and policy framework are
necessary.

71. The transition to a net-zero electricity sector must balance decarbonization with
affordability and reliability. The large amount of expected unserved energy and the steep rise in
residential bills in the 2030s shown by the LEI Report demonstrate that higher levels of
renewables will have significant impacts on reliability and affordability under the existing
market design. The forecast amount of expected unserved energy far exceeds what Albertans
have experienced historically. This is not an acceptable outcome, particularly given the higher
rates that consumers would be paying for electricity.

19 Exhibit 28542-X0047, Expert Report - FGS Longview - Market Perception Study.
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72. On March 11, 2024, the Minister of Affordability and Utilities directed the AESO to
work with industry and stakeholders to design a restructured energy market. As the adjudicator
of changes to the AESO market rules, the Commission takes no current position on what specific
market changes are required. However, the Commission finds that the current market is not
sustainable in the long term.

73. Changes to the energy market were outside the scope of LEI’s analysis, however, it
asserted that the reliability events and large price increases identified could be averted with
balanced and thoughtful modifications to the current market design. Many stakeholders
supported this statement and expressed support for a continued energy-only market. The
FGS Longview Report similarly found that most participants preferred maintaining the
energy-only market, with minor revisions to address reliability issues.

74. Parties also emphasized the importance of consultation when considering any changes to
the market. The Commission anticipates the AESO, acting on stated government policy advice,
to immediately begin the consultation process to implement changes to the market in a timely
manner.

Dated on March 28, 2024.

Alberta Utilities Commission

Carolyn Dahl Rees
Chair

Michael Arthur
Commission Member
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Province of Alberta
Order in Council

Approved and ordered:

~

/fy(cvé/ua%

0.Cc. 171/2023
AUG 0 2 2623

ORDER IN COUNCIL

\Fhe Lieutenant Governor in Council

Lieutenant Governor

or
Administrator (a)
and
(b)
CHAIR

orders the Alberta Utilities Commission to inquire into and
report to the Minister of Affordability and Utilities on the
ongoing economic, orderly and efficient development and
operation, in the public interest, of electricity generation in
Alberta, in accordance with the terms of reference in the
attached Schedule,

determines that the Alberta Utilities Commission has the
same power with respect to ordering by whom and to whom
its costs and other costs of, or incidental to, the inquiry
described in clause (a) are to be paid as the Commission has

with respect to its hearings and other proceedings.

For Information only

Recommended by: Minister of Affordability and Utilities

Authority: Alberta Utilities Commission Act

(section 8)



SCHEDULE

Terms of Reference for an Inquiry into the ongoing economic, orderly and efficient
development of electricity generation in Alberta

WHEREAS the Government of Alberta recognizes that the development of new renewable electricity will
play an important role in the province’s sustainable energy future;

WHEREAS the growth in new renewable electricity and other distribution connected generation in
Alberta have materially increased;

WHEREAS the anticipated growth of renewable electricity developments is expected to have impacts on
lands and the reliability of the Alberta Interconnected Electricity System;

WHEREAS in anticipation of continued growth in new renewable electricity, the Government of Alberta
is concerned about impacts to lands used for agricultural purposes and high value environmental land
such as native prairie, mountains and wetlands, and to the impact on Alberta’s pristine viewscapes;

WHEREAS in anticipation of continued growth in new renewable electricity, the Government of Alberta
is concerned about reclamation of agricultural and high value environmental lands;

WHEREAS in anticipation of continued growth in new renewable electricity, the Government of Alberta
is concerned about the impact to Alberta’s generation supply mix and electricity system reliability;

WHEREAS new renewable electricity developments may be proposed on Crown land;

THEREFORE, the following terms of reference apply in respect of the inquiry into and report to the
Minister of Affordability and Utilities on the ongoing economic, orderly and efficient development of
electricity generation in Alberta:

1. The Alberta Utilities Commission (AUC) shall inquire into the following matters for the
purposes of gathering and providing information to government:

a. Considerations on development of power plants on specific types or classes of
agricultural or environmental land,

b. Considerations of the impact of power plant development on Alberta’s pristine
viewscapes;

c. Considerations of implementing mandatory reclamation security requirements for
power plants;

d. Considerations for development of power plants on lands held by the Crown in
Right of Alberta;

e. Considerations of the impact the increasing growth of renewables has to both
generation supply mix and electricity system reliability.

2. In conducting the inquiry, the AUC shall hear from interested parties.



3. The AUC’s report:

a. shall make findings or provide observations or considerations for options, as it
deems appropriate, based on its analysis of the evidence received during the
inquiry and in accordance with these terms of reference;

b. shall be submitted to the Minister of Affordability and Utilities no later than
March 29, 2024.
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1 Executive summary

In August 2023, the Alberta Government initiated an Inquiry into the impact of
renewable generation on the reliability and affordability of electricity in Alberta

The Government of Alberta directed the Alberta Utilities Commission (“AUC”) to launch an
Inquiry into the impact of the growing level of renewable energy on the Alberta electricity
system.! Specifically, the AUC was directed to examine changes in the generation supply mix,
system reliability, and customer affordability as a result of the growth of renewable generation
in the Alberta electricity market.2

London Economics International LLC (“LEI”), a global economic, financial, and strategic advisor
in energy, water, and infrastructure, was hired to conduct a forward-looking analysis, in the
context of the province’s current wholesale market design and policy environment and
leveraging data and analysis from the Alberta Electric System Operator (“AESO”). The forward-
looking analysis began with two Base Case outlooks for the Alberta electricity sector over the next
20 years - one Base Case was designed to reflect federal draft Clean Electricity Regulations
(“CER”),? referred to as the 2035 Base Case; the other Base Case is consistent with the province’s
Alberta Emissions Reduction and Energy Development Plan,* referred to as the 2050 Base Case.
These Base Cases represent two different decarbonization policy pathways for the Alberta
electricity sector - decarbonization by 2035 versus decarbonization by 2050. Additional scenarios
were also analyzed layered on top of these two Base Cases - to test the impact of even more
renewables (the More Renewables Cases) and to test the impact of demand shocks (the Lower
Demand Cases). This report summarizes the results of that analysis.

More detail on the origins of this analysis can be found in Section 2.

Mandatory and voluntary efforts to decarbonize are impacting the Alberta
electricity sector

Alberta has a real-time energy-only electricity market. Inherent in this electricity market design
is the fact that the signal to attract further investments in generation lies entirely in investor
expectations for energy prices (referred to as “Pool Prices” throughout this report). Furthermore,
Alberta’s existing electricity market framework does not mandate a specific quantity of new
investment on a going forward basis or any system reliability requirements. The quantity and
type of investment in new generation assets are ultimately determined by whatever market forces

1 Government of Alberta. Order in Council 171/2023. August 2, 2023.

2 After the Alberta government issued the order-in-council establishing the terms of reference for the Inquiry, the
Ministry of Affordability and Utilities issued a press release and fact sheet that emphasized the government’s
interest in considering both affordability and reliability impacts to the grid from additional intermittent power
sources. See Alberta Ministry of Affordability and Utilities. AUC approvals pause for renewable projects: Minister
Neudorf. August 25, 2023.

3 Government of Canada. Canada Gazette, Part I, Volume 157, Number 33: Clean Electricity Regulations. August 19, 2023.

4 Government of Alberta. Alberta emissions reduction and energy development plan. April 2023 (updated January 2024).
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can support. LEI conducted its forward-looking analysis and modeling based on this Alberta-
specific market context and design.

Alberta, like many other jurisdictions around the world, is contending with the impact on its
electricity market of external developments driven by government, business, and consumer
commitments to decarbonizing the economy. The federal draft CER requires all electricity
generation that falls under the CER requirements to be net zero by 2035, which would compel all
fossil-fuel fired power plants to retrofit with carbon capture technology or face significant
operational restrictions.

At the same time, due to corporate Environmental, Social, and Governance (“ESG”)
commitments, the presence of a functioning competitive electricity market, and Alberta’s
reputation as a relatively easy place to develop new generation projects, a large amount of new
renewable energy projects have been built in recent years and continue to be planned. The
construction of these projects does not depend solely on revenues from the Alberta wholesale
electricity market. These dynamics are creating unique challenges in Alberta due to the small size
of its electricity system, its energy-only electricity market design, and the lack of any reliability
mandate as part of its electricity market.

More details on the Alberta market context can be found in Section 3.

LEI used simulation modeling to dynamically assess market outcomes over the
next 20 years

LEI used its proprietary simulation-based modeling tools to analyze the impact of renewable
energy generation on the reliability and affordability of Alberta’s electricity system over the next
20 years. Simulation modeling is required because we cannot simply assume that supply and
demand remain the same. Our modeling suite allows us to assess how different generation
technologies perform operationally and economically in the market, and dynamically integrate
those considerations to determine the future evolution of electricity supply.

This analysis is adapted to Alberta’s specific and unique characteristics. LEI's wholesale market
analysis includes strategic bidding to assess the impact of economic withholding. LEI considered
external drivers to develop a variety of reasonable scenarios. LEI also analyzed the impacts of
different weather conditions and generation outage patterns to understand the prospect for
system reliability - supply adequacy - with the evolving supply mix.

Outcomes from LEI's wholesale energy modeling are also used to project total electric bills for a
typical residential customer in Alberta, to assess the impact of increased renewables on
affordability. We paired the outlook for the cost of electricity supply under each scenario with
the likely evolution of transmission and distribution system costs to develop an estimate of total
electric bills.

More details on the modeling methodology and assumptions can be found in Section 4.
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Key findings

The electric grid will become less reliable: by the late 2030s, there is potential for
unprecedented load shed in Alberta under the current electricity market design, regardless of
the specific decarbonization policy pathway, because of insufficient supply

The current energy-only market design does not provide sufficient economic incentives to
ensure electric system reliability in Alberta under the modeled conditions

Growing levels of renewable generation result in lower Pool Prices, dampening the
investment signal under the current market design and causing system reliability to decline

Under all scenarios modeled, Alberta’s electric system reliability performance worsens over the
longer term. This result is based on the continuation of the current energy-only market design
and associated policies, as well as implementation of decarbonization policies. Severe supply
adequacy problems start to emerge in the mid-2030s. By the late 2030s, reliability risk under the
2035 Base Case is expected to be worse than the 2050 Base Case - although under both Base Cases,
the level of reliability by the late 2030s would be materially worse than the level Albertans have
been accustomed to. In the 5% most severe reliability events, nearly 10% of demand would not
be met, with unserved load events that last for almost an entire day (23 hours). Supply adequacy
problems emerge even sooner (in the next five years) if low Pool Prices motivate significant
retirements of coal-to-gas units in the short term, without sufficient incremental new dispatchable
resources (i.e., generation that can be effectively turned on when needed).

It is important to keep in mind that the forward-looking analysis is subject to technological risk.
LEI's analysis relies on AESO’s preliminary 2024 Long Term Outlook (“LTO”) supply mix
assumptions, which incorporate new generation technologies including hydrogen-based
generation, carbon capture technology, and in the very long term, the installation of small
modular nuclear reactors. LEI took these assumptions as a given and did not model the possibility
of delays in construction or higher costs to construct, nor the possibility that these technologies
would operate in a different way than currently expected. Although unquantified, these risks
would put further pressure on supply adequacy and system reliability.

Furthermore, LEI finds that additional renewables exacerbate Alberta’s electricity reliability
problems around supply adequacy because they result in lower Pool Prices, which deteriorates
the earnings of and dampens investment signals for other supply resources under the current
market design.

More details on findings related to reliability can be found in Section 5.

Average Pool Prices will increase sharply in the late 2030s: Pool Price trends are driven by
carbon policies and the costs of reliability events

Pool Prices rise over the 2024-2043 time horizon, driven by carbon costs as well as the cost of
reliability events. At the top end, Pool Prices are estimated to grow from an average of $81/MWh
in 2024 to $200/ MWh by 2043 under the 2035 Base Case. The 2035 Base Case sees higher price
increases than the 2050 Base Case due to the draft CER'’s stricter rules and accelerated net zero
implementation timeframe. Additional renewables moderate these price increases but worsen
supply adequacy.
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More details related to findings on Pool Prices can be found in Section 6.

Residential customer electric bills are expected to outpace inflation in the later years of the
forecast period, at a similar trajectory to forecasted Pool Prices

Despite higher electric bills, there is worsening service reliability as compared to today

Under all scenarios, residential electric bills are expected to increase much faster than inflation in
the later years of the forecast period, largely driven by the increase in Pool Prices. Importantly,
customers not only face these higher bills, but also receive a lower level of service reliability than
they are accustomed to. However, such outcomes assume a continuation of the status quo - the
current energy-only electricity market design and associated policies. Although outside the scope
of LEI's study, we believe these outcomes could be averted with balanced and thoughtful
modifications to the current electricity market design.

Additional renewables moderate electric bill increases through a decrease in Pool Prices, although
those scenarios also require more transmission investment, muting the overall impact.

More details related to findings on residential customer bills can be found in Section 7.
Roadmap to more detailed information

This document is a high-level summary of LEI's analysis. LEI has compiled three Annexes that
provide more detail on the modeling approach, the different scenarios analyzed, key underlying
assumptions and inputs, and detailed modeling results and findings. A list of these Annexes is
provided in Section 8.
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2 AUC Renewables Inquiry and LEI’s scope of work

21 AUC Inquiry to assess the impact of renewables on reliability and affordability

On August 2, 2023, the Government of Alberta issued a new regulation temporarily pausing
approvals under Section 9 or 11 of the Hydro and Electric Energy Act in respect of a hydro
development or power plant that produces renewable electricity.> Simultaneously, the
Government of Alberta asked the AUC to conduct a public inquiry (the “Renewables Inquiry”)
and issue a report no later than March 29, 2024; the terms of reference for this Renewables Inquiry
include a “consideration of the impact the increasing growth of renewables has to both generation supply
mix and electricity system reliability” - this is the initial focus of LEI's study.

On August 25, 2023, Minister Neudorf issued a press release and fact sheet on the Renewables
Inquiry and Related Pause that emphasized the Government of Alberta’s concern with both
affordability and reliability impacts to the grid from additional intermittent power sources.” Thus,
affordability became another focus of LEI's study.

The Inquiry terms of reference and the additional context from the Minister of Affordability and
Utilities guided LEI's scope of work.

2.2 LEI's scope: analysis to focus on existing market design, leveraging AESO
analysis

The AUC and LEI agreed to examine the Inquiry topics through the lens of Alberta’s current
energy-only electricity market design and existing policy framework.8 Market design issues were
outside the scope of LEI's study. As a result, LEI's modeling and analysis assumed the following:

e Market design consists of a single clearing price real-time energy-only market with simple
price/quantity offers;?

e Pool Prices that are above marginal costs continue to be permitted, in order to provide an
investment signal under the current market design;

¢ Real-time energy price is limited to a $0/MWh floor and $1,000/ MWh cap;

¢ No day-ahead unit commitment; no start-up cost recovery guarantees; and

e The existing Transmission Regulation policy is maintained, such that LEI's modeling
assumes an uncongested transmission system and continues to use a single clearing price
for all generation producing energy in a given hour.

5 Government of Alberta. Order in Council 172/2023. August 2, 2023.

6 Government of Alberta. Order in Council 171/2023. August 2, 2023.

7 Alberta Ministry of Affordability and Utilities. AUC approvals pause for renewable projects: Minister Neudorf. August 25,
2023.

8 AUC. Expert reports — scope of work (Exhibit 28542-X0004). October 24, 2023.

9 Ancillary services are procured separately through sequential auctions held day-ahead on the NGX platform.
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How are hourly Pool Prices set in Alberta?

The Alberta wholesale market for electricity is a single-price, competitive energy market, in
which market outcomes (e.g., price and dispatch of power plants) are determined by the
intersection of demand and supply, subject to certain limitations, such as the price floor at
$0/MWh and $1,000/ MWh price cap. Generators offer to produce energy at a certain price.
The generators” offers are the supply curve in the illustration below, while the vertical line
reflects the electricity load on the grid that must be met (the demand). AESO, as the system
operator, determines the most economic (least cost) dispatch of generators, based on their
offers. This happens on a minute-by-minute basis, as demand and supply are constantly
changing. The hourly average of the minute-by-minute prices is known as the hourly Pool
Price. Generators that are producing electricity within a specific hourly interval get paid the
Pool Price and buyers of electricity must pay the Pool Price.

Demand
A

Supply

Hourly Pool Price

Prices ($/MWh)

Quantity (MW)

In addition, the AUC requested that LEI leverage research and analysis conducted by the AESO.
LEI used the AESO’s load forecast, retirement schedule, and generation supply assumptions from
its preliminary 2024 LTO released on November 15, 2023.10 The AESO’s preliminary 2024 LTO
provided the first set of scenarios for LEI's analysis, representing two different decarbonization
policy pathways:

e 2035 Base Case, which assumes compliance with the federal draft CER; ! and
e 2050 Base Case, which is aligned with the province’s Alberta Emissions Reduction and
Energy Development Plan.12

LEI also developed additional scenarios to consider the impact of increasing renewables over
time, and of demand shocks (i.e., unexpected changes in demand) that result in lower demand,
as summarized in Figure 1 below.

10 AESO. Forecasting Insights.

11 Government of Canada. Canada Gazette, Part I, Volume 157, Number 33: Clean Electricity Regulations. August 19, 2023.

12 Government of Alberta. Alberta emissions reduction and energy development plan. April 2023 (updated January 2024).
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Figure 1. Overview of scenarios in LEI analysis

2 Impactof increasing
decarbonization policy renewables Impact of demand shocks
pathways to net zero
2035 More Renewables 2035 ~390 MW Lower Demand Case
2035 Base Case Calibrated Case 2035 ~800 MW Lower Demand Case
(Federal draft CER) (Federal draft CER with (Federal draft CER with 3.5% and
more renewables) 7.2% lower demand, respectively)
2050 More Renewables 2050 ~390 MW Lower Demand Case
2050 Base Case Calibrated Case 2050 ~800 MW Lower Demand Case
(Provincial plan) (Provincial plan with (Provincial plan with 3.5% and 7.2%
more renewables) lower demand, respectively)
The More Renewables Cases
introduce 4,520 MW of additional
renewables (relative to the Base
Cases) over the forecast period

Specifically, the More Renewables Calibrated Cases reflect two key considerations - first, the
impact of additional renewables on market outcomes (i.e., lower Pool Prices), and second, the
impact of those lower Pool Prices on other supply resources. Through financial analysis of
modeled market outcomes, LEI found that the Alberta energy-only market would not be able to
sustain as many non-renewable resources under the More Renewables Calibrated Cases as
compared to the Base Cases. LEI also tested different weather profiles to assess supply adequacy.
Assessing other dimensions of system reliability was out of scope for this analysis.

Details on the different scenarios and their underlying assumptions are available in Annex 1
(Scenario Analysis: Long Term Weather-Normal Energy Market Forecast).
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3 Mandatory and voluntary efforts to decarbonize are impacting market
outcomes

Many electricity markets around the world are starting to adjust to government policies to
decarbonize the economy, which includes reducing emissions from electricity sector generation
as well as electrifying buildings and transportation. Alberta is no different.

The federal government issued its draft CER in August 2023,3 which requires electricity
generation that meets the CER applicability criteria to be “net zero” by 2035. According to the
draft CER, the proposed regulations apply to all electricity generating units that:

a) have an electricity generation capacity of 25 MW or more;

b) generate electricity using fossil fuel; and

c) are connected to an electricity system that is subject to North American Electric Reliability
Corporation (“NERC”) standards.

These physically binding requirements would require any fossil fuel-fired facilities to retrofit
using carbon capture technology or face significant operational restrictions.’* Given that the
province of Alberta has already negotiated the retirement or conversion of coal-fired facilities
(with the last remaining coal facility slated for conversion to gas this year), the draft CER would
mainly impact gas-fired generation. Currently, gas-fired generation represents over 59% of total
capacity, and in recent years has produced 64% of annual energy transmitted on the Alberta
Interconnected Electric System (“AIES”).15

Concurrently, the province has experienced a large buildout of renewable energy capacity, as
shown in Figure 2 below, driven in large part by the ease of building and operating merchant
generation in Alberta, as well as the corporate interest in meeting ESG commitments. Many of
these projects are not wholly dependent on revenues from Alberta’s energy market. As a result,
more than 6,000 MW of renewable capacity has been installed in Alberta since 2000, with another
3,395 MW under construction, 3,588 MW with regulatory approval from the AUC, and another
30,250 MW of projects that have either been announced, applied for connection to the AESO,
and/or applied for regulatory approval, according to AESO’s November 2023 Long-term
Adequacy (“LTA”) Report.’e While renewable energy has no emissions, it can only generate
electricity when the sun is shining, or the wind is blowing; this reliance on weather conditions
can create volatility in the availability of resources to serve load from one hour to the next (and
even on a sub-hourly basis). As the quantity of renewable generation grows, the magnitude of
weather-related supply uncertainty is expected to increase.

13 Government of Canada. Canada Gazette, Part I, Volume 157, Number 33: Clean Electricity Regulations. August 19, 2023.

14 Beginning January 1, 2035, new unabated fossil-fueled units will be limited in their operation to only 450 hours per
year (approximately 5% of the unit’s operating capacity), to meet additional generation requirements during
periods of peak electricity demand. Existing units commissioned before January 1, 2025 are expected to align
with the performance emissions standard by whichever comes first - January 1, 2035, or “following the unit’s
end of prescribed life,” which is defined as 20 years after its commissioning date. (Source: Ibid).

15 AESO ETS. Current Supply Demand Report. Last accessed February 1, 2024.
16 AESO. Long-term Adequacy Report. November 9, 2023.
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Figure 2. Evolution of installed electric generation capacity in Alberta

Evolution of installed electric generation capacity in Alberta (MW)
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Biomass & Other Storage Storage CCGT with CCS  Cogeneration
o,

3%

Biomass & Other 1% 3% 4% Hydrogen
2% Coal 1%

4% Biomass & Other,

2%

Hydro
5%

Solar
0%

Natural Gas
46%

Natural Gas
48%

Coal-to-Gas
13% Hydro

Coal-to-Gas
6%

u Coal = Natural Gas
= Coal-to-Gas Solar
® Hydro =Wind
Biomass & Other Storage
CCGT with CCS m Cogeneration Hydrogen

Sources: AESO. Annual Market Statistics Reports — 2010 to 2019; AESO. Annual Market Statistics Tableau Dashboard.

Alberta has several unique characteristics that make managing these developments challenging.
First, it is a relatively small electricity market with a peak demand of 12,384 MW7 and installed
capacity of 20,777 MW,18 with import limits on interconnections to neighbouring regions (none
of which have an organized energy-only market), and challenges in arranging exports to markets
further away.

Second, it has a relatively simple wholesale market design, with generators only earning revenues
from selling energy in the spot market and capacity into the much smaller ancillary services
markets (ancillary services are procured by the AESO to support the reliable operation of the grid
on a day-ahead basis). As more renewables come online, LEI's modeling indicates that Pool Prices
will more frequently end up at the price floor of $0/ MWh, which will mean other generators that
have to pay for fuel will be running in those hours at a loss. An increasing frequency of $0/ MWh
prices will challenge the economics for existing power plants and new dispatchable generation
investments, given that the energy-only market (and associated ancillary services markets) are
the only source of revenues under the province’s current electricity market design.

Third, Alberta’s current market design has no mandated reliability targets - which means that
there is no mechanism in the market (outside of the Pool Price) to compensate generators for
investing in new or expanded generation assets to ensure that there is reliable electricity supply
- and no process for ensuring the orderly retirement of generators.

17 AESO ETS. Historical Pool Price. Last accessed February 1, 2024.

18 AESO ETS. Current Supply Demand Report. Last accessed February 1, 2024.
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4 LEI used simulation modeling to dynamically assess market outcomes
over the next 20 years

41 LEI is an independent consultant with deep expertise in wholesale electricity
sector modeling

LEl is a global economic, financial, and strategic advisory firm specializing in energy, water, and
infrastructure. The firm combines a detailed understanding of specific network and commodity
industries, such as electricity generation, transmission, and distribution, with sophisticated
analysis and a suite of proprietary quantitative models to produce reliable and comprehensible
results. LEI has worked extensively with policymakers as they deal with the energy transition
due to the evolution of new technology, evolving consumer patterns, and new policy and
reliability challenges. LEI has over 25 years of experience working in Alberta and with clients
across the North American electricity sector. The firm has a balance of private sector and
governmental clients, which informs and enables us to advise on the impact of regulatory
initiatives on private investment, as well as predict the extent of possible regulatory responses to
individual firm actions.

LEI has a suite of proprietary modeling tools developed and refined over decades for focused use
in the electricity sector. Our modeling suite incorporates state-of-the-art statistical and game
theoretic techniques for analyzing competitive wholesale markets, cost-of-service datasets for
benchmarking and productivity trends, and practical and real-world financial models for
advising clients on participation in complex markets and optimization of their use of electricity.
Our tools are regularly relied upon by our clients to perform various market analyses or as inputs
to financial and economic modeling.

4.2 Simulation modeling is used to embed economically rational investment and
operational decisions over the 20-year timeframe

LEI used its proprietary simulation-based
modeling suite to project future market
outcomes and analyze the impact of

What is simulation modeling?

Generally, a simulation model is intended to

renewable energy generation on supply
adequacy and the cost of electricity over time.
Simulation modeling is necessary because the
Inquiry required an assessment of changes
into the future - namely, the growth of
renewables. We cannot simply assume that
supply and demand remain the same. LEI
completed the modeling over a 20-year
timeframe, consistent with industry best
practice.

LEI's analysis entailed three separate phases:

mimic real world dynamics. With respect to
the electricity market, simulation modeling
determines the dispatch of generating
resources in the market (by assuming that the
lowest cost generator is “dispatched” first in
each hour) to meet projected hourly load,
subject to technical assumptions regarding
generation  operating  capacity = and
availability of transmission. This analysis will
also produce a forecast of Pool Prices.

¢ Wholesale energy market modeling to assess market price outcomes and impacts to the

generation supply mix, assuming economically rational and competitive market-

motivated investment decisions. LEI used a proprietary module to ensure that the critical
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features of the energy-only market (i.e., economic withholding) were incorporated into
the forward-looking modeled conditions.

e Scenario analysis to test different external market drivers, such as carbon policy
pathways, pace of renewable development, and level of demand.

e Impact analysis to evaluate the impact of these different scenarios on supply adequacy
and on residential customer electric bills.

Figure 3. Overview of LEI’s modeling approach

Electricity
market outlook
o\

LEl used its
simulation-based
modeling suite to
forecast market
outcomes under
Alberta’s current
energy-only
electricity market
framework

LEl considered
key exogenous
drivers - like
carbon policy,
pace of renewable
development, and
level of demand -
in the simulation
modeling through
scenario analysis

Supply adequacy assessment

LElI simulated weather-based variability
and different plausible generation
outage patterns on top of the scenario
outcomes to develop a distribution of
potential market outcomes

Residential bill impacts

LEl paired the supply forecast from the

scenario analysis with transmission
and distribution cost projections to
assess affordability impacts

More information on LEI's modeling methodology can be found in each of the Annexes.
4.3 LEI leveraged AESO data and analysis to develop modeling assumptions

LEI used AESO’s modeling and underlying assumptions from its preliminary 2024 LTO,
including AESO's load forecast, supply projections (such as new investment and retirement), and
information about the cost of new generation resources.

To assess residential electric bill impacts, LEI relied on AESO’s 2022 Long-term Transmission
Plan? and more recent announcements from AESO’s 2023 Grid Reliability Update Stakeholder
Information Session.? In addition, LEI layered in other assumptions as needed, such as additional
transmission costs for scenarios with higher levels of renewables, based on AESO’s 2022 Net-Zero
Emissions Pathways Report,?! as well as assumptions about distribution system costs associated
with integrating increasing levels of solar distributed energy resources (“DERs”) and electric
vehicles (“EVs”), based on the recently released 2024 Net-Zero Analysis of Alberta’s Electricity
Distribution System.22

A detailed breakdown of LEI's assumptions and sources can be found in each of the Annexes.

19 AESO. AESO 2022 Long-term Transmission Plan. January 2022.

20 AESO. Grid Reliability Update Stakeholder Information Session. November 23, 2023.

21 AESO. AESQO Net-Zero Emissions Pathways Report. June 2022.

22 Guidehouse (prepared for the AUC). Net-Zero Analysis of Alberta’s Electricity Distribution System. January 22, 2024.
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5 Key finding: supply adequacy and system reliability will deteriorate

Supply adequacy and system reliability are -critical
components of any electricity system. Many use the term ' _
“reliability” as a catch-all, but there is a nuanced Supply adequ'af:y 15 hav%ng
difference. Supply adequacy focuses on having enough | enough electricity generation
electricity generation supply to meet hourly demand, SUP_PIYfO meet hourly demand,
taking into account planned and unplanned outages and | taking into account planned and
other factors that may impact demand or supply. System | unplanned outages and other
reliability is broader and includes elements such as inertia | factors that may impact demand
and frequency support. or supply.

What is supply adequacy?

In other words, supply adequacy is a component of system reliability. Other components of
system reliability include the ability to continuously balance supply and demand and maintain
adequate inertia and frequency on the grid. Therefore, supply inadequacy is one cause of poor
system reliability. LEI's analysis was limited to supply adequacy.

51 Current market design and policy will result in worsening supply adequacy

LEI analyzed the Base Cases and additional scenarios to
determine supply adequacy outcomes. Specifically, we
estimated the average size of unserved load (in MWh or % | Unserved load refers to instances
of annual demand not met), which is the amount of where not all customers’
demand that is not served when the system runs out of electricity dem:fmd can be met,
available supply to provide electricity to all customers. As regardless of price.

a result, the AESO would have to shed some load - which

means that some customers will not have electricity for some period of time. In the industry, this
is sometimes also referred to as a “rolling blackout”.2

What is unserved load?

Supply adequacy worsens over time across all scenarios tested by LEI. The growing levels of
intermittent renewables and decreasing amounts of dispatchable thermal generation (i.e.,
generation assets that can be “dispatched” at will and do not depend on weather conditions)
amplify the frequency and magnitude of unserved load events. Figure 4 below shows that these
supply adequacy problems start to become significant in the mid-2030s, even with “normal”
weather.2* By the late 2030s, reliability risk under the 2035 Base Case is expected to be worse than
the 2050 Base Case - although under both cases, the level of reliability by the late 2030s would be
at a level materially worse than what Albertans have been accustomed to, as indicated by the
modeled unserved energy crossing above the AESO’s Resource Adequacy Threshold (shown as
the red dotted lines in the charts below). The AESO has not had to implement rolling backouts

2 A rolling blackout entails the system operator intentionally cutting electricity to some customers in order to balance
supply and demand. A rolling blackout is therefore a partial outage of the electric system - in contrast with a
system-wide blackout, where the entire system is on outage.

24 LEI used actual weather data in its long term energy market modeling, in order to ensure realistic conditions. LEI
chose to use 2021 weather conditions (which impacted hourly renewable generation and hourly variation in
load) to represent “normal” weather, because 2021 conditions were closest to longer term averages and were
neither mild nor abnormally extreme in terms of weather factors that could skew the scenario analysis results
towards low likelihood events.
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since 2013. Moreover, the level of load shed projected far exceeds anything actually observed in
the modern history of the electric grid in Alberta.

Figure 4. Comparison of levels of demand unserved under the Base Cases with normal weather
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Notes:

- LEI ran its simulation model 10 times (seeds) for each year and scenario, with varying patterns of generation outage
schedules. The shaded areas in the charts above represent the range of modeled outcomes caused by these different
patterns of generation outages. The solid lines represent the average across the 10 seeds.

- AESO defines the Resource Adequacy Threshold as the 1-hour average Alberta internal load for a year divided by 10.
Converting to percentage terms is calculated as 1/8760/10 = 0.00114%.

What are the Supply Adequacy Shortfall Metric and Resource Adequacy Threshold in
Alberta?

While the Alberta energy-only electricity market has no mandated reliability targets, the
AESO is still required to report on long-term (2 year) resource adequacy metrics on a quarterly
basis. If the AESO identifies a two-year probability of supply adequacy shortfall, the AESO
may take specific preventative actions, including procuring load shed services, back-up
generation, or emergency portable generation.

The AESO also develops a Long Term Outlook every two years to forecast electricity demand
and generation over a 20-year horizon to inform its long-term plans. The LTO monitors
resource adequacy through a Resource Adequacy Threshold. This analysis is conducted for
information and planning purposes only - there is no mechanism for the AESO to procure
new generation even if reliability risk is found to exceed the threshold.

LEI has presented its analysis using the same metrics and AESO’s current benchmark for
acceptable reliability in Alberta.

LEI used a probabilistic analysis to also assess how weather would further interact with varying
generation outages. Further analysis of unserved load events indicates that, in the 5% most severe
reliability events, an average of 10% of demand would not be met; similarly, the 5% worst long-
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duration unserved load events would last for almost an entire day on average.?> The system is
projected to have the highest reliability risk during evening hours in the winter months. This
would be an unprecedented amount of load shed that Albertans have not experienced before.

This deterioration in supply adequacy is driven by the supply mix assumed in the AESO’s
preliminary 2024 LTO, which indicates that Alberta’s energy-only market will not provide a
sufficiently robust signal for additional investment in new dispatchable generation capacity.2

Historically, Alberta’s energy-only market design, which allows generators to offer bids above
their theoretical short-run marginal costs,?” created a robust enough signal for investment needs.
This negated the need for supply adequacy requirements or reserve margin mandates in Alberta
to ensure that the grid had enough electric generation capacity to meet hourly demand.

However, Alberta’s market design is coming under pressure from the impact of two different
developments: proposed environmental policies calling for a ‘net zero” mandate for electricity -
which will require fossil-fuel fired generators to retrofit or face significant operational restrictions
- and corporate interest in ESG - which is dramatically increasing the development of renewable
generation, independent of market price signals. Renewable generation provides clean energy,
but the production of that clean energy is not perfectly aligned with when consumers want their
electricity, nor can renewable generators control when (and in what quantities) they produce
electricity, creating an ongoing need for dispatchable generation.

As aresult, the electricity system, absent market design changes, will become less reliable than it
has been historically. LEI's analysis shows that the current compensation in Alberta’s energy-
only market - the Pool Price for energy - may not be sufficient to remunerate dispatchable
generators for their fixed costs and to prevent premature retirements or sustain a level of needed
incremental investment.

LEI identified that the provincial plan for decarbonization (modeled as the 2050 Base Case)
produces better supply adequacy outcomes than the federal draft CER (2035 Base Case) in most
years. This is primarily because the provincial plan does not limit the number of hours that
unabated gas generation units can run in a year, whereas the federal draft CER limits these units
to a maximum of 450 hours of operation per year. The provincial plan thus allows natural gas

%5 As a point of reference, Storm Uri in 2021 resulted in an estimated load shed of up to 26% of demand in Texas, lasting
for approximately 72 hours.

26 LEI's simulation model tracks the revenues earned and costs incurred by generation assets in the energy market. LEI
compared the forecast of net profits (after taking into account fixed operating and maintenance (“O&M”)
costs) of the generation assets against the capital costs. The results confirm AESO’s findings that additional
investment cannot be supported by the forecast market prices. In addition, LEI's modeling shows that under
the forecast conditions, dispatchable new generation is generally not earning a robust return on investment
expected for merchant generators until the late 2030s. See Annex 1 (Scenario Analysis: Long Term Weather-
Normal Energy Market Forecast) for more details.

27 Short-run marginal costs (“SRMCs”) consist of costs associated with an incremental unit of energy supplied. The
largest component of the SRMC for fossil fuel-fired power plants is typically fuel costs (e.g., coal or natural
gas prices multiplied by the thermal efficiency of the generating unit in question). The SRMC also contains
other non-fuel variable O&M expenses, such as consumables used by the facility’s operations to generate the
energy, as well as costs associated with carbon emissions.
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generators to provide better support to the grid when intermittent renewable generation output
is low, or when there are outages of many generation units.

One important caveat is that LEI's analysis does not consider technology risks associated with
the new generation technologies assumed in AESO’s preliminary 2024 LTO, including hydrogen-
based generation, natural gas-fired generators retrofitted with carbon capture technologies, and
small modular nuclear reactors. AESO’s preliminary 2024 LTO analysis assumes significant
investments in these technologies, which have not yet been proven on a commercial scale in
Alberta or in any other jurisdiction. LEI has not investigated the feasibility of the construction
schedules assumed in AESO’s supply forecast. LEI has also employed AESO’s capital cost
assumptions in completing its financial analysis on the economics of investment. Furthermore,
LEI assumed that these new technologies will have the same level of reliable operation as existing
natural gas-fired or nuclear units. However, if these new technologies are in fact less reliable than
LEI assumed, more costly, or likely to be materially delayed beyond their projected in-service
dates, then the level of supply adequacy risk would be worse than projected in LEI's modeling.

5.2 Additional renewables exacerbate supply adequacy problems by squeezing out
dispatchable generation

These supply adequacy problems are exacerbated if more renewable generation is built than what
is assumed in the Base Cases. More renewable energy capacity creates a higher frequency of
$0/MWh Pool Price incidents, as shown in Figure 5 below. This reduces the profitability of
thermal generators, with existing thermal generators more likely to retire and potential new
thermal generators less likely to enter the market. Fewer dispatchable generators creates more
supply adequacy concerns. For example, in the 2050 More Renewables Calibrated Case, 125 MW
of gas-fired units that would have entered the market under the 2050 Base Case are no longer
economically viable, as their pre-tax returns would be in the low single digits, too low for
investors to consider. Moreover, this increases the province’s vulnerability to weather, where
lower levels of wind or solar irradiation will have a bigger impact on the electricity system.

Figure 5. Number of hours with Pool Prices at zero under normal weather conditions

# of hours with Pool Prices at $0/MWh (Base Case vs More Renewables Calibrated Case)
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Figure 6 below compares the forecasted expected unserved energy (“EUE”) under the various
scenarios for the year 2038 (after all coal-to-gas units are expected to retire) relative to the AESO’s
Resource Adequacy Threshold for the same year (see red dotted line). With higher renewables,
the modeled EUE exceeds 40,000 MWh, as compared to ~10,000 MWh under the 2050 Base Case
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and ~30,000 MWh under the 2035 Base Case, in all cases significantly higher than the AESO’s
Resource Adequacy Threshold of ~1,135 MWh. As compared to the Base Cases, the cases with
higher renewables are expected to have more frequent, longer duration unserved load events,
with more MWs of unserved load on average (i.e., more consumers being affected).

Figure 6. Expected unserved energy under Base Cases vs More Renewables Calibrated Cases for

2038
Forecasted EUE in 2038 under different scenarios (MWh)

2035 Base Case

AESO projected

I
|
|
|
|
2050 Base Case 1
|
|
|
| Resource Adequacy
|
|

“— Thresholdfor2038
(1,135 MWh)
—— _
T —— _
10,000 20,000 30,000 40,000 50,000
EUE (MWh)

5.3 Retirements of older coal-to-gas units in the near term may exacerbate grid
reliability under abnormal weather conditions

LEI observes that there are higher amounts of unserved energy under both Base Cases once coal-
to-gas units start to retire, which may be as early as 2025, under certain abnormal weather
conditions.

Two near-term coal-to-gas retirement schedules were considered, consistent with the AESO’s
supply projections. First, under the 2035 Base Case, 2.2 GW of coal-to-gas units were assumed to
retire before 2025; second, under the 2050 Base Case, a higher level of coal-to-gas unit retirements
was assumed - 2.6 GW before 2025. In both cases, 2.9 GW of new dispatchable resources were
added from 2023-2025, consistent with the AESO’s supply projections. Under the 2050 Base Case
(the scenario with more coal-to-gas retirements), LEI's analysis projects EUE that breaches the
AESQO's thresholds as early as 2025, indicating a higher risk of load shed under abnormal weather.
Specifically, modeled EUE reaches 2,450 MWh in 2025, which exceeds both AESO’s Long-Term
Resource Adequacy Threshold of 1,135 MWh, and AESO’s Two-Year Probability of Supply
Adequacy Shortfall Metric of 2,005 MWh from the November 2023 LTA Report. Once additional
investment comes online, the projected EUE declines below the thresholds.

This observation implies that significant retirements may - at least temporarily - result in
deteriorating supply adequacy to levels that may not be acceptable.
-18 -
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6 Key finding: average Pool Prices are expected to increase

6.1 Average Pool Price increases are driven by decarbonization policies

Average Pool Prices increase over the
modeling time horizon, primarily due to two
factors. First, carbon costs guided by
decarbonization policies increase Pool
Prices. Thus, due to the more stringent
carbon emissions limitations of the federal
draft CER, Pool Prices are higher under the
2035 Base Case than the 2050 Base Case.

Second, Pool Prices become more volatile
over time, with more frequent price spikes
and zero prices due to renewables coupled

How do the federal draft CER and provincial
plan differ?

There are two primary differences. First, the
federal draft CER pursues decarbonization by
2035, whereas the provincial plan pursues
decarbonization by 2050. Second, the federal
draft CER sets more stringent carbon emissions
limitations - unabated gas generation units can
only run up to a maximum of 450 hours per
year; the provincial plan does not have a
similar limitation.

with a tightening capacity reserve margin.
The price spikes, in some hours, are the result of load shed due to supply inadequacy, as
discussed in Section 5.

This long-term increase in Pool Prices exceeds inflation after 2030, but is still not sufficient to
support the level of electric system reliability that Albertans have been used to (as discussed in
Section 5).

Figure 7. Comparison of Pool Price forecast under 2035 and 2050 Base Cases

Annual average Pool Price forecast for LEI’s Base Cases (weather normal)

250

Forthe 20-yearforecasts, LEl ran its simulation model 10 times
(seeds), with randomized forced outages and maintenance
schedules, which resulted in a range of energy price outcomes.
The shaded areas represent the range of annual average price
200 outcomes modeled by LEl, and the solid lines represent the
average of the 10-seed results under each Base Case.
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6.2 Additional renewable capacity will decrease Pool Prices

Intermittent renewables such as wind and solar offer their energy at $0/MWh in the energy
market. Therefore, additional renewable capacity will put downward pressure on forecast Pool
Prices. In turn, this reduces the profitability of thermal generators, with existing thermal
generators more likely to retire and potential new thermal generators less likely to enter the
market. Thus, the system becomes more prone to price spikes (due to increasing weather scarcity
events and unserved energy events) and more frequent zero prices. The impact on Pool Prices
due to additional renewable capacity is illustrated in Figure 8 below. While the annual average
Pool Prices are lower with additional renewable capacity, the system is also less reliable (as
discussed in Section 5.2).

Figure 8. Pool Prices assuming more renewable capacity

Annual average Pool Price forecast for LEI’s Base Cases and
More Renewables Cases (weather normal)
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6.3 Relatively small changes in demand have a large impact on Pool Prices

Fairly small changes in demand have a profound impact on Pool Prices because we are assuming
very tight supply-demand conditions in the longer term, much tighter than what we have
experienced in the last 20 years in Alberta. Lower demand reduces average Pool Prices by a
greater amount than the percentage change in demand, as illustrated in Figure 9 below .28 Under
the 2035 Base Case, when demand is decreased by 3.5%, annual average Pool Prices decrease by
15% to 18%. Similarly, under the 2050 Base Case, 3.5% lower demand decreases annual average
Pool Prices by 13% to 16%.

28 LEI ran the Lower Demand Cases for 2035 and 2038 only.
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Figure 9. Change in annual average Pool Prices due to ~390 MW (-3.5%) lower demand in 2035
and 2038

Decarbonization by 2035 Decarbonization by 2050
250 250
200 200
= 150 < 150 -16%
= -18% =
2 2
“ 100 %100 -13%
50 50 .
2035 2038 2035 2038
2035 Base Case ®2035 ~390 MW Lower Demand Case 2050 Base Case ®2050 ~390 MW Lower Demand Case

At the same time, lower demand leads to improvements in supply adequacy, as there are fewer
hours where there is insufficient supply to meet this lower demand. The decrease in the number
of hours with unserved load (with $1,000/ MWh hourly Pool Prices) contributes to the reduction
in annual average Pool Prices.

The modeling results from the scenarios with lower demand highlight the importance of potential
flexible demand-side resources in an energy-only market. By holding the supply mix constant
and observing how lower demand results in improved supply adequacy, we estimate that
between 850 to 1,200 MW of additional dispatchable demand-side resources by 2038 could reduce
unserved energy events to levels within the AESO’s forecasted Resource Adequacy Threshold.?

29 Assuming these additional dispatchable demand-side resources are available at all times and can be dispatched when
needed.
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7 Key finding: residential electric bills increase in line with Pool Prices

7.1 Residential electric bills outpace inflation in the later years of the forecast period
- while reliability is reduced

LEI compared the projected increase in residential
electric bills to inflation as a proxy for assessing
“affordability.” Under all scenarios, residential electric Affordability is not an economic
bills are expected to rise above the rate of inflation in the | term, it is a subjective term. Thus,
later years of the modeled time horizon, closely tracking | [EI used inflation as a yardstick to
the trajectory of Pool Prices under the various scenarios. compare the projected electric bill
Residential electric bills increase the most under the 2035 impacts against.

Base Case, with a province-wide average compound
annual growth rate (“CAGR”) of 1.9% per year from 2025 to 2030 and then a much higher CAGR
of 6.8% per year from 2030 to 2040. Under the 2050 Base Case, increases are more moderate:
residential electric bills province-wide rise by a CAGR of 1.6% per year from 2025 to 2030 and
4.3% per year from 2030 to 2040. In contrast, LEI's inflation assumption for 2024 to 2040 averages
2.0% per year, consistent with AESO’s long-term inflation assumption.

How to assess affordability?

The biggest driver of rising electric bills is the energy supply component, not the cost of
transmission and distribution. However, there is some uncertainty about the amount of future
transmission and distribution investments needed to accommodate increased renewables, solar
DERs, and EVs. In addition, in rural service territories like ATCO, the wires portion of a typical
residential electric bill is already relatively high.

Importantly, these higher electric bills correspond to a lower level of electric system reliability
than Albertans have been accustomed to (as discussed in Section 5).

Details on this and other observations are available in Annex 2 (Projection of Residential Electric
Bills).

7.2 More renewable capacity will lower residential electric bills but make service
even less reliable

With additional renewables, residential electric bills are projected to be lower than in the Base
Cases, although the impact of lower Pool Prices is somewhat offset by the larger transmission
investments needed to enable that renewables development. Under these higher renewables
cases, residential electric bills under the 2035 More Renewables Calibrated Case are projected to
increase at a CAGR of 2.6% per year from 2025 to 2030 and 6.2% per year from 2030 to 2040;
residential electric bills under the 2050 More Renewables Calibrated Case are projected to increase
at a CAGR of 2.4% per year from 2025 to 2030 and 4.2% per year from 2030 to 2040. This is

30 For 2024-2026, LEI's inflation assumption is based on the average Alberta Consumer Price Index (“CPI”) forecasts
from the big five banks and the Government of Alberta; for 2027 onwards, LEI assumed 2% inflation,
consistent with the AESO’s long-term inflation assumption. See Annex 2 (Projection of Residential Electric Bills)
for more details.
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illustrated in Figure 10 below. However, as discussed in Section 5, more renewable capacity
makes Alberta’s electric grid even less reliable.

Figure 10. Comparison of change in projected monthly residential electric bills under various
scenarios

Projected residential electric bill CAGRs by DFO and scenario

2035 Base Case 2035 More Renewables Calibrated Case
(Federal draft CER) (Federal draft CER with more renewables)
2025-2030 CAGR 2030-2040 CAGR 2025-2030 CAGR 2030-2040 CAGR
ATCO 2.1% 5.5% ATCO 2.6% 5.0%
EPCOR 1.9% 7.4% EPCOR 2.7% 6.7%
ENMAX 1.6% 7.7% ENMAX 2.5% 7.0%
Fortis 1.9% 6.7% Fortis 2.7% 6.1%
Province avg. 1.9% 6.8% Province avg. 2.6% 6.2%
2050 Base Case 2050 More Renewables Calibrated Case
(Provincial plan) (Provincial plan with more renewables)
~ DFO | 2025-2030CAGR | 2030-2040 CAGR 2025-2030 CAGR | 2030-2040 CAGR
ATCO 1.9% 3.7% ATCO 2.4% 3.6%
EPCOR 1.6% 4.6% EPCOR 2.4% 4.5%
ENMAX 1.3% 4.7% ENMAX 2.2% 4.5%
Fortis 1.7% 4.1% Fortis 2.4% 4.1%
Province avg. 1.6% 4.3% Province avg. 2.4% 4.2%

Note: LEI presents CAGRs for 2025-2030 and 2030-2040, as 2030 is the year where Pool Prices begin to diverge between
the various scenarios (as shown in Figure 8 in Section 6.2).
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8 Roadmap to more detailed information

LEI provides three Annexes with more detailed information on the inputs employed and
modeling results. Each Annex provides detail on the modeling approach, the different scenarios
analyzed, key underlying assumptions and inputs, and modeling results and findings.

The three Annexes are:

e Annex 1 - Scenario Analysis: Long Term Weather-Normal Energy Market Forecast
presents the 20-year modeling exercise conducted by LEI for the various scenarios (Base
Cases, More Renewables Cases, and Lower Demand Cases) assuming normal weather;

¢ Annex 2 - Projection of Residential Electric Bills presents LEI's approach to estimating
electric bills by distribution facility owner (“DFO”) for a typical residential customer
under the various scenarios; and

e Annex 3 - Probabilistic Supply Adequacy Analysis presents the probabilistic analysis
conducted by LEI that introduces weather-based variability to test the impact on supply
adequacy.
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- Modeling approach

2 Key assumptions and inputs

3 Key modeling results
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HH“H LElI conducted forward-looking simulations of the Alberta power market
LE using a scenario-based approach, in order to estimate future supply
adequacy and a typical residential customer’s electric bill

Wholesale I

analysis I

electricit e .
Y Probabilistic assessment of

market outlook

reliability

LEl used its LEI considered key To assess supply adequacy*, LElI simulated
simulation-based exogenous drivers - weather-based variability and different
modeling suite to like carbon policy, I plausible generation outage patterns on top
forecast market pace of renewable of the scenario outcomes to develop a

I outcomes under development, and distribution of potential market outcomes
Alberta’s current level of demand - in I ~— ——
energy-only market the simulation

I framework - modeling through Total electric bill impacts
leveraging scenario analysis and I
information from sensitivities

I AESQO’s preliminary LEI paired the supply forecast emerging from
2024 Long-term I the scenario analysis with transmission and
Outlook (“LTO") distribution cost projections to assess

/ affordability impacts for residential
I I I I I I I J customers

Focus of this Annex

* LEI’s terms of reference focus on supply adequacy, notwithstanding other dimensions of system reliability.
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LE LEl’s proprietary tools provide the necessary functionality for an accurate
representation of Alberta’s electricity market

I_ I I I I I I I I I

imulation-based dispatch model that projects a sit gle market-clearing price

for each hour
Above SRMC offer behaviour provides an

POOLMod investment signal under the energy-only market
- LEI’s proprietary simulation

Probabilistic assessment

dispatch model ConjectureMod of weather-related factors

-Consists of several key -Game theory module within
I algorithms, such as POOLMod for the Alberta eatherMod

maintenance scheduling, ECER - Assesses reliability and

I assignment of stochastic -Projects above short-run resource adequacy and tests

forced outages, hydro marginal cost ("SRMC”) F the resiliency of the system
I shadow pricing, offers, replicating real-world o to plant outages and varying

commitment, and dISpatCh outcomes; offers will be I weather conditions

dynamic and change daily
with evolving market
conditions

I - Allows for stochastic
' variation of generation
outages, and consideration
l_ e mmn e mmm s mem mes == === =3 Of weather patterns and

Focus of this Annex their impact on load,
intermittent renewable

generation, as well as
unplanned outages
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HHHH Key facets of the simulation-based modeling were selected to comply with
LE the overarching study goals in the timeframe allotted, while maintaining the

necessary analytical rigor

LEl’s modeling and analysis

Reflect the current energy- sENmEe e felienige
- * market design consists of a
onIy maFkEt dESI-gI‘-I and single clearing price real-time
associated policies energy-only market with simple

price/quantity offers
I I I I I I ] .
« offers above marginal costs

continue to be permitted, in
order to provide an investment
signal under the current market
design

 real-time energy price is limited

| |
| |
I Simulation of future I to a $0/MWh floor and
| |
| |

Su lv mix $1,000/MWh cap
PPYY * no day-ahead unit commitment;

ho start-up cost recovery
guarantees

e the existing Transmission
Regulation policy is
maintained, such that LEI’s

" - - S S S - modeling assumes an

uncongested transmission

system and continues to use a

single clearing price for all

generation producing energy in a

given hour
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POOLMod, LEI’'s proprietary electricity market simulation model, forecasts
LE availability of resources, then simulates dispatch of resources to meet
projected demand and set hourly Pool Prices

POOLMod employs a three-stage simulation process:

Maintenance schedule Commitment Dispatch
g SA —~
= 2 =
5 W z “<< Load plus a = a——0.
5 o reserve 3 H
o o . o) o
e = margin =
c W 2 S
[ < c
> © «
S [ —o—available capacity [ 4? é‘
[3+] || o (@)
% =+—=weekly peak demand g g
L B 2 © (5]
@] )

15 9 13172125293337414549 ' : 1357 9111315171921 23
Week of the year Supplying block Period Hour of the day
| I |

= A hypothetical, plant-specific = Hours in the day are sorted from = Dispatch occurs on a chronological
maintenance schedule is determined highest to lowest load and available hour-by-hour basis based on energy
on a weekly basis resources are ranked/matched merit order, taking into account forced
= In general, more plants are = On a daily basis, the ConjectureMod outages, intermittent generation,
: , . . technical features of thermal plants
scheduled on maintenance during algorithm develops economically (min. stable, etc.), intra-da
months with lower demand rational above SRMC offers for assets : oo Y

constraints, inter-day information on

stored energy and scheduled

= POOLMod creates an energy merit maintenance, and the offer strategy
order based on offers from available developed using ConjectureMod
resources

controlled by key market participants
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LE ConjectureMod, LEI’s game theory module, models market participant
- bidding behaviour dynamically with evolving market conditions
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ConjectureMod POOLMod

Modeler Test offers above

defines marginal costs for ST G pEli:

and market clearing
price based on
identified offers
above SRMC

“strategy each day for a
space” and generation owner, in
marginal cost search of a higher
baseline profit

Multiple iterations to identify
local equilibrium

On a daily basis, ConjectureMod estimates economically rational bids above

marginal costs for each generation owner that reflects the availability of its
resources, daily peak demand conditions, and total supply offers from
competitors
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HHHH POOLMod (including ConjectureMod) is run 10 times for each scenario to
LE assess the range of potential outcomes with varying maintenance schedules,
forced outages, and bidding behaviour

» While WeatherMod is not used for the results covered in this Annex, there are still
variables in POOLMod and ConjectureMod that impact simulated results, even under
identical supply mix, demand, and fuel price settings

» These variables are randomized in each POOLMod “seed” run

Maintenance schedule Offer behaviour

« Each unit has a required # « Each unit has its own « The strategy space for
of weeks per year for forced outage rate economic withholding for
maintenance each market participant is

« The forced outage rate .
very large - multiple

e There are many determines the probability luti (equilibria)
combinations of that a unit is on outage in YLBOMS SR
maintenance schedules each day » ConjectureMod uses an

that can satisfy the

« POOLMod uses a iterative process to test
requirements of the units

different offer strategies
until it identifies a
convergence point

randomizer to determine

e In each “seed”, POOLMod whether a unit is on
chooses a different outage on a daily basis
maintenance schedule

» In this Annex, we show the modeling result averaged across the 10 seeds
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Two “Base Case” scenarios based on AESO’s preliminary 2024 LTO; these scenarios

represent two different decarbonization policy pathways to net zero

2035 Base Case

2050 Base Case

9

1. 2035 Additional Renewable Entry in Long Term

1. 2050 Additional Renewable Entry in Long Term

2. 2035 Accelerated Renewable Entry in Short Term

2. 2050 Accelerated Renewable Entry in Short Term

3. 2035 More Renewables Case (combo of 1 and 2)

3. 2050 More Renewables Case (combo of 1 and 2)

4. 2035 More Renewables Case Calibrated

4. 2050 More Renewables Case Calibrated

The More Renewables Cases introduce 4,520 MW of additional renewables (relative to the Base Cases) over the forecast period

LEI also tested “demand shocks”* that reduce load by 3.5% and 7.2% (or about 390 MW

and 800 MW in each hour), respectively, for select years (2035 and 2038)

2035 ~390 MW Lower Demand Case

2050 ~390 MW Lower Demand Case

2035 ~800 MW Lower Demand Case

2050 ~800 MW Lower Demand Case

* Demand shocks are unexpected changes in demand, the underlying causes of which could reflect a variety of circumstances at a global and/or local level.
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LE LEI’s Base Cases leverage AESO’s preliminary 2024 LTO modeling work,
- including AESO’s load forecast and supply assumptions (retirements, entry)

LEI 2035 Base Case LEI 2050 Base Case

35,000 50%

35,000 50%
45%
30,000 30.000 45%
40% ’ 40%
25,000 35% g s 25,000 35% %’
pt =
S 20000 5 2 20000 l 30% 2
o fU '
2 15,000 2% = g 2%
£ . 20% ¢ % 15,000 - e
g = =1 2006 5
& 10,000 8 10,000 15% o
10% 10%
5,000
. 59 5,000 So
0 [ | || 0% 0 . | | -_— 0%
2024 2025 2030 2035 2038 2024 2025 2030 2035 2038
mmm Coal wm Coal-to-gas wmm CCGT CCGT with CCS Peakers
Cogen m Imports Hydro e Wind Solar
Storage Cogeneration Hydrogen mmm Combined-Cycle Hydrogen mmsm Nuclear Other

== Net Peak Demand = Reserve Margin

Note: Reserve margin is defined as dispatchable resources availability adjusted capacity divided by net peak demand. “Other” refers to biomass and demand
response.

Coal-to-gas retirement schedules » Retirement schedules for coal-to-gas units differ

3,000 between the AESO’s 2035 and 2050 scenarios
S 2,500 = This leads to different MWs of dispatchable capacity vs
= 2.000 renewable capacity
% 1,500 = The 2050 Base Case has less dispatchable MWs than the
8 1,000 2035 Base Case, and as such has a tighter reserve
8 ’500 margin between 2025 and 2038

= The average reserve margin between 2025 and 2035
2024 2037 under the 2050 Base Case is 23%, compared to 27%

under the 2035 Base Case
m Decarbonization by 2035 Decarbonization by 2050
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Renewables cases tested:

(" . Addition of 200 MW of wind )
and 200 MW of solar in each
year after the final new
addition in the 2035 Base Case
and 2050 Base Case

-200 MW is consistent with
AESO generic additions in
previous years

Additional Renewable Entry in

Long Term (Back-End)

Accelerated Renewable Entry
in Short Term (Front-End)

- Accelerated wind and solar
additions in the near term
-Additions determined by the
shortfall of capacity (in MW)
between AESO’s November 2023
Long-term Adequacy (“LTA”)

Report and preliminary 2024 LTO

Yearly Additions (MW)

www.londoneconomics.com ® 11

LEI tested several variations to develop the More Renewables Cases:
additional renewables of about 2,100 MW in the near term, as well as
additional renewables of 2,400 MW in the longer term

i
4 DY |
-Incorporates the back-end
and front-end additions to l
both the 2035 and 2050 l
Base Cases, resulting in a
2035 More Renewables Case l
and a 2050 More I
Renewables Case
i
i

More Renewables Cases
under the two different
carbon policy pathways |

The More Renewables Cases allow LEI to test

the impact of more renewables on the grid in

terms of supply mix, system reliability (supply,
adequacy), and affordability

2034 2035 2036 2037 2038 2039 2040
Back-End Additions - 200 200 200 200 200 200 200
Front-End Additions 350 - - - - - - -
More Renewables Case 350 200 200 200 200 200 200 200
Back-End Additions - - - 200 200 200 200 200
Front-End Additions 1,770 - - - - -
More Renewables Case 1,770 200 200 200 200 200

Note: Omitted years indicate no generic additions. Front-end additions reflect additional capacity incremental to the AESO’s generic additions.
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LE LEl’s Low Demand Cases have been developed based on the observed
- differences between forecasted and actual AIL demand

» The purpose of the Lower Demand Cases is to understand the impact of a demand shock
on Pool Prices and reliability

* Demand shocks are demand changes that are unanticipated; therefore, the system is not developed in
anticipation of this level of demand

» Over the 2014-2022 timeframe, AESO’s LTO forecasts have been greater than actual
realized demand in four instances (green bars in the chart below)

* The average difference between forecasted and actual AIL demand was 3.5% (green bars in the chart below),
while the maximum difference was 7.2% (for 2016, with the forecast completed in the 2014 LTO)

» LEI developed the Lower Demand Cases by reducing the Base Case demand by 3.5% and
7.2% (or ~390 MW and ~800 MW per hour), reflecting the average and largest historical
differences between forecasted and actual AIL demand

Historical AESO LTO forecasted AIL demand vs actual AIL demand (GWh) and % difference

100,000 8%
6%
80,000
4%
2% S
- 60,000 . S
Q &=
40,000 _2% .5
4% X
20,000
-6%
0 -8%
2014 2015 2016 2017 2018 2019 2020 2021 2022
mmm Under-forecasted Over-forecasted AESO LTO reference case forecasted AIL e Actual AlL

Sources: AESO 2014, 2017, 2019, and 2021 LTO.
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] Modeling approach

Key assumptions and inputs

3 Key modeling results
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| Demand-related inputs are taken primarily from AESO preliminary 2024 LTO
data, as well as historical actuals

» Demand in Alberta follows a diurnal trend and is largely driven by seasonal patterns, typically reaching its
highest peak in the winter

» Peak demand and total energy consumption are based on AESO’s AIL forecast from its preliminary 2024 LTO
analysis, applied to a weather normal hourly profile (based on 2021 actuals), adjusted for behind-the-fence
load with on-site generation

= LEl also used AESO load modifiers for DER, hydrogen, heating, projects, and energy efficiency
* |Incorporating Market Surveillance Administrator (“MSA”) data from 2018-2022, where 9.5% of load is served by non-energy
merit order resources, LEl estimated that on average 923 MW of AIL load is served by non-energy merit order resources
» LEIl used actual weather data in its assessment, in order to ensure realistic conditions

» LElI chose to use 2021 weather conditions (which impacted hourly renewable generation and hourly variation in load) to
represent “normal” weather, because 2021 conditions were closest to longer term averages and were neither mild nor
abnormally extreme in terms of weather factors that could skew the results towards low likelihood events

» Hourly demand projections are the same across the 2035 and 2050 Base Cases and the More Renewables
Cases for the weather normal model runs

Historical daily average demand profile, 2021 (MW)
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HHHH Key assumptions and inputs used for the forward modeling exercise align
LE with AESO’s preliminary 2024 LTO projections and historical observed

ends
ECONOMICS

» Hourly solar and wind generation profiles based on 2021 actuals

= After analyzing hourly wind and solar patterns between 2018 to 2022, LEI found that 2021 was the year
where capacity factors of wind and solar were closest to longer term averages

= LEl assumes zero-priced offers for wind and solar, consistent with observed market dynamics

* New wind and solar assets are assumed to have higher capacity factors, based on expected wind/solar
capacity factors for units located in Class 7 (wind) and Class 10 (solar) from the National Renewable Energy
Laboratory (“NREL”)’s 2022 Annual Technology Baseline (“ATB”) forecast

» Hydro generation is based on the average historical hourly generation pattern of hydroelectric units from
2015 to 2023

» Hydro capacity is separated into run-of-river and peaking hydro units based on their historical generation
pattern

= Run-of-river hydro units offer at $0/MWh

= Peaking hydro units have a daily energy budget, where they allocate energy to the highest-priced hours for
dispatch

= Peaking hydro units offer at a “shadow price” based on the expected offer of the marginal unit that would
otherwise clear the market; this is intended to reflect the economic opportunity costs for the peaking assets
that are energy-limited
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Key assumptions and inputs

Actual 2021 historical wind and solar capacity factors are used to reflect

realistic wind and solar output patterns
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Generators are not always available to be dispatched due to scheduled
(maintenance) and unplanned (forced) outages - this uncertainty is reflected
in LEI’s simulations

» Given Alberta’s relatively small market size, the timing of outages can have a significant impact on Pool
Prices - therefore LEI ran 10 iterations (“seeds”) for each scenario, resulting in different outage patterns
within the year (but the same overall level of outages)

Economic withholding strategies also vary with each seed (although the starting strategy is the same each day, the
model allows for an iterative analysis of alternative strategies as it seeks the most profitable outcomes and therefore
can converge around a different solution - there are multiple possible local equilibria)

» Outages for non-renewable generation are captured by incorporating technology-specific data on
scheduled and unplanned outage levels that the North American Electric Reliability Corporation (“NERC”)
collects from power plant owners across all power systems under its jurisdiction in North America and
summarizes in an annual publication - the Generating Availability Data System (“GADS”)

LEI relied on the latest NERC GADS “Generating Unit Statistical Brochure 4 - 2018-2022 - All Units Reporting” report to
populate the generation schedules for non-renewable resources

Maintenance schedule

Each unit has a required
number of weeks of
maintenance each year

There are many
combinations of
maintenance schedules
possible in an electric
system with many plants

For each new “seed”,
POOLMod resets the
maintenance schedule

Each unit has its own
forced outage rate

The forced outage rate
determines the
probability that a unit is
on outage in each day

POOLMod uses a random
process to determine
whether a unit is on
outage on a daily basis

Average Average
Technology EFOR (%) SOF (%)
Combined cycle 4 10
Coal 11 14
Inte_rnal combustion 12 v
engine
Multi-turbine 14 16
Steam turbine 11 14
Gas turbine 12 7

= Equivalent Forced Outage Rate on demand (“EFORd”): measures
the probability that a generating unit will not be available due
to forced outages or forced deratings when there is demand on
the unit to generate

= Scheduled Outage Factor (“SOF”): a measure of the unit’s
unavailability due to planned or maintenance outages
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E LEI developed and applied its own proprietary gas price forecast for AECO
- Hub in this modeling exercise
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In the near term (2024-2028), LEI uses AECO Hub traded forwards sampled in Q3 2023 for its forecast of
gas prices

= Near-term forwards range from $2.87/MMBtu in 2024 to $3.74/MMBtu in 2026

* This is a decline from the very high prices in 2022, which reflected the uncertainty over gas supplies in Europe owing
to embargos on Russian pipeline gas

In the long term (2029-2040), LEI relies on the Canadian Energy Regulator (“CER”)’s 2021 long term
outlook

» LEl has been using CER’s 2021 outlook since December 2021 and believes that the CER’s “Current Policies” case is
still a reasonable baseline AECO outlook

LEI then estimated monthly prices for each year consistent with historical patterns

LEI gas price forecast (2024-2040)
6

/

(hominal $ CAD/MMBtu)

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

= Natural Gas
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LE LElI developed two hydrogen fuel price forecasts to account for the different
- characteristics of hydrogen technologies reflected in AESO’s supply forecast

» Different production processes for blue hydrogen have cost implications on the overall hydrogen price

» Cogeneration hydrogen is assumed to be produced via autothermal reforming (“ATR”) on-site - i.e., ATR is co-located
with electricity production

* For combined cycle hydrogen, it is assumed that blue hydrogen would be purchased from a centrally produced area
rather than be produced on-site

* Therefore, LEI assumes transportation costs for the combined cycle hydrogen unit and no transportation costs for the
co-located cogeneration unit

» All operational characteristics, including fixed and variable costs of hydrogen production, are based on
publicly available NREL models for hydrogen technologies

» LEI adapted these models to more accurately reflect the local context by using Alberta natural gas as the
feedstock

= Consequently, hydrogen gas prices will vary and track Alberta’s natural gas prices

LEI hydrogen price forecast (2024-2040)

35

NoWw
w1 O

(hominal $ CAD/MMBtu)
o wn 6 ; g

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Cogeneration Hydrogen =—=Combined Cycle Hydrogen
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HHHH LElPs carbon policy assumptions rely on various public sources, including
LE AESO’s preliminary 2024 LTO projections and current federal/provincial

regulations
ECONOMICS

» Consistent with the federal carbon pricing system, the carbon tax starts at $85/tonne of CO2e in 2024, increasing
by $15/tonne increments each year and leveling off at $170/tonne in 2030; carbon tax assumptions are held
constant across all modeled scenarios

= After 2030, LEl applies a more modest inflationary annual increase of 2% to the price of carbon, consistent with AESQO’s
assumptions in the preliminary 2024 LTO

» Technology Innovation and Emissions Reduction (“TIER”) emissions performance standards across the 2035 and
2050 decarbonization scenarios are different

* Under the 2035 decarbonization scenario, the emissions performance standard is set to decline from 0.3552 tonnes/MWh in
2024 to 0 tonnes/MWh by 2035

* |n contrast, the 2050 decarbonization scenario sees the emissions performance standard decline from 0.3552 tonnes/MWh in
2024 to 0 tonnes/MWh by 2050

High Performance Benchmark Assumptions
Decarbonization by 2050

Decarbonization by 2035

High Performance Benchmark Assumptions
Decarbonization by 2050 t/MWh 0.25 0.23 0.22 0.20 0.19 0.17 0.16 0.14 0.12 0.11
Decarbonization by 2035 t/MWh 0.06 - - - - - - - -

= According to the draft CER, the proposed regulations apply to all electricity generation units that meet the applicability criteria:
a. has an electricity generation capacity of 25 MW or more;
b. generates electricity using fossil fuel; and
c. is connected to an electricity system that is subject to NERC standards

= Existing units commissioned before January 1, 2025 are expected to align with the performance emissions standard by whichever
comes first - January 1, 2035, or “following the unit’s end of prescribed life,” which is defined as 20 years after its commissioning
date

= New units that come into operation after January 1, 2025 will be required to meet the performance standard by January 1, 2035

= By 2035, unabated gas-fired units that have a generation capacity of 25 MW or more will be limited to operating 450 hours/year, ~5%
of the plant’s operating capacity

= Units below 25 MW are exempt from the draft CER
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LE Additional technical assumptions and operating parameters are based on
- publicly available data and industry-standard assumptions

LONDON

ECONOMICS

» Other technical assumptions (heat rates, minimum stable generation (“MSG”) levels,
minimum on and off times, etc.) were developed by LEI for purposes of its multi-client
forward price outlook, leveraging well-accepted industry data

= Heat rate curves estimated from historic hourly generation and offer data published by AESO and cross-
referenced with data from similar technology/vintage plants in the US (sourced from EIA, EPA, FERC)

= MSG levels implied from historical hourly generation data and offer data published by AESO
* Minimum on/off hours based on energy merit order offer patterns/generation data patterns

» Some price responsive load (“PRL”) is included in the modeling

= Based on data published by the MSA, approximately 300-500 MW of load foregoes consumption of
electricity when Pool Prices increase

= These levels of PRL are also consistent with information released over the years by the major industrial trade
associations in Alberta regarding their members’ direct participation in the energy market

» Imports are represented as virtual supply (with import volumes based on pricing
outcomes); exports are represented as virtual demand (based on historical patterns and
also related to pricing outcomes)

*= Levels of imports and exports are determined hourly based on Pool Price - higher priced hours are observed
to have more imports and lower priced hours have more exports

= Maximum import available transfer capability (“ATC”) over the forecast period is expected to increase by 388
MW by 2030 following intertie restorations

= Exports were developed by analyzing the historical export quantity correlation with the Mid-C implied
market heat rate, the modeled export quantity is based on the forecasted Mid-C gas price
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LE Thermal net new entry across both 2035 and 2050 scenarios is limited due
to a significant level of retirements
LONDON

Net annual non-renewable entry, 2035 and 2050 scenarios
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change (MW)

2035 Base Case m 2035 More Renewables 2050 Base Case ® 2050 More Renewables

Note: Non-renewable entry in this case is inclusive of retrofitted CCGT with CCS units and hydrogen units.

» Thermal installed capacity in the 2050 scenarios is lower than the 2035 scenarios from 2025 to 2038
= The 2050 case sees the retirement of 2,566 MW of coal-to-gas units in 2024; 395 MW more than the 2035 scenarios

» Net additions in the late 2020s and early 2030s are driven by cogen and cogen hydrogen new entries

» Post-2037, the 2035 scenarios see more capacity additions of combined cycle hydrogen units,
approximately 1,255 MW more capacity than the 2050 scenarios by 2040

» The limited combined cycle hydrogen capacity is offset by new CCGT and simple cycle additions in the
2050 scenarios

» Projected new resource additions are subject to significant technological risks

= LEl relies on AESO’s preliminary 2024 LTO supply mix assumptions, which incorporate new generation technologies (e.g.,
hydrogen-based generation, natural gas-fired generators retrofitted with carbon capture technologies, and SMRs)

= LEI took these assumptions as given and did not consider the investment risk hurdles involved in the development of these
technologies (i.e., cost overruns, delays, and other construction, financing, and operating risks)
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LE Solar and wind new entry are similar across the 2035 and 2050 Base Cases

over the longer term
LONDON
Net annual renewable entry, 2035 and 2050 scenarios
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» Wind capacity is 300 MW higher in the 2050 scenarios due to an additional 200 MW of new
entry in 2030, and an additional 100 MW of new entry in 2033 (consistent with AESO’s LTO)

* |n 2038 and 2040, AESO projects net retirement of wind and solar capacity, leading to negative MW change

» Renewables in the near-term are based on AESO’s November 2023 LTA Report

= New additions factor in projects in the interconnection queue that have received regulatory approval from the
AUC

= The shortfall in capacity is then added on top of AESO’s generic additions

» Under the More Renewables Cases, additions in the long-term of 200 MW are consistent
with the AESO’s approach for long-term additions
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Key modeling results
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Key modeling results

Implications of different decarbonization policies

Implications of additional renewables

Implications of lower demand
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HHHH Pool Prices under the 2050 Base Case are lower than under the 2035 Base
LE Case from 2031 onwards, largely due to the impact of less stringent carbon

emissions performance standards
ECONOMICS

» Under LEI’s 2035 Base Case, average Pool Prices grow from an average of $81/MWh in
2024 to $200/MWh by 2043 under ‘weather normal’ conditions

Pool Prices rise after 2030 due to tight supply-demand conditions, higher carbon costs, and hydrogen prices

» LEI’s 2050 Base Case demonstrates a more modest increase in Pool Prices: from an
average of $80/MWh in 2024 to $153/MWh by 2043 under ‘weather normal’ conditions

Considering less stringent conditions to achieve net zero under the 2050 scenario, the replacement of

existing technologies with cleaner but more expensive technologies (like hydrogen) occurs gradually; thus,
price increases are gradual

Annual average Pool Price forecast for LEI’s Base Cases (weather normal)

250

200

For the 20-year forecasts, LEI ran
its simulation model 10 times
(seeds), with randomized forced
outages and maintenance
schedules, which resulted in a
range of Pool Price outcomes.
The shaded areas represent the
range of annual average Pool
Price outcomes modeled by LElI,
* and the solid lines represent the
k/_' average of the 10-seed results

under each Base Case.
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2035 Base Case 2050 Base Case
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E Pool Prices are expected to reach their highest forecasted levels in 2038
under the 2035 Base Case, higher than Pool Prices reached in 2022

I
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» In the near- to mid-term, forecasted Pool Prices under both Base Cases are lower than
historical average Pool Prices recorded in 2021-2023

Significant generation investment is expected to increase supply and put downward pressure on Pool Prices
in the near-term

In addition, significant wind and solar new entry results in more $0/MWh priced hours, which drives Pool
Prices down

Annual average Pool Price forecast for LEI’s Base Cases (weather normal)

compared to historical Pool Prices
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LE In 2024, CCGT and cogen account for the largest share of generation; by
- 2040, renewable generation accounts for nearly 50% of total generation

ECONOMICS

Annual generation by fuel type (TWh) - 2035 Base Case
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» Less stringent emissions performance standards allow for slightly higher unabated gas unit operations in the
2050 Base Case

= Under the 2035 Base Case, by 2040, there is no CCGT without CCS, while the 2050 Base Case has a few units still generating

= Similarly, for peakers, annual generation under the 2050 Base Case is slightly higher than the 2035 Base Case

» LEI's and AESO’s projected energy mix is generally aligned

= In 2024, LEI modeled more output from coal-to-gas units and others - the generation in the “others” category includes biomass,

demand response, and coal (just for 2024); in 2040, the difference in cogen output is largely offset by LEI's output from imports
and CCGT with CCS
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‘ﬁ”]‘!“ Pattern of zero priced hours is similar across the 2035 and 2050 Base Cases,

but there are more instances of price spikes (>$500/MWh) in the 2035 Base
LONDON Case

ECONOMICS

Frequency of zero prices Frequency of Pool Prices > $500/MWh
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» Frequency of zero prices is higher in the 2035 Base Case in the early years (before 2038)
because the 2035 Base Case has more coal-to-gas units, which have high minimum stable
generation that offers at $0/MWh

= This trend reverses after 2038, when all coal-to-gas units retire in both cases. After 2038, the 2050 Base
Case has slightly more wind, which results in more $0/MWh hours than the 2035 Base Case

» Frequency of Pool Prices greater than $500/MWh is significantly higher in the 2035 Base
Case than the 2050 Base Case

* Price spikes occur due to a combination of factors, including higher short-run marginal costs from hydrogen
and CCGT with CCS in the 2035 Base Case, and more economic withholding in years where the 2035 Base
Case has more coal-to-gas units online than the 2050 Base Case
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HHHH Alberta’s electricity system becomes significantly less reliable after 2037 -
LE even without factoring in weather impacts - due to the retirement of all
remaining coal-to-gas units (in both the 2035 and 2050 Base Cases)

% of annual demand unserved (10-seed average, weather normal conditions)
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» Shaded regions indicate the range of demand unserved (as % of annual demand) across
the different seeds (reflecting varying generation outage patterns), while the solid lines
reflect the average demand unserved (as % of annual demand)

» By the late 2030s, reliability risk under the 2035 Base Case is expected to be worse than
the 2050 Base Case

» However, under both cases, the level of reliability by the late 2030s would be at a level
materially worse than what Albertans have been accustomed to, as indicated by the
modeled unserved energy crossing above the AESO’s Resource Adequacy Threshold

Note: AESO defines the Resource Adequacy Threshold as the 1-hour average Alberta internal load for a year divided by 10. Converting to percentage terms is
calculated as 1/8760/10 = 0.00114%.
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Decarbonization policy choice can lead to significant differences in
production costs after 2030: 2035 Base Case has significantly higher variable

Ll
LE

costs of electricity generation than the 2050 Base Case

» From 2024 to 2043, total production cost (sum of fuel costs + variable O&M cost + carbon
cost of all units) for the 2035 Base Case averages 65% higher than the 2050 Base Case

» The difference between the two cases is the largest in 2035, where the 2035 Base Case total production cost
is 109% higher than the 2050 Base Case

» This is largely due to differences in carbon policy - while the nominal carbon tax price is
the same, the amount that a fossil-based generator needs to pay is higher in the 2035
Base Case, due to more stringent emissions performance standards

Total production cost (2035 Base Case vs 2050 Base Case, nominal $ million)
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| E LEI monitored the simulated profits of resources to assess the economic
- viability of both new generation projects and existing assets
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» For new entry, LEI considered the investment decision and monitored the return on
invested capital, as well as ongoing operations, and sufficiency of gross profits to cover
minimum going forward fixed costs; LElI used AESO’s cost assumptions for new plants

All-in fixed cost for new generation (nominal $/kW-year)

Technology 2030 2035 2040
CCGT 273 - -
CCGT with CCS with ITC 412 456 504
CCGT with CCS Retrofits with ITC 214 317 354
Peaker (Frame) 164 181 200
Cogeneration Hydrogen with ITC 134 172 190
Combined Cycle Hydrogen with ITC - - 334
Wind with ITC 239 321 346
Solar with ITC 156 208 221
Storage with ITC 182 258 273

» For existing generation, LElI considered whether gross profits from the wholesale energy
market are sufficient to cover minimum going forward fixed operations and maintenance

Fixed O&M cost for existing generation (nominal $/kW-year)

Technolog 2030 2035 2040
Existing CCGT 24 27 30
Coal-to-gas units 70 77 85
Existing peaker (Frame) 12 13 15
Existing cogen 12 13 15
Existing wind 45 50 55
Existing solar 26 29 32
Existing storage 70 77 85

Source: All-in fixed costs based on costs reported in AESO’s preliminary 2024 LTO. Fixed O&M costs for existing generation based on generic technology-level
information and intentionally does not reflect precise costs for any specific operating plant in Alberta.
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HHHH In the 2035 Base Case, new generation investment is earning low returns in
LE the first ten years, but profitability steps up in the back years, and all new
resources are generally earning enough to cover their fixed O&M costs

» Net yield is calculated based on the gross profits earned by the resource in the energy
market (revenue - SRMQ), less fixed O&M costs by technology type, and compared against
the net capital cost of the new entry

Energy market profits =
realized energy price - (fuel price x heat rate) - variable O&M costs - carbon costs (or revenue)

Net yield = (annual energy markets profits - fixed O&M costs) / net capital cost

» Assuming required return for new generation investment of 10.5% (based on AESO’s
nominal pre-tax WACC), most new generation capacity is under-earning in the first ten
years of the forecast period, but returns improve in the later years

Modeled pre-tax net yield of new entry (2035 Base Case)

Technology 2030 2035 2040
Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC 21%
Older CCGT with CCS Retrofits with ITC 20%
Peaker (Frame) -1% 15%
Cogeneration Hydrogen with ITC -18% -6% 14%
Combined Cycle Hydrogen with ITC 19%
Wind with ITC 14% 11%
Solar with ITC

Storage with ITC* -2% 0%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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HHHH Under the 2050 Base Case, gas-fired and hydrogen-based new resources face
LE somewhat poorer economics as compared to the 2035 Base Case, due to
ooy | lower Pool Prices

ECONOMICS

» Under the 2050 Base Case, Pool Prices are lower (relative to the 2035 Base Case) for two
main reasons:

»= Less stringent carbon emissions performance, which lowers the marginal cost of gas-fired units

= Reduced price impact from economic withholding (before all coal-to-gas retires)

» This results in overall lower profits for new investment through 2040; gas-fired new entry
and retrofitted units are projected to earn their target return (or higher) after 2040

= Some new investments - like hydrogen-based units - are not projected to achieve 10.5% returns within the
20-year modeled timeframe; however, under a different fuel forecast and with different operating conditions
(and capital cost estimates), the financial outcomes may improve

Modeled pre-tax net yield of new entry (2050 Base Case)

Technology 2030 2035 2040

Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC
Older CCGT with CCS Retrofits with ITC
Peaker (Frame) 0%

Cogeneration Hydrogen with ITC -17% -15% -8%
Combined Cycle Hydrogen with ITC

Wind with ITC 15% 11%
Solar with ITC 11%
Storage with ITC* -2% -1% -1%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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Key modeling results

Implications of different decarbonization policies

Implications of additional renewables

Implications of lower demand
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HHHH Additional renewable generation puts downward pressure on annual average
LE Pool Prices in the longer term, requiring further evaluation of the impact of
more renewables on other generation investment

» Additional renewable generation reduces annual average Pool Prices, especially in the
later years of the forecast

= By 2040, Pool Prices under the 2035 Base Case reach $192/MWh (CAGR of 4.6% from 2024); adding 4,520
MW of renewables drives down Pool Prices to $149/MWh by 2040 under the 2035 More Renewables Case
(CAGR of 3.4% from 2024)

» The reduction in Pool Prices reduces the economics of some nhew CCGTs and CCGT with
CCS retrofits (see next few slides); LEl modified new entry/retrofits to arrive at the
“Calibrated” More Renewables Case

= 156 MW of CCGT, instead of retrofitting with CCS, would retire in 2030 - this pushes Pool Prices back up in
the 2030s, allowing other resources to return to similar levels of profitability as under the 2035 Base Case

Annual average Pool Price for the 2035 Base Case and 2035 More Renewables Cases
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HHHH Modeling results of the 2035 More Renewables Case indicate that retrofitting
LE CCGTs with CCS may not be economically viable for some older CCGTs; older
CCGTs may choose to retire early instead of retrofitting

» Additional renewables result in lower Pool Prices, including more frequent zero Pool
Prices, which leads to lower profitability for gas- and hydrogen-fired new entry

» Without additional renewables, older CCGTs with CCS retrofits can cover their fixed O&M
costs in 7 out of 10 years in 2028-2037

» With additional renewables, older CCGTs with CCS retrofits are only marginally able to
recover their fixed O&M costs in 2028-2032, and their profitability continues to be much
lower (relative to the 2035 Base Case) through the late 2030s
*= Such economic returns may suggest the possibility of a different longer term market outcome, where some

of the older CCGTs may choose to retire instead of retrofitting with CCS - this forms the basis of developing
the More Renewables Calibrated Case

Modeled pre-tax net yield of new entry (2035 More Renewables Case)

Technology 2030 2035 2040
Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC 14%
Older CCGT with CCS Retrofits with ITC 3% 14%
Peaker (Frame) -1% 11%
Cogeneration Hydrogen with ITC -19% -9%

Combined Cycle Hydrogen with ITC 11%
Wind with ITC 13%

Solar with ITC

Storage with ITC* -2% 0%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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HHHH With more renewables layered on top of the 2035 Base Case, if one existing
LE CCGT decides to retire instead of retrofit with CCS, Pool Prices would
increase, improving the profitability of other units

» LEI tested retiring one CCGT and two CCGTs to understand how the economics of other
units would be impacted, and found that retiring two CCGTs would bring the economics
of other units to be over the 2035 Base Case levels

» The increase in Pool Price is caused by both high prices due to changes in merit order,
but also worse reliability (due to the decrease in CCGT fleet size)

» Retiring one CCGT in 2030 would change the economics of the remaining CCGTs with CCS
retrofits - they would go from having a negative net present value (“NPV”) to positive NPV

= NPV is calculated based on the sum of discounted net profits throughout the forecast period using a 10.5%
discount rate

Modeled pre-tax net yield of new entry (2035 More Renewables Calibrated Case)

Technology 2030 2035 2040
Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC 16%
Older CCGT with CCS Retrofits with ITC 3% 16%
Peaker (Frame) -1% 13%
Cogeneration Hydrogen with ITC -19% -7%

Combined Cycle Hydrogen with ITC 14%
Wind with ITC 13%

Solar with ITC

Storage with ITC* -2% 0%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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LE Additional renewables have a bigger price effect on annual average Pool
Prices in the longer term under the 2050 Base Case

» Under the 2050 Base Case, Pool Prices grow from an average of $80/MWh in 2024, to an
average of $153/MWh by 2043 (CAGR of 3.3% from 2024)

= 4,520 MW of additional renewable capacity drives down Pool Prices by $38/MWh by 2043, resulting in a
CAGR of only 1.8% under the 2050 More Renewables Case

» Calibrating new entry (by cancelling 125 MW of new entry) increases Pool Prices closer to
the 2050 Base Case

= Average Pool Prices at the end of the forecast timeframe increase from $115/MWh under the 2050 More
Renewables Case to $132/MWh under the 2050 More Renewables Calibrated Case

» The system is more sensitive to supply changes in the 2050 More Renewables Case, as

the system is less reliable in the back-end (2040+) as compared to the 2035 More
Renewables Case

Annual average Pool Price for the 2050 Base Case and 2050 More Renewables Cases
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HHHH Testing of the 2050 More Renewables Case indicates that 125 MW of gas-
LE fired units may not be economically sustainable, due to the resulting Pool
Price impacts of additional renewable generation

» More Renewables layered on top of the 2050 Base Case puts further pressure on the
economics of gas-fired units

= Many new or retrofitted CCGTs are only able to cover their fixed O&M costs - even by the late 2030s

= Older CCGTs with CCS retrofits are only marginally able to recover their fixed O&M costs over an extended
timeframe (during the 2033-2037 period)

* Hydrogen-based units are not able to earn a positive return on investment even by the end of the 20-year
forecast period

Modeled pre-tax net yield of new entry (2050 More Renewables Case)

Technology 2030 2035 2040
Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC

Older CCGT with CCS Retrofits with ITC

Peaker (Frame) 0%

Cogeneration Hydrogen with ITC -18% -16% -13%
Combined Cycle Hydrogen with ITC -1%
Wind with ITC 13%

Solar with ITC

Storage with ITC* -2% -1% -1%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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| I D Cancelling 125 MW of new entry in 2029-2033 brings the profitability of
other units back to the 2050 Base Case levels

» CCGTs with CCS retrofits are not able to earn a reasonable rate of return in all 2050 cases
due to the low carbon price

» Cancelling 125 MW of new entry only helps bring the net yield of CCGT with CCS retrofits
to be non-negative and similar to 2050 Base Case levels

» Even though the profitability of new entry improves under the 2050 More Renewables
Calibrated Case, levels are still lower than those in the 2035 Base Case and 2035 More
Renewables Calibrated Case

Modeled pre-tax net yield of new entry (2050 More Renewables Calibrated Case)

Technology 2030 2035 2040
Newer CCGT (online in 2024)

Newer CCGT with CCS Retrofits with ITC

Older CCGT with CCS Retrofits with ITC

Peaker (Frame) 0%

Cogeneration Hydrogen with ITC -18% -14% -7%

Combined Cycle Hydrogen with ITC 3%

Wind with ITC 14%

Solar with ITC

Storage with ITC* -2% -1% 0%

Note: This profitability analysis only includes energy market revenues and carbon offsets. Some technologies, such as storage, are expected to earn a large
proportion of their revenues from ancillary services markets, which are not included in this financial analysis.
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HHHH More Renewables Calibrated Cases have significantly more hours at $0/MWh
LE than the Base Cases, which outweighs the impact of more frequent price
spikes and unserved load events in the back years

# of hours with Pool Prices at $0/MWh (Base Case vs More Renewables Calibrated Case)
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E Total production costs (sum of fuel costs + variable O&M cost + carbon cost
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Total production cost (Base Case vs More Renewables Calibrated Case, nominal $ million)
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Key modeling results

Implications of different decarbonization policies

Implications of additional renewables

Implications of lower demand
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HHHH Under the 2035 Base Case conditions, average Pool Prices are sensitive to
LE demand shocks and fall by a much greater percentage than the change in
LONDON demand

ECONOMICS

» The purpose of the Lower Demand Cases is to understand how Pool Prices and supply
adequacy change in response to a demand shock
* The demand shock is assumed to be unexpected; therefore, LEIl kept the supply mix unchanged
= LElI modeled the lower demand in two sample years (2035 and 2038)

» When hourly demand is lowered by 3.5% in the ~390 MW Lower Demand Case, average
Pool Prices decrease by 15% to 18%

» When hourly demand is lowered by 7.2% in the ~800 MW Lower Demand Case, prices are
34% to 37% lower

» The relatively large average Pool Price changes indicate that there are many hours where
the market clears at the steeper part of the supply curve, reflecting tight supply-demand
conditions

Annual average Pool Price forecast, 2035 Base Case vs 2035 Lower Demand Cases

(weather normal), nominal $/MWh

2035 2038

m 2035 Base Case 2035 ~390 MW Lower Demand Case w2035 ~800 MW Lower Demand Case
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LE The 2050 Base Case is slightly less sensitive than the 2035 Base Case to
- demand shocks in 2035, but slightly more sensitive in 2038

» Under LEI’s 2050 ~390 MW Lower Demand Case, the average Pool Price in 2035 is
forecasted to be 13% lower than the 2050 Base Case

= The percentage change in Pool Price is smaller than the change under the 2035 ~390 MW Lower Demand
Case (18%), indicating that supply-demand conditions are less tight under the 2050 Base Case in 2035

» Under the 2050 ~390 MW Lower Demand Case, the average Pool Price falls by 16% in 2038

= The percentage change in Pool Price is slightly larger than the change under the 2035 ~390 MW Lower
Demand Case (15%), indicating that supply-demand conditions are tighter under the 2050 Base Case in 2038

» In the 2050 ~800 MW Lower Demand Case, prices are 29% lower (in 2035) and 36% lower
(in 2038)

Annual average Pool Price forecast, 2050 Base Case vs 2050 Low Demand Case

(weather normal), nominal $/MWh

2035 2038
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LE Glossary of key terms
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Ancillary services: Ancillary services include Operating Reserves, Transmission Must-Run, Black Start, Load Shed Services for
imports, and Fast Frequency Response. Ancillary services are procured by the AESO to support the reliable operation of the
electric grid on a day-ahead basis.

Equivalent Forced Outage Rate on demand (“EFORd”): EFORd measures the probability that a generating unit will not be
available due to forced outages or forced deratings when there is demand on the unit to generate.

Pool Price: The Alberta wholesale market for electricity is a single-price, competitive energy market, in which market
outcomes (e.g., price and dispatch of power plants) are determined by the intersection of demand and supply, subject to
certain limitations, such as the price floor at $0/MWh and $1,000/MWh price cap. Generators offer to produce energy at a
certain price. AESO, as the system operator, determines the most economic (least cost) dispatch of generators, based on
their offers. This happens on a minute-by-minute basis, as demand and supply are constantly changing. The hourly average
of the minute-by-minute prices is known as the hourly Pool Price. Generators that are producing electricity within a specific
hourly interval get paid the Pool Price and buyers of electricity must pay the Pool Price.

Scheduled Outage Factor (“SOF”): SOF measures a generation unit’s unavailability due to planned or maintenance outages.

Short-run marginal costs (“SRMCs”): SRMCs consist of costs associated with an incremental unit of energy supplied. The
largest component of the SRMC for fossil fuel-fired power plants is typically fuel costs (e.g., coal or natural gas prices
multiplied by the thermal efficiency of the generating unit in question). The SRMC also contains other non-fuel variable O&M
expenses, such as consumables used by the facility’s operations to generate the energy, as well as costs associated with
carbon emissions.

Simulation modeling: Generally, a simulation model is intended to mimic real world dynamics. With respect to the electricity
market, simulation modeling determines the dispatch of generating resources in the market (assuming that the lowest cost
generator is “dispatched” first in each hour) to meet projected hourly load, subject to technical assumptions regarding
generation operating capacity and availability of transmission. This analysis will also produce a forecast of Pool Prices.

Weather normal: LEl used actual weather data in its long term energy market modeling, in order to ensure realistic
conditions. LElI chose to use 2021 weather conditions (which impacted hourly renewable generation and hourly variation in
load) to represent “normal” weather, because 2021 conditions were closest to longer term averages and were neither mild
nor abnormally extreme in terms of weather factors that could skew the results towards low likelihood events.
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weather-normal scenario analysis
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While LEI has taken all reasonable care to ensure that its analysis is complete, power markets are highly dynamic, and thus certain recent
developments may or may not be included in LEI's analysis. Investors, lenders, and others should note that:

= No results provided or opinions given in LEI's analysis should be taken as a promise or guarantee as to the occurrence of any future events.

= There can be substantial variation between assumptions and market outcomes analyzed by various consulting organizations specializing in
competitive power markets and investments in such markets. Neither LElI nor its employees make any representation or warranty as to the
consistency of LEl's analysis with that of other parties.

= LElI's analysis is not intended to be a complete and exhaustive analysis of future market outcomes. All possible factors of importance to a
potential investor have not necessarily been considered. The provision of an analysis by LElI does not obviate the need for potential investors to
make further appropriate inquiries as to the accuracy of the information included therein, and to undertake their own analysis and due
diligence.

The contents of LEPs analysis do not constitute investment advice. LEIl, its officers, employees, and affiliates make no representations or
recommendations to any party other than the AUC. LEI expressly disclaims any liability for any loss or damage arising or suffered by any third
party as a result of that party’s, or any other party’s, direct or indirect reliance upon LEI’s analysis.
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HH“H LElI conducted forward-looking simulations of the Alberta power market
LE using a scenario-based approach, in order to estimate future supply
adequacy and a typical residential customer’s electric bill

Wholesale

electricity Probabilisti £
market outlook ahnalyslis robapi IStI? as:s_essment (0]

reliability
4 N - )
LEl used its LEI considered key To assess supply adequacy*, LElI simulated
simulation-based exogenous drivers - weather-based variability and different
modeling suite to like carbon policy, plausible generation outage patterns on top
forecast market pace of renewable of the scenario outcomes to develop a
outcomes under development, and distribution of potential market outcomes
Alberta’s current level of demand - in S~ __—
energy-only market the simulation I ) e
framework - modeling through Total electric bill impacts I
leveraging scenario analysis and
information from sensitivities I
AESQO'’s preliminary LEl paired the supply forecast emerging from I
2024 Long-term the scenario analysis with transmission and
Outlook (“LTO") I distribution cost projections to assess I
\ / affordability impacts for residential
customers

L I I I I I I J
Focus of this Annex

* LEI’s terms of reference focus on supply adequacy, notwithstanding other dimensions of system reliability.
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| E A typical residential customer bill for electricity in Alberta is comprised of

- four components: supply, transmission, distribution, and other charges
LONDON
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In 2023, the monthly electric bill for a typical residential
customer that consumed 589 kWh/month ranged from
$194 to $278, depending on the distribution facility owner
(“DFO”)

¥

Transmission Distribution
costs costs

Other charges

$115-$120 + $23-528 $28-592 $22-538

On average, On average, + On average, + On average,
54% of total bill 12% of total bill 21% of total bill 14% of total bill

Notes:
« Energy component is based on average Regulated Rate Option (“‘RRQ”) prices for January through December 2023 for each DFO.

Other charges component includes retailer fixed charges, Local Access Fees (“‘LAF”), and Goods and Services Tax (“GST”). LAF for EPCOR and ENMAX is based

on Edmonton ($0.0105/kWh in 2023) and Calgary (11.11%), respectively. LAF for ATCO (4.28%) and Fortis (15.20%) is based on average LAF for top five

municipalities (by population) for each service territory.

Other charges component excludes riders (e.g., Balancing Pool Adjustment, Transmission Access Charge Adjustment Rider), as riders were also excluded

from LEI's forward-looking bill impact analysis. Riders were excluded from the forward-looking analysis as it is unclear how they will evolve over time. In

2023, total riders ranged from approximately $2 to $17 per month, depending on the DFO.
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LE LElPs affordability assessment leveraged other existing analysis and
information on costs, where appropriate

» AESO’s 2020 Delivered Cost of Electricity
Report

v" Provides an approach for building monthly electricity
bill estimates for an average residential customer

» AESO’s 2022 Transmission Rate Projection
v" Provides an approach for estimating average
transmission rates going forward

» AESO’s 2022 Long-term Transmission Plan
(“LTP”) and 2023 Grid Reliability Update

v" Provides an outlook for major transmission
investments needed under Base Cases

» AESO’s 2022 Net-Zero Emissions Pathways

i Aotz Report
Netzoro apaifl of Aberss v" Renewables and Storage Rush Scenario provides an
Grid Reliability Update outlook for additional transmission investments
Stakeholder Information Session v .
November 23, 2023 JAUC needed to support higher levels of renewables

Alberta Utilities Commission

» Guidehouse’s 2024 Net-Zero Analysis of
Alberta’s Electricity Distribution System
(prepared for the AUC)

v" Provides an outlook for distribution system costs for
integrating increasing levels of solar DERs and EVs
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HHHH The electric bill impact analysis relies on AESO’s forecasts and information,
LE results from LEI’s weather normal scenario analysis, as well as current

regulatory policy

» LEI estimated the impact of future supply changes and transmission and distribution cost
trajectories on the typical residential customer’s electric bill at the DFO level by

component
To derive monthly electric bill estimates for 2024-2040:
Transmission Distribution
- costs Other charges
« Based on the load- * Includes AESQO’s 2022 * Includes service * Local access fee
weighted average LTP major projects, charges (“LAF”) escalated
Pool Prices from plus more recent .« 2023 rates based on average
LEI’s POOLMod announcements from escalated by I-X + observed change
outputs, which AESO’s 2023 Grid Growth historically
differ by scenario Reliability Update « Includes GST
+ * Incorporates + | Ir!cor_por_ates + .

) distribution cost e Excludes riders
addltlopal_ impacts of (e.g., Balancing
transmission costs for integrating solar Pool Adjustment,
the More Renewables DERs and EVs Transmission
Cases (based on Access Charge

Guidehouse analysis Adjustment Rider)

commissioned by
the AUC)
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3 Key modeling results
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LE The hourly load profile for a typical residential customer is consistent with
- that used in AESO’s Delivered Cost of Electricity analysis

LONDON

ECONOMICS

» Electricity consumption for a typical residential customer averages 589 kWh per month;
this assumption is maintained throughout the forecast period

Monthly residential consumption profile (kWh)

1,000

750

Average = 589 kWh per month

500

250

Monthly consumption (kWh)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

» To test whether this assumption should change over time, LEl compared the growth in

annual AIL energy (GWh) from AESQO’s preliminary 2024 LTO to provincial population
growth estimates from the Government of Alberta

= Annual AIL energy grows at a CAGR of 1.1% over the 2024-2040 period according to the AESO, while the
Government of Alberta forecasts population growth at a CAGR of 1.6% over the same timeframe

= However, the ratio of AlIL energy to population is fairly stable over time, which does not suggest a material
change in electricity consumption per capita

Sources: AESO. Delivered Cost of Electricity Report. May 2020; AESO. 2024 LTO Preliminary Data File. November 15, 2023; Government of Alberta. Alberta
Population Projections, 2023-2051 - Alberta and Census Divisions - Data Tables. Updated July 5, 2023.
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I

LE A typical household in Alberta consumes more electricity in the evening than
in the middle of the day
LONDON

Average residential daily load profile by season (kWh)

kWh

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour beginning

Calendar year average e \\inter (Nov 1 - Apr 30) Summer (May 1 - Oct 31)

Note: Winter and summer months align with the AESQ’s seasonal definitions (see for example AESO. 2022 Annual Market Statistics. March 2023).
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HHHH Energy charges for a typical residential customer are based on the load-
LE weighted average of LEl’s hourly Pool Price forecast for each scenario (from
the weather normal scenario analysis)

» Energy charges increase the most under the 2035 Base Case (CAGR of 5.7% from 2024 to
2040), followed by the 2035 More Renewables Calibrated Case (CAGR of 4.5%), the 2050
Base Case (CAGR of 2.4%), and the 2050 More Renewables Calibrated Case (CAGR of 1.9%)

» Pool Prices, even under weather normal conditions, may vary due to timing of generation
outages - this variability (uncertainty) was assessed in the energy charge calculations
* For example, under the 2035 Base Case, load-weighted average Pool Prices range +/- $50/MWh around the

average at most (see blue shaded area around the blue line), which equates to approximately +/- $30 on a
monthly electric bill (assuming electricity consumption of 589 kWh per month)

Load-weighted average Pool Price by scenario (nominal $/MWh)

$300 - Blue shaded area shows forecast uncertainty in
wholesale market costs under the 2035 Base Case as
an example

« Solid lines are based on a single seed for each

scenario, and as such do not represent the modeled
average across 10 seeds

g $200

> 2035 Base Case

r_é 2050 Base Case

€ ===2(035 More Renewables Calibrated Case
g $100 =—=2050 More Renewables Calibrated Case

Load-weighted average Pool Price
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HHHH Transmission rates for each scenario are based on different potential
LE transmission investment paths, given varying amounts of renewables and
linkage between Pool Prices and ancillary services costs

» Transmission rates increase the most under the 2035 More Renewables Calibrated Case
(CAGR of 1.7% from 2024 to 2040), followed by the 2035 Base Case (CAGR of 1.6%), the
2050 More Renewables Calibrated Case (CAGR of 1.3%), and the 2050 Base Case (CAGR of
1.0%); overall, transmission rates grow more slowly than energy charges

» Transmission rates are subject to investment uncertainty; LEI tested the impact on
transmission rates of increasing or decreasing major project cost estimates by 50%
= For example, under the 2035 Base Case, testing +/- 50% around project cost assumptions introduces at

most +/- $4/MWh to average transmission rates (see blue shaded area around the blue line), which equates
to approximately +/- $2 on a monthly electric bill (assuming consumption of 589 kWh per month)*

Average transmission rate by scenario (nominal $/MWh)

$60

Blue shaded area shows uncertainty in ——2035 Base Case
$30 future transmission investments under 2050 Base Case
the 2035 Base Case as an example

= 2035 More Renewables Case Calibrated

= 2050 More Renewables Case Calibrated

Average transmission rate ($/MWh)

$-

™ < © A
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OO
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>
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* Also assuming that the consumption profile of non-residential customers and their contribution to transmission cost recovery does not change.
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| E Transmission rates were estimated by leveraging AESO’s Transmission Rate
- Projection model to incorporate several transmission cost components

LONDON

ECONOMICS

» Revenue requirement for existing assets » Revenue requirement for additional
= Based on AESQO’s 2024 ISO Tariff Update transm'ss_'on investment needed to
Application and the general tariff applications support higher levels of renewables
('GTAs") of the transmission facility owners = LEI considered the relationship between the
(“TFOs") transmission revenue requirement and additional
R . for f renewable MWs assumed under the Renewables
> St reqmr_ement 2 or_ecaSt and Storage Rush Scenario in AESO’s 2022 Net-
connection projects and capital Zero Emissions Pathways Report:
maintenance and replacement .
= Based on TFO GTAs and AESQO’s 2022 § £ .'
Transmission Rate Projection g8 $100 ° -
wge o ® ...
S5 9 @ . ... °
» Revenue requirement for future EPE 06 o ¢ o
transmission investment c3e ; """ o o
E o
= Based on AESO’s 2022 LTP projects, with g3 $- ¢
updates from AESQO’s 2023 Grid Reliability £ 0 500 1,000 1,500
Update and discussions with AESO staff Incremental renewable MWs
» LEl estimates ~$1.9 billion in additional
s 13 ” -
> Operating reserves (“OR”") costs, which transmission capital costs would be needed over
are keyed off energy market trends and the 2024-2040 period to support the ~4.5 GW of
vary by scenario additional renewables added in LEI’s More

Renewables Cases; this would increase
transmission rates by at most $2/MWh under the
More Renewables Cases relative to the Base Cases

= OR costs are linked to LEI’s forecasted Pool
Prices under each scenario and load growth
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LE The distribution component varies by DFO, due to differences in service
territories (rural vs urban)
LONDON

» The distribution component accounts for a significant portion of total residential electric
bills for ATCO (41% on average over the 2019-2023 period), compared to Fortis (26%),
EPCOR (20%), and ENMAX (18%)

Residential electric bill breakdown by component and DFO (2019-2023 average)

ATCO EPCOR

Other charges Other charges

15%

13%
Energy
32%

ansmission

12% Jransmission

ENMAX Fortis

Other charges
Other charges 14%

19%

ransmission

ransmission
14%

16%

Note: Excludes riders (e.g., Balancing Pool Adjustment, Transmission Access Charge Adjustment Rider).
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HHHH The distribution component is escalated from current levels by I-X + Growth,
LE consistent with the third-generation performance-based regulation (“PBR3”)

I-X escalation is the same across all DFOs

A

Inflation (I) factor averages 2.4% per

year over the 2024-2040 period

« Under PBR3, the | factor is based on a weighted
average of the Alberta Fixed Weighted Index
(“FWI”) (60%) and the Alberta Consumer Price
Index (“CPI”) (40%)

« Alberta FWI forecasts are not readily available,
so LElI based near-term inflation (2024-2026) on
the average Alberta CPI forecasts from the big
five banks and Government of Alberta; for 2027
onwards, LEl assumed 2% inflation, consistent
with AESO’s long-term inflation assumption

» LEl estimated and included a 30 bp adder in
each year, to account for the historical observed
impact of incorporating FWI data in the | factor
formula

Productivity (X) factor Customer
is set at 0.4% per year growth escalator

 Under PBR3 (AUC

|

« Differs by DFO

+ See next slide for
more details

Decision 27388-DO1-

2023 issued in October

2023), the X factor of

0.4% is based on 0.1%

industry total factor
productivity (“TFP”) +
growth and a stretch

factor, plus a 0.3%
benefit-sharing

mechanism

» The distribution component in LEl’s forward-looking analysis also incorporates the impact
of increasing levels of DER and EV penetration on distribution system costs
* LEl leveraged Guidehouse’s 2024 Net-Zero Analysis of Alberta’s Electricity Distribution System Report, which

estimates integration costs associated with varying levels of solar DERs and EVs; LEI rescaled the
Guidehouse estimates to align with the level of DERs and EVs forecasted in AESO’s preliminary 2024 LTO

Sources: AUC. Decision 27388-D01-2023, 2024-2028 Performance-Based Regulation Plan for Alberta Electric and Gas Distribution Utilities. October 4, 2023;

Guidehouse. Net-Zero Analysis of Alberta’s Electricity Distribution System. January 22, 2024.
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HHHH Under PBR3, a customer growth escalator is applied to determine each DFQO’s
LE K-bar capital funding, and is calculated as the annual change in the average
customer count, reduced by 15%

» Given customer growth forecasts by DFO are not readily available, LEI
based the escalator on Government of Alberta population forecasts at the
census division level, reduced by 15% (consistent with PBR3)

= LEl aggregated the population estimates for the census divisions that most closely overlap
each DFQ’s service territory

» Over the 2024-2040 period, LEI’s customer growth escalator averages 0.9%
for ATCO, 0.8% for Fortis, 1.5% for EPCOR, and 1.5% for ENMAX

ATCO DFO data Population estimate Fortis
4% - 4%
f =}
2R 3% 2R 3%
- N o N
o) — o)y r—
C > 2% o o> 2%
£ £
08]% S e - e o e e e e e o= - Og]% e e e e e e e e e e - e o
75 25
33 0% 3o 0%
Y9 VOO ANMNIFTINONODNO —ANMTLNONODO O ] VOO~ ANMNITILNONODOIO —ANMTLIONODO O
> = o — — AN AN NN NNANNNNMOMOMMM MO MMM N N M SE > = o — — AN AN NN NNANANNNMOMOMMM MO MMM N N M SE
OV']/) o oNoNoNoNoNolNololololololoNolNoloNoNoloNoNoNe] Ov]/) [eNeoNoNoNoNoNoNoNoloclololololololololololholNoNe]
> AN AN AN AN ANANANANANANANANANANANANANANANANANANAN > AN AN AN AN AN AN AN ANANANAN AN AN ANANANANANANANANAN N
4% - 4%
E E
< 3% < 3%
Sin °ix \
o — O
o 2% M o 2% ~ o
[(e] —_——_______ gg e em e e e e e e e o
g'cl% 5T 1%
s 9 o 9
wn Y 9
S35 0% S35 0%
Uq; VOO — AN MNTNMOMNOVDOO —ANMSTNONOOWO O Uq; OO — AN MTINONOOOODO — AN MWL ONOCWO O
>—\L, o — — AN AN NN NANANNNNMOMOMMM MO MMM NN M e >—\L/ o — — AN AN NN NNANNANNMOMOOMO OO O MMM oN N N <E
(@) B/ 3 eReNoNeNoNeNoNeNoNoNoNeoNoNoNoNoNoNoleNoNeoNoNe (@) % 0O 0000000000000 O0OO0OOO0O0OO
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Source: Government of Alberta. Alberta Population Projections, 2023-2051 - Alberta and Census Divisions - Data Tables. Updated July 5, 2023.
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LE Residential electric bills are expected to be highest under the 2035 Base
- Case and lowest under the 2050 More Renewables Calibrated Case

» Across all scenarios, residential electric bills are expected to grow at a rate faster than
inflation (2% per year) in the later years of the forecast period

» Despite higher bills, electric service reliability is expected to deteriorate*

Projected residential electric bill CAGRs by DFO and scenario

2035 Base Case 2035 More Renewables Calibrated Case
(Federal draft CER) (Federal draft CER with more renewables)
ATCO 2.1% 5.5% ATCO 2.6% 5.0%
EPCOR 1.9% 7.4% EPCOR 2.7% 6.7%
ENMAX 1.6% 7.7% ENMAX 2.5% 7.0%
Fortis 1.9% 6.7% Fortis 2.7% 6.1%
Province avg. 1.9% 6.8% Province avg. 2.6% 6.2%
2050 Base Case 2050 More Renewables Calibrated Case
(Provincial plan) (Provincial plan with more renewables)
ATCO 1.9% 3.7% ATCO 2.4% 3.6%
EPCOR 1.6% 4.6% EPCOR 2.4% 4.5%
ENMAX 1.3% 4.7% ENMAX 2.2% 4.5%
Fortis 1.7% 4.1% Fortis 2.4% 4.1%
Province avg. 1.6% 4.3% Province avg. 2.4% 4.2%

* LEl's electric bill impact analysis is paired with the reliability outcomes from LEI’'s long term weather-normal scenario analysis - see Annex 1 (Scenario Analysis:
Long Term Weather-Normal Energy Market Forecast) for more details.
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Key modeling results > Total electric bill impacts under Base Cases
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Typical residential bills are the highest under the 2035 Base Case, and are
estimated to increase by a province-wide average CAGR of 4.2% from 2024 to
2040 - over twice the assumed rate of inflation (2% per year, see red lines)

2035 Base Case

EPCOR

$251

2019-2023
average

$158
7
~

L s

2025 2040
Fortis

$279

2019-2023
average

2025 2035 2040
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Under the 2050 Base Case, typical residential electric bills are estimated to
increase at a slower province-wide average CAGR of 2.8% from 2024 to 2040,
due to lower Pool Prices relative to the 2035 Base Case

2050 Base Case

Distribution
EPCOR
$196
$136 $116 $126 $149
e -—'-' T .
||
7 ||
| e — || || N
2019-2023 2025 2030 2035 2040
average
Fortis
$224
7
ek I
| [ | [ [ .
2019-2023 2025 2030 2035 2040

average
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EPCOR

Typical residential bills under 2035 More Renewables Calibrated Case grow
slower than 2035 Base Case (province-wide average CAGR of 3.7% vs 4.2%);
impact of lower Pool Prices somewhat muted by higher transmission rates

2035 More

Renewables

Calibrated

Case

$229

2019-2023
average

$158
7
~

L s

2025

Fortis

2035

$257

2019-2023
average

2025

2040
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HHHH Typical residential bills are the lowest under the 2050 More Renewables
LE Calibrated Case, increasing by a province-wide average CAGR of 2.6% for
2024 to 2040 - but still above the assumed long-term inflation rate (2%)

2050 Movre
ATCO 3.7% 2.7% 3.3% 2.6% Renewables
EPCOR 4.4% 2.9% 3.9% 2.7% Calibrated
ENMAX 4.5% 2.8% 3.8% 2.6% Case
Fortis 4.1% 2.7% 3.6% 2.6%
mmmm Energy s Transmission Distribution
ATCO mmm Other charges — ===2% inflation EPCOR
%400 %400
S $307 i
L3 §252 22
59 $214 $215 59
9T > $191 | RS $191
v = $200 ﬁ = $200 $136 $149
= — == $110 $123
£ ﬁ £ %
E o E o || _—
S £ oc 7
= 5. | G || . || l = . | i — [ [ |
2019-2023 2025 2030 2035 2040 2019-2023 2025 2030 2035 2040
average average
ENMAX Fortis
%400 $400
i 5%
2 U
§3 $195 g3 (175 $219
o $200 oo, $151 o= $200  §158 §147
>c $112 $125 > C % $130
= % ZE // -
g g _ . i £ g 7 _——
= 5. | v _— - | = . | 2 - | [ I
2019-2023 2025 2030 2035 2040 2019-2023 2025 2030 2035 2040

average average
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Key modeling results > Total electric bill impacts under Low Demand Cases

www.londoneconomics.com ®

» The percentage reduction in residential electric bills is greater under the 2035 ~390 MW

Lower Demand Case than the 2050 ~390 MW Lower Demand Case, consistent with Pool
Price results

» The transmission component does not change significantly with lower demand - although

the transmission revenue requirement is recovered from a lower DTS load (increasing
transmission costs), operating reserves costs decrease (decreasing transmission costs)

» Also, the distribution component increases by 1% on average with lower demand due to
increases in the “Distribution - Energy Charge”, which is recovered on a $/kWh basis

Province-wide average monthly electric bill, Base Cases vs ~390 MW Lower Demand Cases,

nominal dollars

$400
= _ $292
L $266
Lo
53 $211 $196
T $200 .
> £
< E - -
=S} - l
oL
=
. 1 ] L] ]
2035 Base 2035 ~390 2035 Base 2035 ~390
Case MW Lower Case MW Lower
Demand Demand
2035 2038 ‘
EEnergy ®Transmission

$400

Monthly electric bill
(nominal dollars)
o
N
(@)

o

Distribution

$233

E On a province-wide average basis, residential electric bills are between 3% to
9% lower under the ~390 MW Lower Demand Cases relative to the Base Cases

$220
$182 $176 . I
B B =
2050 Base 2050 ~390 2050 Base 2050 ~390
Case MW Lower Case MW Lower
Demand Demand
2035 ‘ 2038 ‘

® Other charges

22
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HHHH Typical residential electric bills are expected to closely track outcomes in the
LE wholesale energy market, and thus are rising above the rate of inflation in
all scenarios; despite higher bills, electric service reliability worsens

Typical residential electric bills are expected to be lower under a decarbonization policy that

pursues net zero by 2050 rather than by 2035

= Residential electric bills rise at a slower rate under the 2050 Base Case (province-wide average CAGR of 2.8%
from 2024 to 2040) than under the 2035 Base Case (4.2%)

= Electric bill estimates are subject to forecast uncertainty - for example, under the 2035 Base Case, Pool Prices
represent +/- $50/MWh at most (which is approximately +/- $30 per month), based on the impact of
generation outages; transmission costs represent a further +/- $4/MWh at most (which is approximately +/- $2
per month), based on investment uncertainty

With additional renewables, electric bills are expected to be lower than under the Base Cases -

although the impact of lower Pool Prices is somewhat offset by higher transmission rates

» Electric bills rise at a province-wide average CAGR of 3.7% from 2024 to 2040 under the 2035 More
Renewables Calibrated Case, and 2.6% under the 2050 More Renewables Calibrated Case

Lower demand in the form of an unexpected “demand shock” tends to reduce the typical
residential electric bill

»= LEl observed that the reduction in Pool Prices far outweighs the loss of billing determinants in the ~390 MW
Lower Demand Cases tested - this is a favourable feature of the energy-only market

However, all scenarios project residential electric bills outpacing inflation in the later years of
the forecast period, despite deteriorating reliability

= LEI's electric bill impact analysis is paired with the reliability outcomes discussed in Annex 1 (Scenario
Analysis: Long Term Weather-Normal Energy Market Forecast), which anticipates lower levels of electric service
reliability than Albertans have become accustomed to

LEPs analysis reports total residential electric bill estimates for an “average” month (assuming

589 kWh of consumption), and so does not capture the monthly volatility that could arise
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HHHH LEI also conducted a “share of wallet” analysis to provide an indication of
LE affordability: electric bills for a typical residential customer remain within

industry-accepted affordability thresholds, although reliability worsens

» The “share of wallet” is measured as the percentage of gross household income spent on
energy bills (electricity and gas) - high energy burden > 6%; severe energy burden > 10%

» LEI assessed the electricity burden over time under each scenario, based on escalating
Alberta average total income (2021) - $115,600 per year - using growth in Alberta CPI

Electricity burden (%), 2035 Base Case

10%

S

3 S
c 8% 33
g 7 L3
= D
g 6% I ATCO
> Fortis
k=
E 4% ENMAX
)
9]
7] EPCOR
o 2% g—

0%
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Average electricity burden (%) by DFO under various scenarios (2024-2040)

ATCO 2.0% 1.9% 1.9% 1.8%
EPCOR 1.2% 1.1% 1.2% 1.1%
ENMAX 1.3% 1.1% 1.2% 1.1%
Fortis 1.4% 1.3% 1.4% 1.3%
Province-wide avg. 1.5% 1.3% 1.4% 1.3%

See for example Fisher, Sheehan & Colton. Home Energy Affordability Gap; Alberta average total income from Statistics Canada Table 11-10-0190-01.
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HHMH For the lowest income customers in the province, the share of wallet analysis
LE shows a much higher energy burden, breaching 10% (severe energy burden)
for ATCO throughout the forecast period and for other DFOs in later years*

» LEI assessed the electricity burden in Alberta over time under the various scenarios for
the lowest income customers

* |ncome based on Alberta average total income for the lowest income decile (2021) - $15,100 per year -
escalated using growth in Alberta CPI

» Electricity consumption based on Alberta average household electricity consumption for households with
income under $20,000 per year (2019 - latest available data) - 458 kWh per month

Electricity burden (%), 2035 Base Case

20%

>

18% & _
o 16% §$8 /\
o o x
S14% 23 I = ATCO
2 12% Fa— P
> 10% “ Fortis
2 8% ENMAX
5 6%
] EPCOR
= 4%

2%

0%
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Average electricity burden (%) by DFO under various scenarios (2024-2040)

ATCO 13.0% 12.3% 12.7% 12.2%
EPCOR 7.8% 7.1% 7.5% 7.0%
ENMAX 8.1% 7.3% 7.7% 7.2%
Fortis 9.2% 8.5% 8.8% 8.3%
Province-wide avg. 9.5% 8.8% 9.2% 8.7%

* Under the 2035 Base Case and the 2035 More Renewables Calibrated Case only.
Sources: Statistics Canada Tables 11-10-0192-01 and 25-10-0062-01, 1 GJ = 277.7778 kWh (see Canada Energy Regulator. Energy conversion tables)
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HHHH To assess the potential impact on industrial customers, LEl compared
LE around-the-clock Pool Prices plus levelized transmission costs to the
levelized costs of building an off-grid solution

» To assess the levelized costs of an off-grid solution for an industrial customer, LEI

assumed that the primary behind-the-fence generator would be a CCGT, with a backup
peaker

» LEI’'s assumed capital costs and fixed O&M costs are for one CCGT unit plus one peaker unit - capital cost
and fixed O&M cost assumptions are from AESQO’s preliminary 2024 LTO

= QOperating assumptions (heat rate, fuel costs, nominal variable O&M, and carbon costs) are for one CCGT
unit

= Capacity factor is set at 90%

» Pre-tax weighted average cost of capital (“WACC”) is set at 10.5%, consistent with AESO’s assumptions for
merchant generation, recognizing that individual industrial customers’ WACC may be different

Levelized cost of a hypothetical off-grid solution (nominal $/MWh)

$300

$200

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Nominal $/MWh

Note: Levelized cost increases over time due to gas prices and carbon costs
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| E LEl’s illustrative analysis suggests that an off-grid solution may be more

- economic than acquiring electricity from the grid for some period of time
LONDON

ECONOMICS

» LEl assumed the large industrial customer would only have to pay for energy and transmission (and
would be consuming these services around the clock)

= Under the 2035 Base Case, the levelized cost of an off-grid solution is lower than paying for energy and transmission
costs; as energy costs rise sharply, the incentive for economic bypass increases

= Under the 2050 Base Case, the levelized cost of an off-grid solution is no longer lower than grid service beyond 2031

= However, given worsening reliability under both Base Cases, remaining on grid may not support the level of electric
service reliability that Albertan customers have become accustomed to, increasing the incentive for economic bypass

Grid-connected power and transmission costs faced by an industrial customer under Base Cases

vs cost of an off-grid solution (nominal $/MWh)

$300
<
=
= $200
S~
‘f Energy + transmission - 2035 Base Case
]
= Energy + transmission - 2050 Base Case
£ $100
§ Cost of CCGT w/ peaker backup
$_
9 0 A D O 0 N S D L S 0 A LD 9 O
VN I 2 2 A I A A M A M I I I s
AT AT AT AT AR ADT AR AT AR AR AR ADT AT AT AT AP

» This is an illustrative analysis

»= LEI did not consider any capital budget constraints of an industrial customer, which would mean a different IRR and
cost of capital and therefore raise/lower the levelized cost of the off-grid solution

= LEl assessed only one potential off-grid solution; other technology solutions exist (e.g., renewables + BESS)
= Some customers may want additional redundancy; the costs of such redundancy have not been included

= Furthermore, there may be other potential financial benefits of an off-grid solution that have not been accounted for
in our illustrative analysis (e.g., hot water and steam service from a BTF generator)
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L E Disclaimer notice
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While LEI has taken all reasonable care to ensure that its analysis is complete, power markets are highly dynamic, and thus certain recent
developments may or may not be included in LEI's analysis. Investors, lenders, and others should note that:

= No results provided or opinions given in LEI's analysis should be taken as a promise or guarantee as to the occurrence of any future events.

= There can be substantial variation between assumptions and market outcomes analyzed by various consulting organizations specializing in
competitive power markets and investments in such markets. Neither LElI nor its employees make any representation or warranty as to the
consistency of LEl's analysis with that of other parties.

= LElI's analysis is not intended to be a complete and exhaustive analysis of future market outcomes. All possible factors of importance to a
potential investor have not necessarily been considered. The provision of an analysis by LElI does not obviate the need for potential investors to
make further appropriate inquiries as to the accuracy of the information included therein, and to undertake their own analysis and due
diligence.

The contents of LEPs analysis do not constitute investment advice. LEIl, its officers, employees, and affiliates make no representations or
recommendations to any party other than the AUC. LEI expressly disclaims any liability for any loss or damage arising or suffered by any third
party as a result of that party’s, or any other party’s, direct or indirect reliance upon LEI’s analysis.
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LE LEl’s probabilistic supply adequacy analysis builds upon the foundation of
- the POOLMod and ConjectureMod modeling results

Simulation-based dispatch model that projects a single market-clearing price

for each hour _ _
Above SRMC offer behaviour provides an

POOLMod investment signal under the enerav-onlv market
- LEI’s proprietary simulation
dispatch model

Probabilistic assessment
I of weather-related factors

ConjectureMod

- Consists of several key - Game theory module within
algorithms, such as POOLMod for the Alberta WeatherMod
IR SClUee i ug; market - Assesses reliability and
assignment of stochastic -Projects above short-run resource adequacy and tests
forced outages, hydro marginal cost (*SRMC”) I the resiliency of the system
shadow pricing, offers, replicating real-world o plant outages and varying
commitment, and dispatch | outcomes; offers will be wesilher cemelillons

dynamic and change daily
with evolving market

conditions I variation of generation

outages, and consideration

of weather patterns and

I their impact on load,
intermittent renewable

- Allows for stochastic I

generation, as well as
I unplanned outages

I I I I I J
Focus of this Annex
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Inputs

Long term weather-
normal modeling

Hourly load pattern based
on 2021 data

Wind and solar hourly
capacity factors based on
2021 data

10 “seeds” for random
maintenance and outages

1

Probabilistic supply
adequacy analysis

Hourly load pattern, and
wind and solar capacity
factors from 5 historical
years (2018-2022)

25 synthetic hourly
weather patterns

50 “seeds” for random
maintenance and outages

Common inputs
Fuel prices
Carbon prices
Emissions policy »
Load growth
Expected retirements
New entry

LEl’s propriety energy market simulation
model, POOLMod

Stage 1: Commitment

Not No
committed

for dispatch

Yes l

Capacity and load (MW)

1357 911131517192123

Hour of the day
Competitive bidding
Stage 2: Dispatch

www.londoneconomics.com ®

The probabilistic supply adequacy analysis is conducted using the same
tools as LEI's long term weather-normal modeling, but incorporates far more
weather combinations

Outputs

4

Long term weather-
normal modeling

= 20-year price forecast
based on “weather-
normal” scenario

= Focuses on average Pool
Price and profitability of
assets

Probabilistic supply
adequacy analysis

= Only models specific

2038, 2040)

= Each year is simulated
1,500 times under a
combination of weather

I profiles and randomized

maintenance/outages

Focuses on frequency

and distribution of
! unserved load events

years (2025, 2030, 2035,

1
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LE Supply adequacy is measured in terms of expected unserved energy (“EUE”),
- which is an industry standard metric in reliability analysis

» Unserved energy refers to instances where not all lllustration of unserved energy

customers’ electricity demand can be met 14,000 -
* When the system runs out of available supply to provide electricity 12,000
to all customers, AESO would have to shed some load, which means 10,000
some customers will not have electricity for some period of time 2 5000
E il
* |n the industry, this is sometimes referred to as a “rolling blackout” 6,000 Unserved energy is the gap
between energy demand
. . . 4,000 and available supply
» Expected unserved energy is a metric to estimate the 000
level of supply adequacy of an electric grid '
0
= EUE is the estimated average MWh of unserved energy in a year 1357 91 12d‘5 1719 21 23
Hour of day
= EUE has also been adopted by the AESO in its long-term supply Wind generation Solar generation
adequacy an a|y5|s Other resources available mmmmm Unserved energy

e Demand

» In LEI's probabilistic supply adequacy analysis, the total unserved energy (in MWh) in
each of the 1,500 runs for each modeled year is measured; EUE is the simple average of
the unserved energy for those 1,500 runs

» Additional insights can be obtained through detailed analysis of modeled hours with
unserved energy

Distribution of Duration of loss of Magnitude of loss of Analysis of severe loss
unserved energy load events load events of load events
= Which season has the = How many consecutive * How many MWhs of * |n the 5% most severe
highest risk? hours in a loss of load unserved load in a loss loss of load events, what
= Which hour of the day event? of load event? is the typical duration or
has the highest risk? = Unserved energy as a % typical % of demand
= What are the causes of of demand in that hour unserved?

unserved energy?
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E The purpose of the probabilistic supply adequacy analysis is to understand
the risks faced by the electric grid given the current market design

I
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Results of LEIP’s supply adequacy analysis are based on the resource mix developed in
the long-term analysis, which assumes continuation of the current market design

- The resource mix is based on AESO’s preliminary 2024 Long-term Outlook (“LTO”)

- The current market design features an energy-only market with a $0/MWh price floor and
$1,000/MWh price cap

This analysis focuses on supply adequacy at the hourly level, and does not study
reliability risk at the sub-hourly level of grid operations

- Unserved energy occurs when there are not enough resources to meet hourly demand
- Sub-hourly level of grid operational risk, such as need for additional ancillary services, is not modeled

LEl measures reliability risk in terms of energy, in the form of EUE; other costs of an
unreliable grid are not modeled

- Other costs of an unreliable grid include, but are not limited to, economic losses (due to business
productivity interruptions), increase in the cost of doing business in Alberta (due to need to install
backup generation), decrease in the quality of life, or even loss of human lives

There are options to reduce the EUE or limit the impact under the worst-case
scenario

- For example, in its preliminary 2024 LTO presentation, AESO discussed the use of electric vehicle
(“EV”) load shifting (load management) to mitigate reliability risk; other demand response and
controllable load programs could also be helpful

- Modifications to the current market design could also result in a different supply mix, which may
improve supply adequacy

It is outside the scope of this study to identify methods or market designs to reduce

the forecasted reliability risks

6
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HHHH Key inputs for the probabilistic supply adequacy analysis are built using real
LE world electric system data, instead of relying on assumptions related to
roson | distribution and correlation of weather events

ECONOMICS

* Inputs sampled from actual weather data, yielding realistic representations

« Can accommodate multiple stochastic drivers - planned plant maintenance and
unplanned outages - that resemble real world behaviour

* Provides a detailed representation of potential market outcomes with realistic weather-
driven impacts

» Adjusts for generation outages, different patterns of load, and intermittent (weather-
dependent) renewable generation

« Transmission outages were not explicitly considered, but their effect on system
operations is partially captured in the other data relied upon, including the historical
import/export data and the historical renewable generation data*

» Represents real-world outcomes with net load and supply cushion variations

* Yields a distribution of potential market outcomes - supporting various statistical
analyses and confidence level testing

« By simulating a large number of plausible scenarios, we no longer need to make a priori
assumptions on the underlying distribution

* Transmission system outages, including outages on interties, impact reliability outcomes. If imports are not available for some period of time, and that
coincides with other factors that cause a tight supply-demand condition on the electric grid, that may cause supply adequacy to further deteriorate. However,
intertie outages were not considered in LEI’s supply adequacy analysis. LEl modeled interties based on market opportunities - with more imports in higher
priced hours and more exports in lower priced hours, as discussed in Annex 1 (Scenario Analysis: Long Term Weather-Normal Energy Market Forecast).
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LE Using 2018-2022 actual load patterns and renewable capacity factors, LEI
- developed 25 synthetic weather profiles for assessing supply adequacy

0 Develop weather profiles based on historical data and AESO’s load modifier forecasts

= Uses 2018-2022 hourly load shape
Load pattern » Peak demand and total load scale with AESO preliminary 2024 LTO forecasts to account for demand growth

» Add back AESO preliminary 2024 LTO load modifiers to weather-adjusted demand forecast for future years

Solar capacity = Developed based on 2018-2022 hourly solar generation divided by installed solar capacity in the
factor corresponding month

Wind capacity » Developed based on 2018-2022 hourly wind generation divided by installed wind capacity in the
factor corresponding month

9 5 actual weather profiles (2018-2022), split into weekly profiles

>
| 2018FProfile | 1 | 2 | 3 | 4| s [ 6|7 |8 | o fto]. |44]4s]| a6 a7 | 48] ao]s0]s1]5s2]|
| 2019Profile | 1 [ 2 | 3 1| 4] s 6| 7|81 o 1ol . |44 46|47 48] a0l so]s | 52]

e 25 synthetic weather profiles based on randomized mix of weekly actual weather profiles

| Synthetic1 | v JFaRS] 4 JRSH 6 |10 | | 44 | | 50 | st | 52 |
| Synthetic2 [l 2 s | 6 | 7 B R | 48 [ 49| so | 51 [ 52
| Synthetic24 |4 | | 6 | 7 8] 9 [ad]

L a | s |l e 7 | s | ool J]aslas] 6] a7 |50 | 51

(4)s

30 weather profiles x 50 outage seeds = 1,500 runs for each modeled year, allowing LEI to analyze the
distribution of EUE events

0 maintenance and forced outage “seed” runs on each of the 5 actual weather and 25 synthetic weather profiles
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HHHH The synthetic weather profiles result in a diverse but realistic range of load
LE and renewable generation profiles, as opposed to using the load and
renewable generation profile of any single year

Modeled range of weekly average on-peak demand (2038)

The shaded areas represent the
14,000 10t to 90th percentile hourly value
13.000 of the week
g 12,000
2 11,000
g - For the demand shape, the 2018-
8 10,000 2022 weekly averages represent
9.000 the hourly average on-peak
‘ forecasted demand if the load
8,000 pattern follows 2018-2022
1 35 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 historical data, adjusted fOI' new
Week demand drivers such as EVs and
Modeled range of capacity factors (by week) for existing wind electrification of space heating
100%
80% . .
5 For wind and solar capacity
& 60% factors, the 2018-2022 weekly
B averages represent the hourly
g 40% average of 24x7 actual historical
8 data
20%
0%
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Week 90%
Modeled range of capacity factors (by week) for existing solar 80%
60%
100% 40%
80% 20%

10%
0,
60% —— 2018 weekly average

40% 2019 weekly average

-
[}
-
153
[}
[rid
>
=
)
[}
Q
3]
9]

— 2020 weekly average
20%
— 2021 weekly average

0% —— 2022 weekly average

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 5]
Week
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LE LElI performed the probabilistic supply adequacy analysis for 5 selected
- years out of the 20 years modeled in the long term weather-normal analysis

» The probabilistic supply adequacy analysis is performed for selected years only due to
the larger number of simulations required for each analyzed year

» Therefore, LElI performed the analysis at 5-year intervals (2025, 2030, 2035, and 2040),
with one additional year (2038), as that is the year where all existing coal-to-gas units are
assumed to retire

= For the Lower Demand Cases, only 2035 and 2038 are analyzed, as resource adequacy concerns as a result
of demand shocks are expected to be minimal in 2025 and 2030

Years and scenarios for which LEI conducted its probabilistic supply adequacy analysis

2035 Base Case

2050 Base Case

2035 More Renewables Calibrated Case

N X X
DN N N N
D N N NN

2050 More Renewables Calibrated Case

2035 ~390 MW Lower Demand Case

SN N X X X
<N X X X X

2050 ~390 MW Lower Demand Case
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HHHH Under the 2035 Base Case, projected supply adequacy - in terms of EUE -
LE reaches very high (unprecedented) levels in 2038 and 2040, indicating a high

probability of load shed

» Under LEI’s 2035 Base Case, in 2035, with unabated assets limited to 450 hours of
operation, modeled EUE across 1,500 weather runs reaches 2,754 MWh

» In 2038, modeled EUE across 1,500 weather runs reaches 30,491 MWh

*= This is materially worse than the AESO’s projected Resource Adequacy Threshold of approximately 1,135
MWh in 2038*

» In 2040, modeled EUE declines to 14,533 MWh due to additional entry, but is still
materially above the AESO’s projected Resource Adequacy Threshold

Modeled EUE, 2035 Base Case with weather variability

35,000 All existing coal-to-

gas assets expected 1
30,000 to retire between
2035 and 2038

25,000
< 20,000
=
s AESO projected

15,000 Resource Adequacy

Threshold for 2035/38
10,000 (~1,135 MWh)
5,000
\ 4

\ 4

2025 2030 2035 2038 2040

* Source: AESO. 2024 Long-term Outlook Preliminary Update. November 15, 2023. The threshold is calculated as the 1-hour average Alberta internal load for a
year divided by 10.
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HHHH LEl also assessed the distribution of projected EUE under the 2035 Base
LE Case, in order to better understand the severity of potential load shed in

2035 and 2038

» In 2035, nearly 80% of the 1,500 model runs result in no unserved load

= Conversely, around 20% of the model runs result in some unserved load

» However, in 2038, only 1% of the 1,500 model runs result in no unserved load; for 37% of
the runs, unserved load as a % of annual demand is less than 0.1%

» Furthermore, in 2038, for 1.3% of the 1,500 model runs, unserved load could exceed 1% of
annual demand

Distribution of modeled unserved load under the 2035 Base Case with weather variability

100% 100%
80% 80%
g 60% S 60%
[} [}
> =)
o o
L 40% L 40%
e -
20% 20%
0% 0%
0\0 0\0 0\0 0\0 v@\a 0\0 0\0 0\0 Q\Q Q\Q Q\Q Q\Q O\Q 0\0 0\0 0\0 0\0 0\0 0\0 0\0 0\0 0\0 0\0 Q\D 0\0 0\0 0\0 0\0 0\0 0\0 0\0 C\Q 0\0 0\0
S G o 3 B (57 8 S 87 (B (& (S AP 8 5F 8 SONTG A I R G G R NG G
SRR SIS SIS U SR R OO R SO SR (IR SIS SIS SR NS N o\o/ o\o' o\o' o\o' o\o' c\o¢ o\ol o\ol o\ol o\o( o\o( o\o( o\o/ s\o/ s\o/ e\o/
NG I R W RS I PP P S P 6P AP g g P P R S s s

0,

X

Unserved load (% of annual demand) Unserved load (% of annual demand)



Key modeling results > Supply adequacy under 2035 Base Case www.londoneconomics.com ® 15

LE Under the 2050 Base Case, projected EUE for 2038 and 2040 are better (more
- reliable) than the 2035 Base Case, but are still at unacceptable levels

» Compared to the 2035 Base Case, the 2050 Base Case has worse resource adequacy in
2025 and 2030, because 2 additional coal-to-gas units are assumed to retire before 2025
under AESO’s Decarbonization by 2050 scenario (see next slide for more details)

» Under LEI’s 2050 Base Case, in 2035, modeled EUE across 1,500 weather runs reaches
1,420 MWh

» In 2038, modeled EUE across 1,500 weather runs reaches 16,793 MWh

= 2050 Base Case has relatively better supply adequacy than the 2035 Base Case; however, still materially
worse than the AESO’s projected Resource Adequacy Threshold of approximately 1,135 MWh in 2038*

» In 2040, modeled EUE is estimated at 5,127 MWh - still above AESO’s projected Resource

Adequacy Threshold
Modeled EUE, 2050 Base Case with weather variability
35,000
30,000
25,000
< 20,000
§ AESO projected
15,000 Resource Adequacy
Threshold for 2035/38
10,000 (~1,135 MWh)
5,000
2025 2030 2035 2038 2040

* Source: AESO. 2024 Long-term Outlook Preliminary Update. November 15, 2023. The threshold is calculated as the 1-hour average Alberta internal load for a
year divided by 10.
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HHHH More coal-to-gas retirements in the near term without sufficient replacement
LE capacity results in increased risk of unserved load (coupled with abnormal

weathes
ECONOMICS

» AESO assumes all coal-to-gas units (totaling ~4 GW) would retire by the end of 2037

» However, the schedule of retirements differs between AESO’s Decarbonization by 2035
and Decarbonization by 2050 scenarios
= ~2.2 GW (56%) of these coal-to-gas units retire in 2024 under AESO’s Decarbonization by 2035 scenario
* |n comparison, ~2.6 GW (66%) retire in 2024 under AESO’s Decarbonization by 2050 scenario

= 2.9 GW of new dispatchable capacity is added from 2023-2025, consistent with the AESO’s supply projections,
resulting in a net increase in dispatchable capacity, which is less than forecasted demand growth over the
same period of time

» Under the 2050 Base Case, LEI’s modeled EUE in 2025 with 2.6 GW of coal-to-gas retirements
reaches 2,450 MWh, exceeding both AESO’s LTO Resource Adequacy threshold (1,135 MWh)
and Two-Year Probability of Supply Adequacy Shortfall Metric from Nov. 2023 (2,005 MWh)

Distribution of modeled unserved load in 2025 under different coal-to-gas retirement schedules

8% At 2.2 GW of coal-to-gas
retirements, there are no
. modeled scenarios out of 1,500 More coal-to-gas retirements in 2025

6% runs resulting in more than 0.4% without sufficient replacement of
S of demand being unserved in dispatchable capacity results in a higher
o 2025 tail risk with larger unserved load

100% =1 4%

o
[
i

N
X

o
S

0.1% - 0.2% 0.2% - 0.3% 0.3% - 0.4% 0.4% - 0.5% 0.5% - 0.6%

0%
0% 0.0%- 0.1%P.1% - 0.2%0.2% - 0.3% 0.3% - 0.4% 0.4% - 0.5% 0.5% - 0.6 Unserved load (% of annual demand)

2035 Base Case (~2.2 GW retirements) 2050 Base Case (~2.6 GW retirements ) 2035 Base Case (~2'2 GW retirements) 2050 Base Case (~2.6 GW retirements)
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HHHH LEl assessed the distribution of projected EUE under the 2050 Base Case,
LE which demonstrates less severe modeled unserved load in 2038 as
compared to the 2035 Base Case

» In 2035, over 80% of the 1,500 model runs result in no unserved load

= Conversely, around 20% of the model runs result in some unserved load

» However, in 2038, only 45% of the 1,500 model runs result in no unserved load

Distribution of modeled unserved load under the 2050 Base Case with weather variability
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LE LEP’s modeled EUE in both the 2035 Base Case and 2050 Base Case are
- comparable with the AESO’s modeled EUE in its preliminary 2024 LTO

Forecasted EUE in 2038, LEI vs AESO preliminary 2024 LTO (MWh)

LEI 2035 Base Case

LEI 2050 Base Case

AESO Decarb by 2035

AESO Decarb by 2050

10,000 20,000 30,000 40,000 50,000
EUE (MWh)

» Some differences between LElI and the AESO’s EUE results are to be expected - LElI and the
AESO rely on different inputs related to weather, outages, and hourly demand shape

» Despite inherent differences in modeling inputs, LEI’s results are aligned with the AESO’s
EUE results - both demonstrate increasing EUE from the 2050 scenarios to the 2035
scenarios; both also demonstrate similar levels of EUE across comparable supply-demand
scenarios

Source: AESO. 2024 Long-term Outlook, Preliminary Update. November 15, 2023.
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Alberta’s system is forecast to have the highest unserved energy risk in

- winter evenings, with highest risk hours in December from 6-9 pm
LONDON
ECONOMICS

» In the 2035 Base Case, nearly 20% of unserved energy events occur in December (6-9pm)

» Unserved energy events occur when there is a combination of very low wind generation,
no solar generation (during nighttime), high demand, and higher than average generation
asset outages

Month

Monthly and hourly distribution of modeled unserved load in 2038 (2035 Base Case)

Hour of day

anuary 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 002 0.05 007 0.09 0.09 0.09 0.07 0.06 0.03
February 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.07 0.07 0.07 0.06 0.05 0.01
March 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
April 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
une 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
uly 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[August 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

September 0.000 0.00 0.00 0.00f 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.000 0.00

October 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

November 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.04 0.07 0.07 0.07 0.07 0.06 0.05 0.02

December 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.06 0.06 0.05 0.04 0.04 003 0.03 0.03 0.07 014 0.17 017 0.17 0.17 0.14 0.15 0.07
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HHHH In the top 5% worst situations modeled, an average of ~10% of demand
LE would be unserved, with events on average lasting for almost an entire day

@3 hour
ECONOMICS

» For reference, Storm Uri in 2021 resulted in an estimated load shed of up to 26% of
demand in Texas; load shed lasted for ~72 hours

* The Electric Reliability Council of Texas (“ERCOT”) estimated that 20,000 MW out of ~76,000 MW of demand
was shed during the highest demand hour on February 15, 2021

Summary of average and 5% worst case EUE, MW of unserved load, and duration of unserved load

EUE (MWh) 2025 2030 2035 2038 2040
2035 Base Case 872 271 2,754 30,491 14,533
2050 Base Case 2,450 2,103 1,420 16,793 5,127
AESO forecasted Resource Adequacy Threshold* 2,005 1,135 1,135

Average MW of unserved load during outage events (MW) 2025 2030 2035 2038 2040
2035 Base Case 292 256 410 473 408
2050 Base Case 357 356 335 430 344

Worst 5% event** average unserved load duration (hours)
2035 Base Case

12.9

10.1

15.5

23.0

2050 Base Case

15.2

13.1

11.2

19.0

Worst 5% hours** average unserved load (MW)
2035 Base Case

981

815

971

1,034

2050 Base Case

1,088

1,045

1,043

1,245

Worst 5% hours** average % of demand unserved (%)
2035 Base Case

8.3%

6.7%

7.5%

7.9%

2050 Base Case

9.3%

8.7%

8.1%

9.4%

* Note 1: In 2025, modeled EUE for the 2050 Base Case is higher than the threshold value published in the AESO’s November 2023 Long-Term Adequacy (“LTA”)
Report - this is because LEI’'s 2050 Base Case assumes over 3 GW of coal-to-gas unit retirements by 2025, while AESO’s November 2023 LTA only assumes 820
MW of coal unit retirements.

** Note 2: The 5% worst events are measured for average unserved load duration, average unserved load MW, and % of demand unserved; these do not
necessarily correspond to the same events - some events may be long but with small MW unserved, other events may be short but with large MW unserved.
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HH“H LEI’s More Renewables Calibrated Cases are projected to result in lower
LE levels of supply adequacy (higher levels of EUE), because lower profits in the
energy market result in less CCGT new entry / earlier retirements

Forecasted EUE in 2038 under different scenarios (MWh)

2035 Base Case

AESO projected
Resource Adequacy
Threshold for 2038

(~1,135 MWh)

i

i
|
|
I
|
|
2050 Base Case | |
|
|
|
|
|
|

2035 More Renewables Calibrated

2050 More Renewables Calibrated

10,000 20,000 30,000 40,000 50,000
EUE (MWh)



Key modeling results > Supply adequacy under 2035 Low Demand Case www.londoneconomics.com ® 22

HHHH Holding supply conditions constant, lower demand results in better
LE reliability; however, in 2038, the 2035 ~390 MW Lower Demand Case still
results in reliability that is worse than the AESO’s current standard

» A negative demand shock of 3.5% reduces the EUE in the Decarbonization by 2035
scenario materially

» In 2035, EUE decreases from 2,754 MWh to 857 MWh, bringing the EUE in the 2035 ~390
MW Lower Demand Case to below AESO’s projected Resource Adequacy Threshold

» In 2038, EUE decreases from 30,491 MWh to 11,524 MWh under the 2035 ~390 MW Lower

Demand Case, which is still significantly higher than the AESO’s projected Resource
Adequacy Threshold

= An estimated additional 800 MW of demand reduction over the 2035 ~390 MW Lower Demand Case (i.e.,
~1,200 MW over the 2035 Base Case) is needed to reduce the EUE to below the Resource Adequacy

Threshold
Modeled EUE, Decarbonization by 2035 (MWh)
30,000
25,000
< 20,000
§ AESO projected
15,000 Resource Adequacy
Threshold for 2035/38
10,000 (~1,135 MWh)
5,000
2035 2038

m 2035 Base Case 2035 ~390 MW Lower Demand Case
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LE Similarly, in 2038, the 2050 ~390 MW Lower Demand Case still results in
- reliability that is worse than the AESO’s current standard

» In 2035, EUE decreases from 1,420 MWh to 308 MWh, bringing the EUE in the 2050 ~390
MW Lower Demand Case to below AESO’s projected Resource Adequacy Threshold

» In 2038, EUE decreases from 16,793 MWh to 5,755 MWh under the 2050 ~390 MW Lower
Demand Case, which is still significantly higher than AESO’s projected Resource Adequacy
Threshold

= An estimated additional 550 MW of demand reduction over the 2050 ~390 MW Lower Demand Case (i.e.,
~850 MW over the 2050 Base Case) is needed to reduce the EUE to below the Resource Adequacy Threshold

Modeled EUE, Decarbonization by 2050 (MWh)

30,000
25,000
< 20,000
= .
> 15,000 AESO projected
Resource Adequacy
Threshold for 2035/38
10,000 (~1,135 MWh)
5,000
|
2035 2038

m 2050 Base Case 2050 ~390 MW Lower Demand Case
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LE Glossary of key terms

LONDON
ECONOMICS

AESO’s Resource Adequacy Threshold: The AESO develops a Long Term Outlook every two years to forecast electricity
demand and generation over a 20-year horizon to inform its long-term plans. The LTO monitors resource adequacy through
a Resource Adequacy Threshold. This analysis is conducted for information and planning purposes only - there is no
mechanism for the AESO to procure new generation even if reliability risk is found to exceed the threshold.

AESO’s Supply Adequacy Shortfall Metric: While the Alberta energy-only electricity market has no mandated reliability
targets, the AESO is still required to report on long-term (2 year) resource adequacy metrics on a quarterly basis. If the AESO
identifies a two-year probability of supply adequacy shortfall, the AESO may take specific preventative actions, including
procuring load shed services, back-up generation, or emergency portable generation.

Expected unserved energy (“EUE”): EUE is a metric to estimate the level of supply adequacy of an electric grid. It is the
estimated average MWh of unserved energy in a year.

Load shed: As a result of unserved load, a system operator would have to shed some load - which means that some
customers will not have electricity for some period of time. In the industry, this is sometimes also referred to as a “rolling
blackout”.

Rolling blackout: A rolling blackout entails the system operator intentionally cutting electricity to some customers in order
to balance supply and demand. A rolling blackout is therefore a partial outage of the electric system - in contrast with a
system-wide blackout, where the entire system is on outage.

Supply adequacy: Supply adequacy is having enough electricity generation supply to meet hourly demand, taking into
account planned and unplanned outages and other factors that may impact demand or supply. Supply inadequacy is one
cause of poor system reliability.

System reliability: System reliability is broader than supply adequacy and includes elements such as inertia and frequency
support. In other words, supply adequacy is a component of system reliability. Other components of system reliability
include the ability to continuously balance supply and demand and maintain adequate inertia and frequency on the grid.

Unserved load/unserved energy: Unserved load (or unserved energy) refers to instances where not all customers’
electricity demand can be met, regardless of price. It can be measured in MWh or % of annual demand not met, which is the
amount of demand that is not served when the system runs out of available supply to provide electricity to all customers.
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L E Disclaimer notice
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While LEI has taken all reasonable care to ensure that its analysis is complete, power markets are highly dynamic, and thus certain recent
developments may or may not be included in LEI's analysis. Investors, lenders, and others should note that:

= No results provided or opinions given in LEI's analysis should be taken as a promise or guarantee as to the occurrence of any future events.

= There can be substantial variation between assumptions and market outcomes analyzed by various consulting organizations specializing in
competitive power markets and investments in such markets. Neither LElI nor its employees make any representation or warranty as to the
consistency of LEl's analysis with that of other parties.

= LElI's analysis is not intended to be a complete and exhaustive analysis of future market outcomes. All possible factors of importance to a
potential investor have not necessarily been considered. The provision of an analysis by LElI does not obviate the need for potential investors to
make further appropriate inquiries as to the accuracy of the information included therein, and to undertake their own analysis and due
diligence.

The contents of LEPs analysis do not constitute investment advice. LEIl, its officers, employees, and affiliates make no representations or
recommendations to any party other than the AUC. LEI expressly disclaims any liability for any loss or damage arising or suffered by any third
party as a result of that party’s, or any other party’s, direct or indirect reliance upon LEI’s analysis.
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Executive Summary

The Alberta Utilities Commission commissioned a market perception study
from Longview Communications and Public Affairs (recently renamed “FGS
Longview”") to review the attractiveness of Alberta’s power market from

an investor perspective, identify the drivers behind changes in stakeholder
perceptions, and assess investor views on potential market design changes.

FGS Longview conducted interviews
with stakeholders in Alberta’s power
market, including capital providers,
incumbent and prospective develop-
ers of renewable and thermal genera-
tion in Alberta, industry analysts and
Indigenous participants in energy and
infrastructure projects. The follow-
ing is a summary and overview of the
primary conclusions of those inter-
views.

Itis important to note that this
report presents the views shared by
the study participants. It makes no
recommendations nor does it reach
any conclusions or offer a view on
government policy choices, which
must take into account a wide range
of stakeholder interests. Investment
considerations should be viewed in
this broader context.

Stakeholder perception of Alberta’s
power market is highly varied and
changing rapidly. Study participants
identified numerous factors that
contributed to their historical and
current outlook on the attractiveness
of Alberta’s power market. However,
one factor stood out as a key driver
of changing stakeholder perception
among all participant groups: policy
uncertainty.?

Policy uncertainty is leading to a
reduction in appetite for investment
from both incumbent and non-in-
cumbent generators as well as from
providers of capital. Participantsin
the study agreed that policy uncer-
tainty has increased over the past
decade, which prevents prospective
investors from accurately project-
ing future market and policy envi-
ronments, and modelling project
revenues based on those projec-
tions. Participants in the study do
not uniformly agree on who bears the
responsibility for creating this uncer-
tainty, with participants suggest-

ing a variety of responsible parties.
However, participants were aligned
on the assertion that a more coordi-
nated and measured approach from
all parties would support a more
constructive environment for invest-
ment in Alberta.

Participants were in general agree-
ment that the existing energy-only
model is well positioned to deliver

on concurrent goals of emissions
reduction and affordability, but many
participants indicated that the exist-
ing market framework was not set up
to deliver on reliability. Despite this,
most participants indicated a prefer-
ence for minor revisions to

N fos longview

the energy-only model to competi-
tively procure reliability services over
substantive market reforms such as
capacity markets or provincial Crown
corporations. Participants expressed
concern over the considerable time
required to implement market design
reforms, as well as varying degrees
of conviction that other market
designs would deliver better reliabil-
ity outcomes than the energy-only
market.

Finally, most participants indicated
that their primary concerns with the
Alberta power market were short-
term, stemming from uncertainty
around unfinalized Clean Electricity
Regulations (“CER”), the provincial
pause on renewable energy devel-
opment, and other policy proposals
being considered at the federal and
provincial levels. Participants largely
agreed that, over the long term, when
federal environmental legislation is
finalized and provincial questions
around potential market reforms are
answered, Alberta would continue to
be an attractive market for investors.
However, if policy uncertainty persists
in the long run, Alberta will likely
continue to face a reduction in inves-
tor appetite for participation in new
generation projects.

1During the study period, Longview concluded a transaction in which it was acquired by FGS Global and commenced operations as FGS Longview. For the purposes of this report, the

term “FGS Longview” will be used throughout.

2 Participants in this study frequently used the terms “regulatory uncertainty” and “policy uncertainty” interchangeably. For the purposes of this report, both terms were understood to
mean policy uncertainty unless a participant is referring to specific regulations governing Alberta’s power market.




Background and Process

OVERVIEW

The market perception survey was
commissioned by the Alberta Utilities
Commission (“AUC”) under its Inquiry
into the ongoing economic, orderly,
and efficient development of elec-
tricity generation in Alberta. Under
Module B of the Inquiry, the AUC
commissioned two separate entities
to prepare research reports indepen-
dent of one another, focused on the
qualitative and quantitative impacts
of the increasing growth of renew-
ables on both generation supply mix
and electricity system reliability.

The goal of the survey was to assess
the attractiveness of the Alberta power
market, views on potential market
structure changes, and appetite

for merchant power risk by relevant
generation developers (incumbent and
non-incumbent) and sources of capital.
Following a competitive submission
process, FGS Longview was commis-
sioned to prepare the qualitative report
based on long-form, open-ended inter-
views with volunteer participants.

STUDY DESIGN

The survey targeted a variety of
participant categories from the
investment community, from oper-
ators of generation facilities in the
province and from Indigenous partic-
ipants in energy and infrastructure
projects. The initial list of potential
participants was developed by FGS
Longview in conjunction with the AUC.
Some participants were included
through recommendations by other
participants, or through their own
direct requests to the AUC or FGS
Longview to be included in the Inquiry.

All participants provided useful stake-
holder perspectives on the investibility
of the Alberta power market.

Within the investment community,
participants included institutional
providers of debt and equity capital®,
as well as research analysts employed
by investment dealers specializing in
utilities and power generation compa-
nies. The capital providers were
included because of their access to
capital and their exposure to invest-
ment opportunities throughout the
industry and in many jurisdictions.
The research analysts were included
for their deep knowledge of the indus-
try across multiple jurisdictions and
frequent engagement with hundreds
of institutional investors, providing
research and investment recommen-
dations on a regular basis.

Within the generators, participants
included those exclusively in the power
business as well as participants who
were also consumers of electricity in
the province. There was also meaning-
ful input from those who were either
Indigenous or worked closely with
Indigenous communities to support
Indigenous participation in energy

and infrastructure projects, as well

as an industry association represent-
ing members in the power generation
business. More detail on the break-
down of participants is available below.

The survey questions were prepared
by FGS Longview in consultation

with the AUC. Survey questions were
customized to target the area of inter-
est for each category of participant.
The survey primarily focused on the
following topics:

3 Definitions of these terms are available in the Glossary section of this report.
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» Background and nature of
participation in the Alberta energy
market

» Current views on the Alberta
economy and the attractiveness of
Alberta’s power market

» Impact of regulatory/market
structure considerations on
investment intentions

» Views on potential market design
changes

» Policy considerations for capital
markets respondents

» Investment considerations for
power generators

» Considerations in the invest-
ment decision-making/valuation
processes

STUDY PROCESS

During the course of interviews, FGS
Longview contacted 111 potential
participants of which 44 participated
in 30 interviews. These interviews all
took place between November 10 and
December 21, 2023, with the excep-
tion of one interview in January 2024.
Interviews were held over Zoom with
at least two interviewers per session.
Participants were offered the oppor-
tunity to comment for attribution or to
remain anonymous. Almost all partici-
pants agreed to take part on the condi-
tion of anonymity. The sessions were
recorded and transcribed for accuracy.
To preserve confidentiality, all copies
of the recordings will be deleted upon
submission of the final report. Themes
and findings were analyzed within each
participant group, but responses may
be aggregated on questions where
they are aligned.




PARTICIPANTS

INVESTMENT COMMUNITY
Capital Providers (afterwards
known as “Investors”)

This group had invested equity or
debt capital in the Alberta power
market and are potential providers of
future capital. There were 12 partic-
ipants in a series of 8 interviews
offering 9 separate perspectives. The
participant mix included representa-
tives from private investment coun-
sellors (4), bank-owned investment
managers (4) and insurance compa-
nies (4). The remaining data is based
on the nine unique respondents.

Total assets under management at
the organizations ranged from $30
billion to $200 billion. Most of the
investors managed assets across
multiple mandates including retail
mutual funds, institutional pooled

and segregated funds, insurance
company funds and dedicated project
finance portfolios.

Participants offered a diversity of
exposures including holding equities

in public utilities (2), bonds in public
utility companies (4) and non-public
utilities (1) or non-specific exposure
ranging from $50 million to $3 billion
across the sector (3).

Industry Analysts

Participants in this group included
representatives of four of the top five
major Canadian banks. They either had
primary research coverage of Cana-
dian utilities and power producers or
were involved in structuring capital
transactions on behalf of public and
private issuers. There were seven (7)
participants in a series of six (6) inter-
views. For the purposes of this survey,
the two (2) respondents in one inter-
view offered a shared perspective and
will be counted as one (1) participant.

The participants had a diverse range
of research coverage responsibilities
which included regulated utilities, pipe-
lines, and independent power produc-
ers, within Canada and North America.

Power Generators

Participants in this group included
twenty-three (23) individuals repre-
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senting fourteen (14) companies or
associations. For this report, the
comments of multiple individuals
representing one company have

been reflected as the comments of
one participant. Five (5) individuals
representing three (3) companies or
associations were exclusively in the
business of renewable energy. Seven
(7) individuals representing three (3)
participants had existing investments
across a diverse portfolio of gener-
ation technologies, including both
renewable and thermal generation.
Eleven (11) individuals representing
eight (8) companies were exclusively
in the business of thermal generation.
For the remainder of this report, the
“participant” refers to the company or
association, not the individual.

Indigenous Market Participants

Two participants in the study were
representatives of a First Nation or
work closely with Indigenous commu-
nities to support Indigenous partic-
ipation in energy and infrastructure
projects.
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Participant Feedback

The following sections set out the responses from participants to questions
on various aspects of the Alberta power market that contribute to an overall
view on investibility. The feedback represents the opinions of the different

participant groups as presented.

MARKET OUTLOOK

All participants were asked to
describe their current outlook for the
Alberta power market, identify if their
outlook had changed substantially in
recent years, and specify the drivers
behind any changes in outlook.

INVESTORS

When asked for an unprompted
assessment of the Alberta economy
and the Alberta power market,
participants offered the following
observations:

Link to energy industry

The most commonly identified feature
of the Alberta economy was the link
between Alberta’s economy and the
movement in energy prices. Although
energy had been a source of growth in
the province in the past, this link was
now seen as a source of increased risk
compared with other jurisdictions due
to a) higher volatility in the economy
due to the cyclicality of energy prices,
and b) the risk to the energy sector
from the transition away from

fossil fuels.

66 There was alot of painand alot
of difficulty in with respect to
decarbonization and invest-
ing in coal has been a difficult
space and [we are getting] alot
of pushback there and we'’re
getting increasing pushback
on the natural gas side from
investment committee. Look-
ing at gas more cautiously than
in the past.

o6

Power market uncertainties

Looking at the power market in
Alberta, the most common inves-

tor response cited the nature of
merchant contracts in Alberta as

a source of concern due to the
perceived lower credit quality of
merchant contracts as determined
by internal risk ratings or third-party
credit rating agencies. Many inves-
tors were supportive of the transition
away from coal but were concerned
about overbuilding of new supply. In
particular, a few participants indi-
cated concerns regarding the increas-
ing percentage of renewables creat-
ing price volatility and grid instability.

66 Even going back more than
10 years, the AESO itself
pointed out that the more
non-dispatchable assets you
add to the grid, the harderitis
to maintain grid stability.

Regional comparison

When asked to compare Alberta with
other jurisdictions for power market
investments, participants frequently
cited lower credit quality of merchant
contracts in Alberta. For some inves-
tors, the lower quality of merchant
contracts precluded any investment
in renewable power whilst others

said they would require some form

of compensation for the higher risk

in the form of higher spreads, short-
er-term contracts, or lower debt
component in the funding structure.
All these types of compensations
would increase the cost of construct-
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ing power generation in Alberta rela-
tive to other markets.

66 [In] Alberta, if you're lucky, you
can get 50 cents on the dollar of
leverage versus if you're an IPP
and you're doing a wind project
in Ontario, you can probably get
90 cents of it borrowed and only
have to putin 10.

And so, the way I would look
atitis..from an owner stand-
point, the inability to leverage
your capital to build a plantin
Alberta -that means that again,
you're using the highest cost of
capital in equity.

Many investors also cited Alberta as
having an increased risk of stranded
assets relative to other jurisdictions.
Some investors cited the risk of inves-
tor losses due to catastrophic events.
Some investors cited a history of
losses to investors from changesin
policy treatment.

INDUSTRY ANALYSTS
Favourable view of the economy

When asked about their current views
of the Alberta power market and
economy specifically, participants
largely agreed that Alberta is seen as
a largely favourable market due to the
improving economy and job opportu-
nities, investments in decarbonization,
infrastructure growth and high load
growth, robust economy for renew-
ables and the fact that firms have been
able to optimize existing assets. The




link to the health of the energy sector
was seen as a positive contributor

to economic growth. Some respon-
dents also mentioned that industry is
healthy, and companies under cover-
age have strong balance sheets.

History of policy and regulatory
uncertainty

There was general agreement

on the need for policy certainty.
Several respondents mentioned

there is uncertainty in the market

and expressed concern that the
economic life of legacy assets may
not translate into new market struc-
tures. Other respondents expressed
concern about current and past

levels of government involvement in
setting market structures. A small
subset of the participant group added
that regulatory decisions have not
always been timely to the detriment
of market participants. Another small
subset was hopeful that the Inquiry
process would lead to improved policy
clarity and transparency.

Several participants referred to the
Inquiry itself and the pause on approv-
als of renewable projects. Few partic-
ipants suggested that companies
should suspend decisions on new
investments until the new market
structure was announced. Others were
hopeful that the moratorium would be
temporary and that good opportunities
for investment in renewable genera-
tion would follow in time. A small subset
of the participant group expressed
concern about future oversupply.

Shifting market outlook

When asked if respondents views

on the Alberta power market have
changed in the past five years, all
participants who responded referred
to increasing uncertainty. Sources of
that uncertainty included:

» The end of the balancing pool

» Changes in government affecting
the economics of an investment in
power

» The current policy “squabble”
between the provincial and federal
governments
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» Introduction of Clean Electricity
Regulations

Several respondents pointed out
the specific risks of overbuilding of
renewables capacity causing more
zero-priced hours and hurting grid
reliability. Others said that it was
becoming more difficult to make
investment decisions due to increas-
ing policy uncertainty. By contrast, a
small subset said they had become
more of a believer in the ability of the
energy-only market to incent renew-
ables construction.

Regional comparison

When asked how Alberta compares
with other jurisdictions for invest-
ing in power projects and if there are
differences between variable, base-
load and dispatchable power, partic-
ipants’ answers demonstrated that
the dynamics of Alberta can be seen
as both a help and a hindrance. A
few respondents said Alberta was

a more challenging place to build
projects because a lack of contract
certainty made the project econom-
ics riskier, whilst other markets have
mechanisms to incent generation
with government-sponsored Crown
corporations. Alternatively, some saw
the ability to partner with the private
sector as a positive, as government
involvement was seen as a source of
delay and cost escalation.

POWER GENERATORS

Investibility today

Within this group, perspectives varied
on the investibility of the Alberta
power market in both the near term
and the long term. A majority of the
participants affirmed that the Alberta
power market was investible or that
they were currently exploring new
generation projects.

66 Generally speaking, we'’re very
bullish on the future of renew-
ables, not only in Albertabutin
Canada. I think the sky is the
limit to achieve climate change
targets.
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Several participants said the Alberta
power market was not investible in the
short term but could be in the long
term. A small number of participants
said that renewables were investible,
but thermal generation was “challeng-
ing.” A small number of participants
indicated the Alberta power market
was not investible.

Concern for power prices

Many participants indicated that they
expected power prices to decline in
2024 and 2025, driven by significant
capacity additions of both thermal
and renewable generation. A small
subset of the participant group,
including one of the representatives
of alarge, diversified operator stated
that there was no need for additional
investment in supply—renewable

or thermal—on a short-term basis
because expected capacity additions
in 2024 and 2025 would meet current
electricity demand.

66 Albertais full.

Impact of policy uncertainty

Participants invested in renewable
energy indicated that the appetite

for corporate power purchase agree-
ments remained strong and invest-
ment would likely continue after the
pause on approvals ends, depending
on the outcomes of the Inquiry. Partic-
ipants invested in thermal generation
indicated that future investment deci-
sions were more challenging thanin
recent years. This is attributed to over-
lapping and unfinalized regulations
that make it difficult to model project
revenues with any certainty.

Policy uncertainty was the most
frequently cited factor having a
negative impact on the participants’
market outlook. All participants
interviewed identified that increas-
ing policy uncertainty negatively
impacted their outlook for the Alberta
power market. In general, the inter-
viewed participants did not attribute
blame for causing this uncertainty to
any individual government, depart-
ment, agency, policy, or regulation.




Rather, there was a consensus that

it was the lack of agreement across
governments, departments, and
agencies that most significantly
contributed to policy uncertainty.
Participants indicated that the
inability to understand and model
future policy environments with any
certainty inhibits them from modelling
projected cash flows. Different partic-
ipants identified the Government of
Alberta, the Government of Canada,
the Alberta Utilities Commission, and
the Alberta Electric System Opera-
tor all as contributors to this lack of
policy certainty.

66 Any uncertainty is the enemy of
afree market.

Other drivers behind shifting percep-
tions of Alberta’s power market
include (listed alphabetically):

A desire for regional diversification
Clean Electricity Regulations
Concern about oversupply

Delays in regulatory processes

vVvYvyVvVvyy

Growth in share of intermittent
renewables

v

Pause on approvals for renewable
energy generation projects

v

Uncertain long-term carbon prices

» Uncertain treatment of natural gas
generation beyond 2035

» Volatile power prices

Shifting market outlook

Nearly all participants reported

that their outlook for the Alberta
power market had changed signifi-
cantly in the past five years. A small
subset of the participant group said
their outlook was unchanged. Of the
participants that identified a shift

in market outlook, most said their
outlook today had deteriorated from
five years ago. Longer regulatory
approval processes and conflict-

ing approaches to renewable power
development were identified as the
main drivers of this shift in outlook.

A few participants said they were now
more likely to invest in renewables and

less likely to invest in thermal gener-
ation, and others were uncertain. The
participants who were most uncer-
tain about their outlook for Alberta’s
power market are industrial consumers
of electricity. These participants did
note that they were now more likely to
invest in non-emitting self-generation
to support their corporate net-zero
goals and ensure cost certainty.

Regional comparison

Participants were asked to compare
Alberta with competing and neigh-
bouring jurisdictions when it comes
to the attractiveness of the power
market.

Five (5) of the participants are
geographically constrained to Alberta
due to proximity to company assets
that require electricity (i.e., cogenera-
tion). The comments of these partic-
ipants have been separated from the
other nine (9) participants due to this
geographic constraint.

Of these participants, most indicated
that Alberta’s power market has more
regulatory and cost uncertainty than
competing jurisdictions. Additionally,
some of these participants indicated
that Alberta’s volatile electricity prices
and high transmission costs have
forced them to reduce their exposure
to Alberta’s power market and pursue
business opportunities in other juris-
dictions with reliable, affordable, and
non-emitting power such as British
Columbia. All of these respondents
indicated that transmission costs were
a greater concernin Alberta thanin
competing jurisdictions.

66 There is no way that this market
can continue to be competitive
for industrial production.

Of the remaining nine (9) participants
who are not also industrial consumers
of electricity (i.e., are exclusively in the
business of power generation), most
indicated that they were increasing
their focus on jurisdictions outside of
Alberta because of recent changes

to their market outlook. Revenue
certainty in other jurisdictions was
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listed as the primary driver behind this
desire to invest elsewhere. Some of
these participants indicated that they
were exploring investment opportuni-
ties outside Alberta for the first time
in 2023.

66 Albertahas alwaysbeen a
priority market for us. But
for the first time in 2023, we
started to evaluate other juris-
dictions that had become rela-
tively more attractive.

One developer expressed the view that
attractive opportunities for renewable
power development existed across
Canada, including in Alberta.

A few participants—all of whom are
developers of small, dispatchable
generation—indicated that Alberta
remained the most attractive jurisdic-
tion for their projects. Alberta’s dereg-
ulated market was viewed favourably
by these participants, who view the
deregulated market as a key driver for
investment from smaller firms.

66 From an investment perspec-
tive, no, our outlook hasn’t
changed. It’s a good place to do
business.

Developers of renewable energy indi-
cated that Saskatchewan, Ontario,
Quebec, Nova Scotia, and New
Brunswick were becoming attrac-
tive destinations for investment that
would compete with Alberta to attract
investment from renewable energy
companies. Participants indicated
that Alberta was previously the most
preferable—or only—jurisdiction for
developers, but recent procurements
for non-emitting power in other juris-
dictions would prevent Alberta from
being the “most investible market in
Canada” going forward. Participants
indicated this effect would be exacer-
bated by the fact that Alberta became
arelatively less attractive destina-
tion for renewable energy investment
when it implemented a pause on proj-
ect approvals.




Several of the globally diversified
companies indicated that the power
industry was becoming increas-

ingly global with jurisdictions across
the world competing to attract
investment. Participants listed cost
certainty, regulatory certainty, as well
as favourable investment and produc-
tion incentives as key drivers pulling
investment outside of Alberta. Partic-
ipants also expressed concerns over
recent policy uncertainty in Alberta
that made it relatively less attractive
when compared with other jurisdic-
tions. A small subset of the generator
group indicated that other jurisdic-
tions, particularly the United States,
are focused on incenting investment
in new generation, but Canada is more
focused on punitive measures.

INDIGENOUS MARKET PARTICI-
PANTS

Investibility today

Both participants expressed inter-
estin further investment in Alberta’s
power market, particularly in renew-
ables. Both expressed concern about
the uncertainty caused by the recent
pause on approvals for renewable
projects. One was concerned that the
pause on renewables would reduce
the number of opportunities for
Indigenous participation. The other
pointed out that the delay in approv-
ing projects made cash flow calcu-
lation more difficult and could cause
providers of capital to reconsider
investment in Alberta-based proj-
ects, with negative economic conse-
quences for Indigenous partners.

66 We're doing things like power
forecasting out and now having
to relook at power forecasting
out because of [the pause on
approving renewable energy
projects] which is actually
delaying projects that are
already in process.

So,Ithinkitis very uncertain
right now and I can tell you that
that capital source we talk to
does not like uncertainty...

When I translate that back

to Indigenous communities,
increased risk comes with an
increased [interest] rate. When
they’re financing at that rate it
comes to decreased cash flows
to the communities.

Regional comparison

Unlike some of the other partici-
pants, the jurisdictions of interest to
the Indigenous groups were limited
to within Canada. Both participants
pointed to a disparity of existing
structures for incorporating Indige-
nous participation across and within
Canada. British Columbia was iden-
tified as having a good model for
constructive engagement.

Shifting market outlook

Both participants indicated that their
market outlook had deteriorated in
recent years. The quality of engage-
ment with the provincial government
had shifted with a change in leader-
ship and the resulting shift in priori-
ties. Both mentioned being frustrated
with the pause on renewables and with
the effect of the conflicting federal
and provincial goals on the outlook
for investment. One also mentioned a
deteriorating level of co-operation on
issues such as abandoned wells and
high power prices in the province.

SUMMARY

Uncertainty surrounding the outlook
for renewable energy development,
the perception of competing policy
objectives between government
bodies and concern about the ability
to earn returns on legacy investments
were all identified as sources of risk
to future investment decisions. All
respondents were agreed that the
power market in Alberta had at one
time been an attractive place to oper-
ate. Positive features identified across
the participant groups included the
underlying economic growth in the
province, link to the energy industry
and the participation of the private
sector. However, that same link

to energy prices and lack of a
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government-sponsored counterparty
were also seen as sources of volatil-
ity and uncertainty that increased the
risk to investors in the market.

There was also a general consensus
that the Alberta power market today
was less attractive than it had been
historically. The implications of this
increase in perceived market risk are
considerable. In some cases, the risk
is seen as adding to the cost of capi-
tal of investing in projects in Alberta,
making it more expensive to build in
Alberta compared with other prov-
inces or with jurisdictions outside
Canada. In other cases, participants
are increasingly looking outside
Alberta for investment opportunities,
some for the first time.

SPECIFIC FEATURES OF THE
POWER MARKET

Capital market participants were
asked to offer unprompted comments
on specific elements of the Alberta
power market. Not every participant
provided an opinion on every topic,
but the quality and conviction of the
responses was high.

REVENUE CERTAINTY
Investors

Investors agreed that revenue
certainty was important. Nearly all

of the participants who offered an
opinion said that the market did not
offer a satisfactory level of revenue
certainty. Several cited higher risk to
production volumes in Alberta due to
the nature of merchant contracts. A
few said their investment horizon was
limited by the term of contractually
supported cash flow, which was five
to seven years, and that they would
not invest in projects beyond the term
of the contract. Others cited the vola-
tility of the power price in Alberta as
being negative for revenue certainty.

66 You do the best you can, appre-
ciating that there’s uncertainty
on both supply and demand.
Even when you get that right,
big numbers of megawatt




hours consumed in the year,
that doesn’t tell you everything
about prices because prices go
up and down an hour by hour.
Different hours that have very
different prices.

Industry analysts

This group also considered revenue
certainty to be animportant element
for investment. Many respondents
mentioned that revenue certainty was
low and attributed that low certainty to:

» The merchant power market
» Volatility of power prices

» The expectation that power prices
will decline in the near term

» The influence of the Clean Electric-
ity Regulations on corporate PPAs

A small subset of the participant group
said that revenue certainty is unlikely
to improve as companies will need new
production to meet Scope 2 emissions
guidelines despite the fact that most
revenue generation is from existing
assets. Others said that market funda-
mentals are reasonable for a merchant
market. Anticipating the next question,
participants pointed out that investors
required a higher return for the lower
visibility on revenues.

66 1 think it’s always been that
view that if you’re making a
good part of your return from
the merchant market, you need
to earn a higher return.

INVESTMENT HURDLE RATES
Investors

A definition of “hurdle rate” is avail-
able in the Glossary on page 23 of
this report. Most participants said
that they required higher spreads
to compensate for higher perceived
risk of merchant power contracts

in Alberta compared with utilities

in other jurisdictions. A few also
mentioned that renewable proj-
ects, being of smaller size than large,
baseload projects, would be funded
with smaller and less liquid instru-
ments. Investors would have addi-
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tional requirement for higher spreads
to compensate for lower liquidity of
smaller issues. A few also mentioned
that spreads would change with the
economic cycle and offer opportuni-
ties to add value through trading.

Industry analysts

All respondents who answered this
question said hurdle rates need to be
high. The most common factors that
require hurdle rates to be high include
(sorted by frequency of mention):

» Merchant market exposure
» Rising interest rates

» Policy uncertainty

A small subset of the respondents
recommended that investors avoid
making any investments until the new
market rules are available.

AVAILABILITY OF PROJECT
FINANCING

Investors

There was no clear consensus among
investors on this issue. A few felt that
it would be difficult to obtain financ-
ing for generation projects. An equal
proportion mentioned that there
would be no trouble in sourcing capi-
tal at the right price. A small subset of
the participants characterized avail-
ability as “middle of the pack.”

Industry analysts

The industry analysts were more
constructive on the topic of the avail-
ability of project financing with the
consensus that capital was available
at the right terms and price, even if
that price was high. A few respon-
dents said that access to capital is
still favourable at the right price, an
equal proportion said that capital is
available for quality developers with
good track records and contracted
projects, despite the increase in inter-
est rates, and some respondents went
on to say that there is an increas-

ing acceptance of a certain level of
market risk, but other investors are
more conservative and participate
less. A small subset of respondents
said financing is there but accessing it
is challenging.
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66 So, there is a set group of lend-
ers that have gotten their heads
around [merchant power risKk].
And there’s others that don’t
and are more conservative
and not willing to deal with
any merchant risk at all. And
participate far lessin [Alberta’s
power| market.

POLICY FRAMEWORK GOVERNING
POWERIN ALBERTA

Investors

A maijority of participants raised
concerns about the current state of
uncertainty in the policy framework
governing power in Alberta. The policy
framework is seen as detrimental to
the investment climate in the province
as investors may move to the sidelines
or invest elsewhere until policy clar-
ity is available. Most investors raised
concerns about the policy of priori-
tizing investment in renewable power
generation. Concerns included:

» Increasing power price volatility
from greater reliance on renew-
ables

» Renewable tax credits incentiviz-
ing uneconomic projects

» Overbuilding capacity leading to
lower returns in the market

» Risk of grid instability from
increasing reliance on non-
dispatchable assets

66 This is a constitutional battle
between the province and the
federal government. It’s not
clear how it gets resolved.... And
the power generation compa-
nies are caughtin the crossfire.
And they’re being demanded by
the federal government to retire
assets that are still serviceable
and still needed for grid stability.

Several investors pointed out that
Alberta’s policy framework has been
unpredictable in the past because of
multiple reviews. A few participants
also suggested that the existing frame-
work benefits incumbent operators by




discouraging new investment. An equal
number of participants characterized
the existing policy framework favour-
ably as a true market in contrast to the
oligopoly or monopoly framework in
other provinces. A small subset of the
participants raised the issue of abroga-
tion of contracts in a past review and
expressed concern that something
similar could happen again.

Industry analysts

All participants agreed that the
current uncertainty was making
investment decisions harder than

in the past. Like the investor partic-
ipants, the analysts were quick to
recall past regulatory and policy
reviews and the impact of changing
political regimes on the expectation
of investment returns.

66 1 don’t mind if different govern-
ments come in and have differ-
ent views of how to subsidize
the next megawatt. But if you
start making policies that hurt
my existing assets, before I
have the chance to actually
recover return on and of the
capital, that’s difficult.

Respondents expressed frustra-

tion about the way changes have
been communicated, including the
announcement of the potential for

a Crown corporation, adding to the
already uncertain investment climate.
A few respondents were critical of the
province and accused them of political
posturing, citing the need for a unified
front among Federal and Provincial
governments. A smaller proportion
said they understood the need for
market redesign and that a Crown
corporation might be appropriate.

BARRIERS TO ENTRY FOR SMALLER
COMPANIES

Investors

All participants who provided a
response agreed on the existence of
barriers to entry for smaller compa-
nies. Some suggested this was

due to the market dominance of a
small number of large companies

in the province. An equal propor-

tion suggested that smaller compa-
nies lacked the financial and human
resources necessary to raise capital,
negotiate contracts and participate in
a competitive bidding process.

Industry analysts

A strong majority of participants
agreed that barriers to entry are signif-
icant for smaller companies. Half of
these participants also indicated that
this held true in other markets as well.
Examples of barriers were access

to capital, and bargaining power

in securing contract agreements.
Several participants suggested that a
successful business model for smaller
players would be to bring a project to a
late stage of development and sell it to
alarger company. A smaller number of
participants took a different view and
said that small companies can easily
enter the market and that barriers to
entry for renewables are minimal.

Indigenous market participants

Both participants agreed that barri-
ers to participation in power proj-
ects exist for Indigenous groups. One
such barrier was the occupied market
share of existing power generators
such as Capital Power and TransAlta,
including the pending acquisition of
Heartland (which makes it even harder
for smaller groups to break into the
market). Another barrier was the lack
of standardized structure for incorpo-
rating the participation of Indigenous
market participants. The participants
encouraged the development of stan-
dards across government bodies that
would remove the barriers to Indige-
nous participation. Suggestions for
standards included:

» Formal recognition of the value of
Indigenous contributions

» A common definition of Indige-
nous across federal and provincial
governments

» Incentives to project developers
to incorporate Indigenous contri-
butions
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» A financing structure to facilitate
economic participation

» Compliance verification of fulfill-
ment of commitments

SUMMARY

Participants had very little convic-
tion of how to incorporate their
concerns about the current state

of policy uncertainty into an invest-
ment calculation. In their comments
about specific features of the Alberta
power market, capital markets partic-
ipants were aligned on the impor-
tance of revenue certainty. They were
able to identify several variables that
contribute to the revenue certainty

of a project and how those variables
could be incorporated in an invest-
ment valuation. Similarly, with hurdle
rates and access to project financing,
participants differed in their apprais-
als of the challenges created by rising
hurdle rates and availability of project
financing, but they were able to articu-
late ways to incorporate these chal-
lenges in a valuation exercise. This was
not the case with the policy framework
governing investment in the province.
While respecting the intention of a
market based on private sector invest-
ment, participants were mindful of the
negative economic consequences for
historical investments of policy shifts
in the past.

MARKET DESIGN

All participants were asked to provide
comments on the effectiveness

and adequacy of Alberta’s exist-

ing market regime, the energy-only
model. Participants were also asked
to comment on the effectiveness of
introducing elements of a capacity
market or integrated system planning
as means to achieve concurrent goals
of emissions reduction, affordabil-

ity, and reliability. Participants were
also asked to identify their preferred
market design to incent investment in
the province. Some participants also
used this opportunity to comment on
the potential introduction of a provin-
cial Crown corporation.




ENERGY-ONLY MARKET
Investors

All participants expressed a preference
for cash flow certainty and regulatory
stability but there was a great deal of
concern about how implementation of
any market design changes could have
negative consequences for confidence
in the market. The negative impact

of past policy changes on market
economics was a recurring theme.

66 You know, the [province] was
going to add a capacity market;
the government canceled that,
and now we’re back into some
kind of uncertainty.

Most investors suggested that invest-
ible contracts could be structured
within the energy-only market.

Further, most of these investors also
expressed concern that changes in
market design had been harmful to
operators in the past and that the
mismatch between contract terms
and election cycles created added risk
to investors.

66 You always are going to have
trouble when you've got an
AESO that needs to make
20/30-year recommendation
on how the power market’s
going to work in a government
who is thinking about getting
elected in the next five years.

Several investors suggested that

only a PPA or contract for differences
would be acceptable investment
options in an energy-only market.
However, an equal number of investors
believed that the energy-only market
already offered appropriate price
signals for investment decision-mak-
ing. A few investors expressed caution
about increasing reliance on renewable
energy in an energy-only market due
to the price volatility that comes with a
heavy concentration of non-dispatch-
able power, and the economic distor-
tions caused by renewable energy
credits. The remaining respondents
said the issue required more study.
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Industry analysts

When asked what the current level of
support is for the energy-only market,
participants said support for the ener-
gy-only market was high but there
was disagreement over what modifi-
cations could be implemented with-
out negative consequences. There
was support for the price signalling
benefits of an energy-only market to
investors, and resistance to changing
a model now that market participants
know how to work withinit. A few
suggested that investors would resist
adding elements of a capacity market
due to the risk of overcapacity.

A few participants were less support-
ive of the energy-only market,
suggesting the market was currently
not suitable for attracting invest-
ment. A small subset of the partic-
ipant group suggested that the
energy-only market is becoming a
“monopoly-light” that keeps prices
artificially high. The pending acquisi-
tion of Heartland Generation by
TransAlta Corporation was offered
as an example.

66 There’s high expectation that
there is going to be some market
redesign. In Alberta, the reason
for that is that the energy-only
market was putintimeina
place where other factors didn’t
matter. Emissions were not part
of the consideration, location,
time of use, those sorts of things
were not a consideration.

Power generators

At a high level, there was a general
agreement amongst the participants
that the existing market framework is
set up to deliver on concurrent goals
of emissions reduction and affordabil-
ity. However, most participants agreed
that minor interventions to support
system reliability could be warranted,
which includes support from partici-
pants in each of the three technology
groupings (renewables-only, thermal-
only, and diversified).
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66 We need an energy-only market
that has the provision for ancil-
lary services to be provided.

Despite the many and diverse
comments from participants on the
various shortcomings of the energy-
only model, it remained the most
supported model to incent invest-
ment, with near unanimous support.
The energy-only model was the most
preferred option for nearly all of the
participants.

66 I believe the energy-only model
can work. I think high prices
are bringing in new partici-
pants to the market and that
will bring prices down. So, I
think it’s working as it should.

The remaining participant, who is also
an industrial consumer of electric-
ity, expressed support for integrated
system planning. This participant
suggested that this model would
result in less volatility in the power
price, thereby facilitating improved
decision-making regarding the siting
of generation and transmission to
minimize total delivered cost.

CAPACITY MARKET
Investors

Investors were supportive of cash
flow certainty and policy stability but
did not necessarily see a capacity
market as the means to achieve this
outcome. Several investors expressed
indifference between energy-only and
capacity market and were comfort-
able with the possibility that invest-
ible contracts could be created

in either market design. An equal
number of investors were concerned
about the risk of overbuilding in a
capacity market, particularly when
compounded with the mislead-

ing economic effects of Renewable
Energy Credits. The potential combi-
nation of a capacity market with
Renewable Energy Credits would not
provide appropriate price signals for
investment decision making.




66 Make sure it’s not done in a way
that opens a floodgate of subsi-
dized capital that disadvantages
the incumbent players who have
earned very low returns on the
capital they have invested in the
market.

Industry analysts

The analysts were asked for their view
of investor support for a capacity
market rather than their own opin-
ions. Most respondents said support
was not high which aligns with the
feedback from investor participants.
There was concern about how such

a change would be implemented and
skepticism that a capacity market
could meaningfully change the
risk-reward characteristics of the
market in comparison with the exist-
ing market design. A small subset of
the participant group suggested that
a change to a capacity market would
cause investor sentiment to improve.

66 Let the market function as is
and don’tinterfere with the
structure because once you set
the rules of engagement, you
should just let the firms invest
based on what they know of
the rule of engagement. But
continue to change the dynamic
of market -- it’s just not fair for
companies that are potentially
putting billions of dollars
to work.

Power generators

Nearly all participants in this group
did not view introducing elements of a
capacity market or integrated system
planning favourably. Participants

who were opposed to introducing
elements of a capacity market or inte-
grated system planning argued that
substantial market design changes
cannot be completed quickly enough
to address the challenges that propo-
nents suggest it could solve, such as
ensuring affordability.

Several participants indicated that
they expect new capacity additions of

renewable and thermal generation in
2024 and 2025 to drive down prices,
which demonstrates the “healthy
functioning of Alberta’s power
market,” where the high prices of
recent years have signalled investors
to invest in new generation.

66 Capacity markets are highly
complicated. We just don’t feel
that path is worthwhile for the
invested time.

INTEGRATED SYSTEM PLANNING
Investors

This model was not very well under-
stood by investors and most declined
to offer an opinion. All investors that
contributed answers believed that
some amount of system planning is
necessary in a market where assets
are aging and being replaced. Some
of these participants also suggested
that a model similar to that of Ontario
would be beneficial.

Industry analysts

Support from industry analysts was
mixed for a market design with a
greater role for integrated system
planning. Most were unclear about
how such a system would be imple-
mented. Most participants were not
supportive of the integrated plan-
ning option for the disruption in price
signalling, although a few suggested
that this type of structure might be
appropriate to solve specific prob-
lems such as building assets to
support grid stability or sunsetting
legacy assets. A few participants
cited Ontario as an example of an
ineffective pricing system.

SUGGESTED POLICY CHANGES IN
SUPPORT OF A MORE CONSTRUC-
TIVEINVESTMENT ENVIRONMENT
Investors

There was no clear consensus

among the investment community on
suggested policy changes to promote
investment in Alberta’s power market.
A few investors suggested the regu-
lator should provide clearer guidance
and transparency about the path
forward. A smaller number of inves-
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tors was concerned about the nega-
tive impacts of too much investment
in renewable power. A few investors
also suggested the best course for
regulators would be to avoid creat-
ing any further uncertainty as current
and past regulatory changes have
hurt investors. Other participants
were of the view that there should be
increased investment in renewable
power or said there was nothing that
policymakers could do to improve
investor confidence.

Industry analysts

Similarly, there was little consensus
on policy changes among industry
analysts. Some respondents said
less government intervention, but

a subset of this group added that if
interference was limited to support
for grid reliability, then that would be
encouraged. Several respondents
advised against any measures that
added to market uncertainty includ-
ing intervention in the energy-only
market or reduced visibility on carbon
prices. A few respondents recom-
mended measures to add predictabil-
ity, including carbon price commit-
ments. A small subset of the analyst
community recommended incen-
tives/tax credits for specific types

of investments such as batteries or
nuclear. Another small subset said
they were unsure because the market
seemed to be working prior to the
review but recognized that market
needs are changing and it’s good the
government is consulting because
“we can’t just experiment.”

66 SoIthink I'll start with saying
that if you don’t need to inter-
vene, that itself is good policy...

Power generators

A maijority of the participants who
indicated the energy-only model was
their most preferred model to incent
investment also indicated that they
would support the introduction of
new market products for reliabil-

ity services. They acknowledged
that the energy-only model does not
currently provide meaningful incen-




tives for investors to support system
reliability. Participants urged that
these services should be procured
competitively to maintain the funda-
mental principle of competition within
Alberta’s power market.

66 In the energy-only market, we
assume that all the services
that aren’t energy will magi-
cally appear with the energy
megawatt hours, but thatisn’t
the case. We need to pay for
those services.

Several of these also respondents
indicated that a functioning energy
storage tariff could also provide a
means to ensuring reliability within
the existing energy-only construct. A
small subset of the generator group
suggested that market reforms to
support reliability might make sense
once the draft federal Clean Electric-
ity Regulations have been finalized,
but to make market reforms before
the final form of the regulations is
known would not make sense.

A few participants indicated that

new measures to strengthen offer
control limits would support a more
competitive marketplace that mini-
mizes aggressive offer behaviour from
Alberta’s largest power companies.

66 Albertaisn’tacompetitive
marketplace, it’s an oligopoly.

APPROPRIATE CONDITIONS FOR
LARGE-SCALE DISPATCHABLE
FACILITIES

Investors

When asked what conditions would
provide appropriate incentives for
large-scale dispatchable facilities,
investors were unanimous in the
requirement for cash flow certainty in
some form. Suggestions included:

Demand guarantees

Capacity payments

>
>
» Fixed prices
» Long-term contracts
>

Debt service reserve

» Risk mitigation at the construction
phase

Industry analysts

The industry analysts provided
similar responses to the investors
on this issue with emphasis on the
requirement that predictability of
return on investment should survive
any changes in government. A few
analysts made specific reference to
the historical treatment of coal-fired
generation.

66 I want to know thatIcanrun
my unit for 15, 20 years to make
areturn of and all my capital. If
there was a concern about the
useful life or how long that unit
can be in the market, then that
would be a big deterrent.

Recommendations included:

» Long-term/life-of asset contracts
» Government/regulatory support

» Clarity on carbon pricing

POWER PURCHASE AGREE-

MENTS WITHIN THE ENERGY-ONLY
MARKET

Most participants did not have strong
opinions on the topic and those that
did, indicated that agreements of this
type should be reviewed on a case-
by-case basis. One offered that there
may be cases where such power
purchase agreements would be bene-
ficial but cautioned that they were

a “blunt instrument” that could do
more harm than good in the market

if improperly implemented. Another
respondent was also cautious on
implementation and mentioned vari-
ables such as inflation protection for
added certainty.

Discussion of a provincial Crown
corporation

A strong majority of participants who
were asked to provide comments on
the impact of introducing a provincial
Crown corporation to purchase, build,
and operate natural gas assets said
such a move would have negative
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consequences for existing investors
in the marketplace and disincentivize
future investment.

66 A provincial Crown corporation
would be entirely destructive to
investment in Alberta.

A small subset of the participant
group viewed the prospect of intro-
ducing a provincial Crown corporation
positively, suggesting that current
circumstances warrant intervention
from the government.

SUMMARY

Participants from all groups were
broadly supportive of the energy-only
market. They view energy-only as a
fair and theoretically attractive feature
of the Alberta market which should
support competition and provide
incentives for new construction. Ener-
gy-only was identified, particularly by
power generators, as the preferred
model for achieving the objectives of
affordability and emissions reduction
in the market. Participants recog-
nized that the concurrent objective

of reliability would require special
arrangements but were generally
confident that those arrangements
could be achieved through compet-
itive procurements for reliability
services within the energy-only model.
Similarly, members of the invest-

ment community believed that their
concerns about revenue certainty
could be addressed within the current
market design.

Participants were generally unwilling
to recommend structural changesin
market design. This was particularly
evident among power generators but
also true of capital market participants.
The responses of all groups made it
clear they would prefer to work within
the existing market structure both
because they considered it to be supe-
rior to other structures and because
they had no appetite for the disruption
that would result from a new market
structure and the long-term risks to
the market from a poorly designed or
poorly implemented change.




POLICY ISSUES FOR CAPITAL
MARKETS PARTICIPANTS

Capital markets participants were
asked for unprompted opinions on
specific policy elements to gauge
whether these items had meaning-
ful impacts on the investibility of the
market.

OUT-OF-MARKET AGREEMENTS
FOR RENEWABLES

Investors

This issue was not well understood
and most declined to comment.

The few investors who did provide
comments were not in favour due

to the economic distortions to the
market created by renewable energy
credits.

Industry analysts

When asked about out-of-market
agreements or credits for renewables,
only a few participants provided a
response. Most respondents said
out-of-market agreements are not
necessary today because the market
provides sufficient incentives for
investment. They suggested excep-
tions were possible to incent partic-
ular types of essential assets such

as energy storage that might not be
constructed by relying on market
conditions alone. The remaining
subset of the participant group said
that these agreements are construc-
tive as the right mix of policies and
subsidies offer support for invest-
ment in the province.

UNCERTAINTY OF THE FEDERAL
APPROACH TO GAS-FIRED
GENERATION

Investors

A strong majority believed that the
uncertainty was having a negative
effect on the power market. A smaller
number believed that the focus

away from gas-fired generation was
misguided and would leave the power
market in deficit. Others suggested
that the change from 2050 to 2035
had negative consequences for the
economic life of assets in the market
and that such decisions should be left
to the province. The remaining partic-

ipants said the topic could not be
considered in isolation.

66 The federal government wants
Alberta to add renewable
resources which are non-dis-
patchable and don’t have any
grid support characteristics like
voltage and frequency support
and stability, synchronicities,
spinning reserve. All these
ancillary services that are criti-
cal to maintaining grid stability,
renewables just don’t offer that.

Industry analysts

Many analysts pointed out that the
Clean Electricity Regulations (CER)
were not yet final and subject to
change with the upcoming election
cycle. Several respondents said the
uncertainty is impacting investment,
with some respondents saying that
investors do not understand it and
investment is sitting on the side-
lines until the details are final. Fewer
respondents said that CER can work
with some modifications. A small
subset of the analyst group indi-
cated that they hope the CER can be
relaxed. Another subset suggested
that the CER present affordability
concerns and that any shift to a lower
carbon future should be done with a
consideration of affordability.

Some analysts indicated they would
require evidence of available returns
on zero-emissions and carbon capture
projects before making an investment
decision. Further, they suggested that
the time required for a first-of-a-kind
project to gain regulatory approval,
secure investment, complete construc-
tion, and measure investment returns
before new projects are sanctioned will
make it unrealistic to achieve a target
decarbonization date of 2035.

66 Generally, we see two to three
years of planning, permitting,
circling, financing, and then
three years of actually build-
ing. Round-trip, we'’re talking
six years to build facilities. If
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you’re building facilities that
are first of akind or novel in any
way, instead of building them in
parallel, you’ll want to see how
one of them works.

UNCERTAINTY OF THE PROVINCIAL
APPROACH TO RENEWABLE
GENERATION

Investors

Investors were divided on this issue
with the only consensus around the
assertion that the markets were
surprised with the manner in which
the pause was implemented.

66 this kind of, kind of pause in
renewables really came atas a
surprise. It wasn’t something
I was expecting now..markets
hate uncertainty.

Several investors believe that the
pause on renewable energy devel-
opment was appropriate. However,
an equal proportion believed that
Alberta needs to increase invest-
ment in renewables. A small subset of
the investor group is concerned that
the unexpected pause on renewable
development adds to investor
uncertainty.

Industry analysts

All of the analysts agreed that the
uncertainty that resulted from the
provincial pause on approvals for
renewable energy projects was nega-
tive for the investment climate, there
was no consensus on whether it was
prudent or what would be achieved
by it. A few respondents said that
the motivations by the province were
unclear, and they are waiting to see
the outcome of the Inquiry. However,
an equal number of analysts see the
pause as important for grid reliabil-
ity to put a framework around renew-
ables and think about the asset
impact on the grid. A subset of this
group also suggested that the pause
could have been implemented in a less
abrupt manner. A small subset of the
analyst group said that the provincial
approach seems ideological and




inconsistent with its approach to oil
and gas development.

66 you could have more certainty
that you would have project
success a few years ago, because
there’s fewer projects that you
were competing with. Now, in
totality, there’s 43 gigawatts
looking to be interconnected to
the grid. So, your prospects of

being successful are much lower.

PERCEPTION OF DIFFERENT
APPROACHES BETWEEN FEDERAL
AND PROVINCIAL AUTHORITIES
Investors

All investors agreed that the uncer-
tainty created by the conflicting
approaches was a problem for all
stakeholders. Sources of uncertainty
cited by investors included:

» Mismatch of long-term investment
horizons with short-term political
cycles

» Concern about what actions one
group might take to push back
against another

» A shortage of necessary invest-
ments pending clarification of
jurisdictional authority

Although there was agreement about
the negative effects of conflict-

ing policy objectives, there was

less agreement about where deci-
sion-making authority should reside.
Many investors believed that jurisdic-
tional authority should reside with the
province. Fewer investors believed
that the federal approach was the
correct one. The remaining inves-
tors believed that the federal govern-
ment was within its authority to make
national decarbonization commit-
ments, but the implementation should
be left to the provinces.

Industry analysts

Again, there was agreement from all
participants that this discrepancy
was having a negative impact on the
investibility of the market.
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66 But it does create a disrup-
tion in the eyes of investors.
Someone’s deciding here what
stock they want to buy, which
company comes to market to
raise equity, fund a growth
ambition. If there is something
that just seems more compli-
cated thanitneedstobe,ora
seed of doubt that keeps coming
back up, that does a disservice
to those companies.

There was less agreement on how
to resolve this discrepancy. Many
analysts questioned the economic
justification for the behaviour of the
province. However, several partici-
pants said that the federal program
does not take provincial differences
into account and went on to say that
the federal government does not
recognize the uniqueness of power
and resources available for power by
each province.

SUMMARY

Participants had a range of views

on the policy initiatives of the differ-
ent government bodies. There was

no consensus on which approach

was valid or which body should have
jurisdiction. There was agreement,
however, that the reality of differing
approaches added uncertainty to the
investibility of the provincial power
market. The overwhelming response
to uncertainty was delay. Investors
were willing to delay investment deci-
sions pending regulatory clarity. Given
the many years’ lead time required for
approval and construction of power
projects, the prospect of delays could
have implications for the achievement
of all three objectives of reliability,
affordability, and emissions reduction.

INVESTMENT CONSIDERATIONS
FOR POWER GENERATORS

Power generator participants were
prompted to comment on any other
policy, regulatory, or market consid-
erations that have or might influ-
ence their outlook for investing in the
Alberta power market.
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At a high level, participants within
both power-only and load groups
shared the sentiment that many of
the various policy proposals aimed at
achieving concurrent goals of emis-
sions reduction, affordability, and reli-
ability could be tenable if they were
perceived to be durable over time.
However, participants were clear that,
despite their concerns with certain
aspects of the transmission regula-
tions, permitting, carbon pricing, the
Clean Electricity Regulations, or any
other federal or provincial legisla-
tion, it was the inability to predictably
model future policy environments
that presented the most consider-
able impediment to investment. The
perceived complexity of the regu-
latory and market dynamics in the
Alberta power market presented a
more significant barrier to investment
than the content of any individual

policy.

66 1 think the uncertainty that’s
going on right now has made
everybody take a step back to
say, hey, hold on a second, if I've
got other options, I'm going to
go pursue those.

Acknowledging the above, the partici-
pants in the study did provide specific
comments on several policy, regula-
tory, or market considerations that
influenced their outlook for invest-
ing in the Alberta power market. To
categorize the responses, the partic-
ipant groups have been separated
into two groups: participants that are
exclusively in the business of elec-
tricity generation (8 participants) and
participants that are also industrial
consumers of electricity (5 partic-
ipants) in recognition of the fact

that the policy interests would differ
between the two groups.

Power-only (9 participants)

Participants in this group provided
comments on the following consider-
ations:

» Carbon pricing
Regarding carbon pricing,




perspectives varied widely. A few
developers of dispatchable gas
generation indicated that carbon
pricing negatively impacted their
outlook for investing in Alberta. By
contrast, developers of renewable
generation indicated that carbon
pricing had a positive impact on
their market outlook.

66 [the carbon price] will effect

change and drive people to do
things differently. It already is.

Several other participants indi-
cated that current carbon pricing
made them more likely to invest

in renewable generation and less
likely to invest in thermal genera-
tion. The remaining participants
said that the impact of the carbon
price was neutral.

Draft Clean Electricity
Regulations

Participants were generally aligned
that the draft Clean Electricity
Regulations (CER) were a disincen-
tive to investment. Most partici-
pants indicated that they would

be less likely to invest in thermal
generation until the CER are final-
ized. A subset of this group also
indicated that the CER increases
uncertainty across technol-

ogy types until it is finalized. The
remaining participants indicated
that the CER would not influence
their investment decisions or that
they were uncertain. Participants
generally agreed that the uncer-
tainty regarding the final form of
the draft regulations was a greater
concern than the regulations
themselves, which were viewed

as challenging, but tenable. Many
participants indicated that they
expected the final form of CER to
be more flexible than the current
draft regulations.

Provincial pause on approvals for
renewables

Regarding the pause on approvals
for renewables, participants were
divided. Several participants called
for an immediate cancellation of

the pause on project approvals.
They were concerned with the lack
of consultation in implementing
the pause and concerned that the
pause was a signal to investors
that investment in renewables was
not welcome. A smaller group of
participants expressed support
for the pause, suggesting the rapid
growth of renewables warranted a
pause. The remaining participants
did not comment.

Investment tax credits (ITCs)

Participants were divided in their
views on tax credits for both
renewables as well as carbon
capture and storage. Many compa-
nies expressed support for a

level playing field, with no invest-
ment tax credits for any form of
generation or carbon abatement.
However, several participants indi-
cated that ITCs were required to
attract capital to Alberta, particu-
larly in competition with the Infla-
tion Reduction Act in the United
States. One company was ineligi-
ble for investment tax credits and
did not comment.

Government de-risking for
dispatchable and baseload
generation

Most participants expressed
support for minimal or zero
government intervention in the
marketplace. Some of the partic-
ipants expressed support—those
participants were developers of
small-scale (<25MW), dispatchable
generation. A small subset of the
participant group suggested that
capital providers located in the
province such as ATB Financial and
the Alberta Investment Manage-
ment Corporation should become
more directly involved in providing
debt financing on favourable terms
to developers of baseload and
dispatchable generation.

Policy certainty

All participants agreed that policy
uncertainty presented a serious
impediment to their outlook for
investing in Alberta. Whilst perspec-
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tives varied greatly on the causes
of policy uncertainty, participants
identified the following factors as
contributing to policy uncertainty:

o Draft Clean Electricity
Regulations

e Long-term carbon prices, or the
existence of a carbon tax regime
itself

o Combative provincial approach
to federal environmental policy

o Discussion of potential market
design changes

e Pause on approvals for renew-
able energy generation projects

e Long or complex decision- and
rate-making processes at the
Alberta Utilities Commission

e Transmission regulations

66 As [generators] are trying to
decide whether or not to work in
Alberta, they don’t know what
they are going to be investing
into in the next several years
because policy is under ques-
tion and the market structure
itself is under question.

Load (5 participants)

Participants in this group provided
comments on the following consider-
ations:

» Cost of transmission

Participants in this group generally
agreed that the cost of transmis-
sion was their principal concern
with Alberta’s power market. Most
participants called for consid-
eration of transmission costs to
be more thoroughly integrated

in proposals for new generation.
These participants also called for
the introduction of cost causation
in provincial transmission regula-
tions, suggesting that generators
should be required to pay for at
least a portion of any new trans-
mission infrastructure. A subset of
these participants also called for
arequirement that new genera-
tion be built near Alberta’s existing
transmission infrastructure.




» Volatility

Participants expressed concerns
about the impact of volatile elec-
tricity prices on their operating
decisions. Several participants
indicated they were more likely
to invest in self-generation today
than in recent years to achieve
better cost certainty for power. A
subset of this participant group
indicated that the Alberta power
market would not continue to be
an attractive destination for load if
volatility was not addressed.

¢6 I can’t see how this continues to
work for industrial load.

» Emissions

Several participants indicated
they were more likely to invest

in self-generation today thanin
recent years to achieve corpo-
rate net-zero goals. The emissions
intensity of Alberta’s power supply
was listed as the key driver for this
change in outlook.

66 If we’re going to import elec-
tricity, that comes with a
carbon intensity. We can’t
credibly claim our products
are net-zero if we include those
emissions.

» Consultation on regulation and
market reforms

Nearly all participants indicated
that consultations by the AUC,
AESO, and the Government of
Alberta on potential market design
and policy changes need to be
more inclusive of the perspectives
of load. A few participants also
indicated that they felt they had
difficulties participating in consul-
tations and were overwhelmed

by the incumbent power gener-
ators who have greater finan-

cial resources as well as teams of
regulatory and legal staff working
to shift policy decisions in their
favour.
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Scarcity pricing and economic
withholding

None of the participants indi-

cated that it would be beneficial to
prevent companies from econom-
ically withholding at the risk of not
being dispatched. Participants who
responded to this question indicated
that scarcity pricing was a core tenet
of the energy-only model that provides
an incentive for risk-taking compa-
nies to invest in the power market. In
removing the ability to economically
withhold, participants suggested they
would lose the potential to generate a
return on capital and consequently the
incentive to invest in new generation.

66 Scarcity pricing is a funda-
mental tenet of the energy-only
market, you have to have itin
some form.

Barriers to entry for new entrants

All generator participants were
prompted to comment on any
perceived barriers to entry in Alber-
ta’s power market. Respondents were
divided on the existence of barriers
to entry, as well as on the potential
causes. Several participants indicated
that there were no barriers to entry in
Alberta’s deregulated power market.
Other identified barrier to entry for
new entrants included (ranked by
frequency of mention):

» The complexity of AUC application
processes

» Policy uncertainty

» End-of-life treatment for gas-fired
generation

» Lack of a functioning tariff for
energy storage

SUMMARY

An enduring and reliable policy envi-
ronment was seen as a more import-
ant contributor to effective market
function in the future than any other
single policy element. The two differ-
ent groups of market participants
diverged on the aspects of the market
that were most relevant to them. The
power-only generators were deeply
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concerned about policy certainty

and the impediments to investments
caused by federal Clean Electric-

ity Regulations still in draft form and
the provincial pause on approvals for
renewables. The load participants
were concerned about the cost of
transmission and the volatility of elec-
tricity prices. None of the participants
advocated for increased government
intervention as a means to resolve
these concerns.

INVESTMENT ANALYSIS AND
VALUATION

To assist in understanding the
perspectives of investors on the
investibility of the market, the investor
participants were asked to describe
the inputs to their investment deci-
sion-making processes. Participants
included providers of both debt and
equity capital. A description of both
types of capital investment is avail-
able in the Glossary on page 23.

For both debt and equity investors,
the investment process consists of an
assessment of the timing, quality and
reliability of cash flows associated
with an investment. As such, many

of the elements of the process were
common to all participants including:

» Analysis of the revenue opportunity

» Calculation of the capital and
operating costs associated with
producing that revenue

» Assessment of the risks to the
resulting cash flow calculation

» Comparison with similar compet-
ing investment opportunities

» Incorporating the analysisinto a
valuation model

INVESTORS

Within the analysis, several investors
identified specific inputs to the deci-
sion-making process:

» Almost all investors stated that
they considered environmen-
tal or environmental, social and
governance (“ESG”) factors when
making investment decisions.
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A few of these investors also
mentioned investment policies
that prohibited certain types of
investments in fossil fuels.

The majority of investors
mentioned looking at the policy and
regulatory environment as part of
the investment decision. This was
important for considerations of:

o Opportunity for revenue growth

e Allowed return on equity (“ROE”)
and equity thickness

e Risk of unfavourable changesin
regulation or legislation

o Potential for unprofitable opera-
tions or stranded assets

The majority of investors
mentioned the need for an appro-
priate mix of debt and equity in

the financial structure that would
properly reflect the risk to the cash
flows of an investment.

Most investors identified quality of
management as a consideration.

Most investors were limited to
minimum credit quality standards
as determined by a third party or
internal risk rating.

Most investors referred to adjust-
ments to their risk models for the
contractual nature of the cash
flows including:

o Whether the cash flows were
contracted at all

e Whether the contract incorpo-
rated inflation protection

o Whether the term of the
contract covered the term of
the investment

o Whether a contract was for
baseload or peaking capacity

e The form of the contract (Power
Purchase Agreement (“PPA”) or
merchant power)

o Quality of counterparty to the
contract

About half cited generating tech-
nology as a factor affecting such
considerations as estimated asset

life, capacity utilization, land lease
term or future land remediation
cost.

INDUSTRY ANALYSTS

The inputs to the valuation models
were similar for the industry analysts.

» The majority said that revenue
certainty as defined by the predict-
ability of cash flows was very
important for the evaluation of
investments. The most frequently
mentioned factors supporting
revenue certainty included:

e Cash flow visibility
o Duration of contract

e The form of the contract (PPA or
merchant power)

o Quality of counterparty to the
contract

e contractedness including
bargaining power and the
duration of PPAs

» A number of participants referred
to the incorporation of operating
costs and risks as defined by:

¢ Asset quality

o Asset efficiency

¢ Dispatch frequency
 Maintenance costs

e« Expected economic life of
an asset

» Participants raised the issue of
the quality and track record of
management.

» About half the participants
mentioned interest rates and the
cost of capital.

» A few referred to financial risk as
defined by the balance sheet and
cash flow coverage of principal and
interest payments.

» A few mentioned growth ratesin
demand for power in the market.

On the question of how these consid-
erations would be adjusted to assess
the value of an investment in renew-
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able energy, investors and analysts
had similar responses which are
aggregated below:

» Most participants mentioned an
increased consideration of the
physical properties of a project.

66 [With] wind, you do have more
of a definite life. The re-pow-
ering looks different than say
re-powering a hydro project.
So, as you're getting later in the
life of abond of a hydro project,
your asset coverage is a fair bit
higher than say for a wind proj-
ect where there might be aland
lease that’s not indefinite.

And your asset life is shorter
overall. that equity cushion is
shrinking as you're getting late
into a wind project where it’s
not really the case with hydro.

» Many noted that the credit qual-
ity of renewables was lower due
to shorter asset life, lower capac-
ity factor, less predictability of
non-dispatchable assets and higher
risk of non-economic operations.

» Many also mentioned the larger role
of government in the renewables
market compared to non-renewable
projects in the form of incentives
and subsidies. Some suggested
that renewables should receive a
higher valuation due to cash flow
support from government.

66 The valuation difference
between thermal and renew-
ables is that you would take a
different approach to how you
value post-20735 cash flows
from a non-renewable proj-
ect because you don’t know
whether or not that is going to
be running and most investors
will either place a very little
value... on it running beyond
2035 until there is certainty.




INVESTMENT JURISDICTION
Investors

As part of the Inquiry into the invest-
ment decision-making process,
participants were asked to identify
characteristics of investment jurisdic-
tions that they considered attractive.

The most commonly cited character-
istic of an attractive investment juris-
diction was policy stability, followed
by (in order of frequency of mention):

» Credible fossil fuel transition plans
» Availability of long-term contracts

» Contracts with investment-grade
counterparties

» Supportive regulatory frameworks
» Attractive allowed returns on
equity and equity thickness

Specific jurisdictions that were identi-
fied as attractive to investors were (in
order of frequency of mention):

British Columbia

Ontario

Florida

Parts of the United States
Quebec

Nova Scotia

Arizona

California

UK

Other European countries
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Australia

Some investors reported that they had
considered Alberta an attractive juris-
diction in the past but that this was

no longer the case. When asked about
recent capital deployments, several
investors cited recent participation in
a BC Hydro debt issue. BC Hydro was
offered as an example of an attractive
investment with long-lived baseload
hydro power generation assets and a
low-risk counterparty in the form of a
provincial Crown corporation.

Some mentioned participating in the
Capital Power issue following

their recent US acquisition. Others
invested in securities of Epcor, North-
land Power, and NextEra Energy.

Industry analysts

There was general consensus among
participants about the characteris-
tics of an attractive investment juris-
diction. The most commonly cited
characteristic was breadth of oppor-
tunity, followed by supportive regu-
latory/political environment, demand
growth, availability of long-term
contracts, and active fossil fuel tran-
sition plans. There was general agree-
ment that markets with uncertainty
were difficult to investin.

Specific jurisdictions that were identi-
fied as attractive included (in order of
frequency of mention):

Parts of the United States
Canada

Alberta

Ontario

Quebec

Florida

PJM

Europe
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Asia

Interestingly, the investor preference
for British Columbia as a jurisdiction
was not reflected in the answers given
by industry analysts.

66 I'd say the US market is almost
table stakes for most compa-
nies just because of the breadth
of the opportunity there. But
increasingly Canada, after
going through what was prob-
ably a dry spell for new growth
opportunity... We're now seeing
an upswing both on the needed
investments on the utility side...
and on the power demand side
from electrification trends, but
also some more energy inten-
sive industries that have been
sort of stronger in the last couple
of years.
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INVESTOR PERCEPTION

Industry analysts are in contact with
hundreds of investors on a regu-

lar basis. As part of their interviews,
analysts were asked to disclose what
were the most significant issues

for investors in connection with the
Alberta power market. The most
common response was that investors
were increasingly concerned about
policy uncertainty and the impact on
asset life. Several mentioned a shift
from a focus on growth to balance
sheet quality. Several mentioned
changes in the cost of capital and
return on capital. A few partici-
pants suggested that investors

were concerned about the effect of
new supply on power prices. Others
suggested that growth was the most
important consideration.

SUMMARY

Any risks to cash flows in the form

of uncertain operating profile, vola-
tile input costs, uncontracted cash
flows or excess financial leverage
would result in a reduction in valua-
tion through lower multiples or higher
discount rates. There was a good level
of consensus among members of the
investment community on the factors
that contributed to the attractiveness
of an investment. Predictability of
cash flows and long asset lives would
be rewarded with higher valuations.

66 ...and those that have policy
uncertainty as well - those are
difficult to invest in because
of those uncertainties and
we would require a higher
discount rate.

The main difference between the two
groups of market participants is that
investors, unlike industry analysts,
are often subject to the constraints
of an investment policy that incor-
porates external credit quality and
ESG parameters. Despite this differ-
ence, analysts did correctly identify
the issues of primary concern to the
investor population.
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» Markets that move away from
renewables, for whatever reason,

Investors and analysts were all able to
identify jurisdictions in which attractive

Industry analyst comments

» Thereis a need for a more unified

investment opportunities were avail-
able. Investors pointed to more oppor-
tunities within Canada whilst analysts
were likely to identify jurisdictions both

inside and outside Canada as desirable.

SUPPLEMENTARY COMMENTS

Participants were offered the
opportunity to provide additional
comments. This was an open-ended
question to allow participants to
contribute content outside the
framework of the interview. These
comments are summarized below.

Investor comments

» They could be a much more
meaningful investor in Alberta if
they could consider it on par with
other jurisdictions such as British
Columbia.

» Alberta has been thoughtful
about managing its environmen-
tal impacts and is encouraged to
continue.

» Policymakers must be mindful that
investors have not earned returns
in the last five to ten years that
allowed them to recover the costs
of invested assets in the market.

message between industry and
government at the provincial level.

There should be more emphasis on
storage procurement if the market
is to switch to non-dispatchable
intermittent power.

They hope that not much meaning-
fully changes.

Certainty is important for invest-
ment and that the discrepancy in
priorities between governments
makes it hard to invest.

Power generator comments

» The AUC was understaffed and

required more resources to
process applications expediently.

The AUC must provide its honest
advice to the government, rather
than tell the government what it
wants to hear.

There should be a requirement for
storage quotas for renewable proj-
ects, in line with the requirements
for other infrastructure businesses
in the province.

The province needs to investin
intertie capacity to maintain reli-
ability.

have challenges attracting invest-
ment back to the region for several
years.

The industry needs to see the
various inquiries and ambiguities
facing Alberta’s power market
resolved as quickly as possible,
and to have the results communi-
cated back to industry as quickly
as possible.

It isimportant for the people of
Alberta to understand that wind
and solar power can reduce the
cost of electricity in the province
and offers as evidence the govern-
ment-backed contracts that
secured the Renewable Electricity
Program.

Indigenous market participants

66 Where do you identify opportu-

nities for meaningful dialogue
and actual partnership on
these issues? Itis really import-
ant to create space for us to be
involved with government and
with regulators because with
these issues, if they are done
well, they can have along-term
benefit for our communities.
Let’s work together.”




Conclusions
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Perspectives on the outlook for Alberta’s power market are varied and

changing rapidly.

Participants in this survey represent
a diverse set of stakeholders in the
market including providers of debt
and equity capital, industry advisors,
Indigenous market participants, and
a subset of current and prospective
generators of renewable and non-re-
newable electricity. Most participants
agree that their outlook has changed
substantially in recent years. Policy
uncertainty is the primary driver of
this shift in outlook.

For capital market participants, the
perceived risk to returns on invested
capital has led to market participants
either withdrawing from the market
or requiring significantly higher
returns before committing capital

to the market, increasing the cost

of invested capital in the province
compared with other jurisdictions.
Similarly, policy uncertainty is leading
several generators, particularly devel-
opers of thermal generation, to now
be less likely to invest in Albertain the
short term. Other drivers were noted
by participants, but no other factor
was as frequently mentioned as policy
uncertainty. Many participants indi-
cated that Alberta would continue

to be aninvestible market in the long
term if these policy concerns were to
be resolved.

Perspectives on the best solutions to
support concurrent goals of emis-
sions reduction, affordability, and reli-
ability are equally diverse. However,
there are areas of agreement where
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developers of electricity generation
agree, including market design. There
was a general agreement amongst
participants that the energy-only
market is the most preferred market
to incent investment in the province.
Introducing elements of other market
designs, including capacity markets,
integrated system planning, or a
provincial Crown corporation was not
viewed favourably by the respondents
to the survey.

Similarly, capital markets participants
emphasized the need for predictabil-
ity of cash flow to incent investment
and expressed confidence that struc-
tures to provide that predictability
should be available within the ener-
gy-only market. Participants largely
agreed that government participa-
tion in the power market would be
destructive for investment from the
private sector. Many made reference
to the discrepancy between economic
life of an asset and the duration of an
election cycle as well as to the nega-
tive impacts to investment returns
from past policy changes. For that
reason, many market participants are
less concerned with the shortcomings
of the existing market design than
with the potential adverse effects of
implementing any change. At a mini-
mum, investors would be likely to
pause investment in the market if not
fully withdraw until sufficient long-
term policy clarity is available.

Participants largely agreed that

the existing energy-only market is
equipped to ensure an affordable
and clean power system. However,
many participants across respon-
dent groups agreed that the intro-
duction of new market products for
reliability services could help support
system reliability. These participants
urged that these reliability services be
procured competitively to uphold the
foundational principle of competition
within Alberta’s power market.

Policy uncertainty is currently the
most significant impediment to
investment in Alberta’s electric-

ity market. This takes many forms,
but the consensus amongst the
participants of the survey was that
the complicated, overlapping, and
rapidly changing policy environ-
ment facing investors in the power
market prevents them from model-
ling project revenues with any confi-
dence and making sound investment
decisions based on their modelling.
Perspectives varied on who is most
responsible for causing policy uncer-
tainty. Participants suggested that
the federal government, the provin-
cial government, the Alberta Utilities
Commission, and the Alberta Elec-
tric System Operator all play a role in
contributing to the current situation.
The consensus was clear that a more
aligned approach would create a more
constructive investment climate.
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Glossary

Clean Electricity
Regulations

The Clean Electricity Regulations are an element of the Government of Canada’s actions to achieve
a net-zero electrical grid by 2035. They were released in draft form in August 2023.

Debt

Providers of capital in the form of debt receive a return in the form of fixed principal and interest
payments on the debt. Debt investors are primarily interested in the credit quality of an investment
which is defined as the level of certainty of receiving the scheduled principal and interest payments.
Debt investments are considered to be lower risk because project cash flows are allocated to debt
payments ahead of any returns to equity investors. Because debt investments carry lower risk, they
are generally a lower cost funding option than equity investments.

Equity

Equity investors receive a return on investment in two ways. They may receive dividend payments
on their investment as well as an increase in the value of their investment on disposition. The value
of an investment is a function of the cash flows to an entity after the payment of all required interest
payments and taxes. If an investment is considered attractive, investors will pay a higher multiple of
cash flows, resulting in a higher value for the investment. The goal of equity investing is to identify
investments that are attractive today with the expectation of selling for a higher price in future.

Equity
thickness

Equity thickness is the proportion of the capital base of a utility that consists of shareholder equity
rather than debt. Other things being equal, investors prefer a thicker equity base over the alternative
of taking on more debt.

Hurdle rate

The hurdle rate of an investment refers to the level of return on investment in a project that is neces-
sary to entice investors to participate in that project. The reference for hurdle rate was yield spread
over Government of Canada Bonds for debt investors and multiple of cash flow for equity investors.
Investors and analysts all recognize the need for appropriate risk-adjusted returns or compensation
for taking different types of investment risk.

Investment-
grade

Investment-grade refers to the group of credit ratings that imply a low risk of default. Entities with
investment-grade credit ratings are able to issue debt at a lower interest rate than others with weaker
credit ratings.

Investment tax
credits

Investment tax credits in Canada are incentives to business investment that allow investors to
deduct a portion of their investment costs from their taxes.

Net zero

Net zero refers to a state in which all emissions of greenhouse gases into the atmosphere from
human activities are offset by removal of greenhouse gases from other activities.

Power purchase
agreement

A power purchase agreement is a long-term arrangement between the producer and consumer of
power that specifies the volume and price of the purchased power.

Renewable
energy credits

Renewable energy credits (also renewable energy certificates) are evidence of power genera-
tion from a renewable source. These can be purchased and sold to transfer the renewable aspect of
energy generation from one owner to another.

Return on equity

Return on equity is a measure of the financial performance of an entity calculated by dividing the net
income of an entity by the equity capital invested to produce that income.

Scope 1, Scope 2
emissions

Scope 1emissions refer to greenhouse gases that are generated from sources owned or controlled
by an organization. Scope 2 emissions are indirect emissions of greenhouse gas by an organization
from purchased energy. Greenhouse gas emissions are a widely accepted reporting standard of the
climate impact of an organization.
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