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THE QUARTER AT A GLANCE

T

The average pool price in Q2 2022 was $122.47/MWh, a 17% increase relative to Q2 last
year, and the highest quarterly pool price since Q2 2013. Elevated natural gas prices were
the principal factor in the increase. The average price of natural gas in Q2 was $6.86/GJ
which is 134% higher than in Q2 2021 and is the highest quarterly gas price since 2008.
Increased renewable generation, changes in generator offer behaviour, and fewer thermal
outages moderated the increase to pool prices.

Wind and solar generation in Alberta continue to increase. For some hours during Q2 wind
generation supplied over 2,000 MW, while solar provided more than 600 MW in some
hours and is set to increase further this summer. Wind and solar generation capacity are
expected to increase in the coming years as new assets come online. Currently there is
2,450 MW of wind capacity and 1,210 MW of solar capacity under construction.

Substantial investment in natural gas generation assets is also occurring, including the
Cascade combined cycle project (900 MW), the Suncor Base Plant cogeneration project
(800 MW), and the repowering of the Genesee 1 and 2 assets (a net capacity increase of
512 MW). Expectations of increased supply are reflected in lower forward power prices
for coming years. As of June 30, Calendar 2024 (CAL24) was priced at $69/MWh
compared to $95/MWh for CAL23, while CAL22 is expected to settle around $116/MWh.

The carbon emission intensity of the Alberta grid continued to decrease year-over-year in
Q2. A longer-term analysis of carbon emission trends shows that the distribution of hourly
average emission intensity has decreased materially since 2014. The analysis indicates
that carbon pricing effected a material reduction in coal-fired generation. The findings are
consistent with the expectation that market participants respond to carbon price incentives
and show that the amount of emissions to which the carbon price applies matters.

In an assessment of the performance of the energy market, the MSA found that
generatorsdexercise of market power has led to price markups and profits in some years,
and that such behaviour is consistent with long-run capital cost recovery.

The MSA has published various retail market analyses in a Supplemental Retail Market
Report for Q2 2022.

The number of small micro-gen sites continued to increase in 2021. One retailer receives
a significant share of micro-gen export compensation, as they control a significant share
of micro-gen exports and offer above-market micro-gen retail rates.

From April 1 to June 30, 2022, the MSA closed 70 ISO rules compliance matters; 19
matters were addressed with notices of specified penalty. For the same period, the MSA
closed 12 Alberta Reliability Standards Operations and Planning compliance matters. In
addition, the MSA closed 80 Alberta Reliability Standards Critical Infrastructure Protection
compliance matters; 11 matters were addressed with notices of specified penalty.


https://www.albertamsa.ca/assets/Documents/Supplemental-Retail-Market-Report-for-Q2-2022.pdf
https://www.albertamsa.ca/assets/Documents/Supplemental-Retail-Market-Report-for-Q2-2022.pdf

1 THE POWER POOL

1.1 Quarterly summary

The average pool price in Q2 was $122.47/MWh, which is 17% higher than in Q2 2021 when pool
prices averaged $104.51/MWh.! This increase is largely attributable to materially higher natural
gas prices in Q2 this year. Higher wind and solar generation, changes in generator offer
behaviour, and fewer thermal outages put some downward pressure on pool prices compared to

last year and somewhat offset the higher natural gas prices.

Table 1 shows summary market statistics
for Q2. The average price of natural gas
increased by 134% year-over-year,
settling at $6.86/GJ, the highest quarterly
price since 2008. Natural gas fired assets
set the System Marginal Price (SMP) 86%
of the time in Q2, illustrating that natural
gas prices are an important cost-driver for
the Alberta power market.

Natural gas prices in Alberta have risen
along with prices at other major gas
trading hubs in North America, such as
Henry Hub. Increased demand, in part
from power generation and LNG exports,
led to relatively low storage levels coming
out of winter, which put upward pressure
on natural gas prices.

Although the year-over-year increase in
natural gas prices was 134%, the year-
over-year increase in pool prices was less
at 17%. This indicates that the margin
between natural gas input costs and pool
prices was smaller in Q2 than in Q2 2021.

Increased wind and solar generation were

Table 1: Monthly market summary for Q2

2022 2021 Change

Apr 117.14 87.99 33%

Pool price May 121.24 85.39 42%
(Avg $/MWh) Jun 129.08 140.80 -8%
Q2 122.47 104.51 17%

Apr 9,559 9,088 5.2%

Demand (AlL) May 9,161 8,961 2.2%
(Avg MW) Jun 9,265 9,653 -4.0%
Q2 9,326 9,231 1.0%

Apr 6.56 2.65 148%

Gas price May 7.19 2.93 145%
(Avg $/GJ) Jun 6.84 3.23 112%
Q2 6.86 2.94 134%

Apr 890 621 43%

Wind generation May 907 517 76%
(Avg MW) Jun 756 524 44%
Q2 852 554 54%

] Apr 582 543 7%
':l‘;: ggg:i 8 May 470 587  -20%
(Avg MW) Jun 626 479 31%
Q2 558 537 4%

Apr 2472 2,800 -12%

J&Z;”;g'z May 2,842 3,012 6%
(Avg MW) Jun 2,585 2,668 -3%
Q2 2,635 2,829 -7%

a factor in this outcome. Average wind generation in Q2 was 298 MW higher year-over-year, an
increase of 54%, which was driven by increased capacity and favourable weather conditions.

1 Reference to Q2 means Q2 2022 unless specified otherwise. Reference to a month, or a day in a month, means a

month or day in 2022 unless specified otherwise.

2 These outage figures reflect the difference between maximum capability and total declared energy for coal, dual fuel,
and natural gas assets (including cogeneration). The 2021 figures do not include the Sundance 5 mothball outage.



Solar capacity in Alberta has also increased. On June 27 solar generation peaked at 608 MW,
compared to a peak of under 300 MW in Q2 2021. Wind and solar generation capacity are set to
increase further in the coming years, with 2,450 MW of additional wind capacity and 1,210 MW of
additional solar capacity currently under construction.®

Weather differences year-over-year were an important factor in the monthly demand differences
reported in Table 1. A cold spell in mid-April 2022 (Figure 1) increased heating demand during
this period, and April saw demand increase by 5.2% year-over-year, which was a factor in the
higher average pool price in April. In contrast, temperatures in June did not reach the same highs
seen in June 2021. High temperatures increase cooling demand for electricity, so demand was
lower in June this year, which was a factor in the lower average pool price year-over-year.

Figure 1: Maximum daily temperature at Calgary, Edmonton, or Fort McMurray
(Q2 2022 and Q2 2021)

40 -
35 -
30 -
25 -
20 -
15 -

Maximum temperature (AC)

Apr-01 May-01 Jun-01 Jul-01
—2022 —2021

Another consideration in the year-over-year demand changes was oil production. In April, total oil
production was 10% higher than in April 2021, and in May oil production was 4% higher year-
over-year.* Alberta oil production has increased in response to higher oil prices and greater export
capacity, with the replacement of Line 3 completed in the fall of 2021. WTI oil typically traded
between US$100 and $120/bbl in Q2 compared to between US$60 and $70/bbl in Q2 2021.

3 AESO Long-Term Adequacy Metrics i August 2022 (assets listed on the CSD page as of August 15, 2022, were not
included)

4 AER ST3 report, Oil, Total Production


https://www.aeso.ca/market/market-and-system-reporting/long-term-adequacy-metrics/
https://www.aer.ca/providing-information/data-and-reports/statistical-reports/st3

Electricity is an important input for Alberta oilsands operations and therefore increased oil
production can lead to higher electricity demand.

1.2 Market outcomes

Natural gas prices increased materially in early April in response to low storage volumes and
forecasts for high air conditioning demand in some regions of the US. The demand for natural gas
has increased because of increased power generation demand (including generator coal-to-gas
conversions and air conditioning demand), higher levels of LNG exports, and high heating
demand over the 2021/22 winter. As a result, natural gas storage levels in the US have been
below historical levels this year. In mid-April, EIA natural gas storage estimates were 23% below
| ast yeards | evel -yeardverdgé. 2 omsequently, natunakgad priceseacross
North America have been higher this year.

Figure 2 illustrates the monthly average price of natural gas in Alberta since January 2013. In Q2,
natural gas prices peaked in May, averaging $7.19/GJ, before declining in June. In the latter half
of June, natural gas prices fell significantly as an LNG facility in the US was forced out of service
until later this year.® This outage reduced the export capacity of LNG from North America, which
helped to replenish natural gas storage levels. At the end of June, EIA storage levels were 12%
lower than the same period last year. This was an improvement over mid-April when storage
levels were 23% lower than their 2021 levels. Between June 12 and June 30, the same-day price
of natural gas in Alberta fell from $8.11/GJ to $5.23/GJ, a decline of 36%.

Figure 2: Monthly average of same-day AB-NIT natural gas prices (January 2013 to June 2022)
$8

$7
$6
$5

$4
$3
$2

Natural gas price ($/GJ)

$1

$0 T T T T T T T T T
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

5 EIA Weekly Natural Gas Storage Report, More Storage Data

6 Reuters article 7 June 14, 2022


https://ir.eia.gov/ngs/ngs.html
https://www.reuters.com/markets/commodities/freeport-lng-extends-outage-after-fire-targets-year-end-full-operations-2022-06-14/

The average pool price increased by 17% compared to Q2 last year, whereas natural gas prices
were 134% higher. Therefore, the margin between pool prices and natural gas input costs was
lower in Q2 compared to Q2 2021 (Table 2). The average spark spread in Q2 was $53.83/MWh,
a decline of 28% relative to $75.16/MWh in Q2 2021.” Increased wind and solar generation, fewer
thermal outages, lower demand in June, and changes in the offer behaviour of larger suppliers
were all factors in the lower spark spread this quarter.

Table 2: Monthly spark spread figures using a 10 GJ/MWh heat rate (Q2 2022 and Q2 2021)

2022 2021 % change
April $51.51 $61.50 -16%
May $49.39 $56.10 -12%
June $60.73 $108.53 -44%
Q2 $53.83 $75.16 -28%

Wind and solar generation increased materially in Q2 compared to Q2 2021. On average wind
generation was 852 MW in Q2, an increase of 298 MW (54%) year-over-year. Average solar
generation during peak hours (HEO8 to HE23) was 195 MW in Q2, which is 80 MW (70%) higher
than in Q2 last year.

Wind and solar generation typically act as price takers and offer into the energy market at the
offer price floor of $0.00/MWh, receiving the prevailing pool price for their generation. In addition,
wind and solar assets are eligible for carbon emission offsets, which are an additional source of
revenue for these assets. A wind or solar asset brought online in 2022 may be eligible to receive
$26.50/MWh in revenue from carbon emission offsets, based on the electricity grid displacement
factor of 0.53 t/MWh and the carbon price of $50/MWh.

As of June 30, the total capacity of wind assets in Alberta was 2,269 MW, an increase of 488 MW
(27%) year-over-year. In addition to the increase in capacity, the capacity factor of wind assets
was also higher in Q2 at 38%, relative to 31% in Q2 last year.

Wind generation is an intermittent resource; during some hours in Q2 total wind supply was over
2,000 MW while in other hours it was close to 0 MW. Figure 3 illustrates hourly wind generation,
solar generation, and the pool price in June. Higher pool prices tended to occur when wind
generation was low, and pool prices were generally lower during periods of high wind generation.
Over Q2, the received price for wind generation was $98.87/MWh, 19% less than the average
pool price.

7 Spark spread is the difference between the price of electricity and the input fuel cost of natural gas. These calculations
assume 10 GJ of natural gas are needed to produce a MWh of electricity; a heat rate of 10 GJ/MWh. This heat rate is
similar to the efficiency of simple cycle assets and is slightly lower than most gas-fired steam assets. An efficient
combined cycle has a lower heat rate of around 7 GJ/MWh.



The received price for solar generation over the quarter was higher at $138.18/MWh, 13% more
than the average pool price. Solar generation produces during daylight hours which often overlap
with peak demand periods when pool prices are higher, particularly during the summer months.

Solar capacity has increased significantly since the start of the year as the Travers development
(465 MW) continues to add capacity, and seven other solar assets have come online, totalling
135 MW in capacity. Towards the end of June, solar generation surpassed 600 MW in some
hours, more than double the peak of solar generation in 2021 (Figure 4).

Figure 3: Hourly wind generation, solar generation, and pool price (June 2022)
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Figure 4: Solar capacity and maximum solar generation by day
(January 1, 2021 to June 30, 2022)3
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During a few off-peak hours in Q2 the System Marginal Price (SMP) was set at the offer price
floor of $0.00/MWh. This price reflects a supply surplus situation when the amount of capacity
offered into the market at $0.00/MWh exceeds the prevailing demand for electricity. On Tuesday,
June 14 the SMP was $0.00/MWh for almost three hours, resulting in the pool prices for HE04
and HEO5 being set at $0.00/MWh.

High wind generation was a factor during this event, as wind assets were supplying around
1,900 MW at the time. In addition, importers fully utilized the available transmission capacity on
BC/MATL and supplied 554 MW despite the pool price being $0.00/MWh. Prices in the Mid-C
market were below zero at the time, at around negative CAD$12/MWh, which incentivized the
flow of power into Alberta.

Table 3: Time periods where the SMP was $0.00/MWh in Q2 2022

Date Begin time End time Length of time
May 6, 2022 02:33 03:53 1 hr 20 mins
(Friday)
June 12, 2022 03:19 03:29 10 mins
(Sunday)
June 14, 2022 01:54 02:13 19 mins
(Tuesday)
June 14, 2022 02:49 05:37 2 hrs 48 mins
(Tuesday)

8 In this chart, the capacity of a new solar asset is added in full once the asset starts to generate to the grid



Despite five gas-fired steam assets being commercially offline during the off-peak hours on June
14, there was still a large amount of thermal capacity offered into the market at $0.00/MWh. In
HEO4 for example, there was 2,300 MW of cogeneration capacity offered at $0.00/MWh in
addition to 1,100 MW of combined cycle, 870 MW of coal, and 510 MW of gas-fired steam. In
total this amounted to 4,800 MW of thermal capacity offered into the market at the price floor.
These zero-dollar offers often reflect industrial operations at cogeneration facilities, or a minimum
level of generation that a thermal asset must run at or above due to operational constraints. The
AESO did not have to constrain imports, the first step in addressing a supply surplus event®, in
any of the zero-dollar events in Q2.

As shown in Table 1, thermal outages were about 200 MW lower on average in Q2 compared to
Q2 2021. This had the effect of increasing supply and somewhat offsetting the retirements of the
Keephills 1 coal asset (395 MW) on January 1 and the Sundance 4 coal asset (406 MW) on April
1.20 In Q2 2021, a six-week outage at Shepard (868 MW) began in early April, reducing supply
materially, while a coal-to-gas conversion outage at Keephills 2 ran from mid-March to the end of
May 2021. In Q2 2022, there was a six-week outage at the Calgary Energy Centre (330 MW)
beginning in early April, and several cogeneration outages. On April 13, the Genesee 3
conversion outage was moved from May into the fall, and this increased thermal supply in Q2.

1.3 Offer behaviour

Figure 5 shows the distribution of offer prices for coal and converted coal assets in Q2 2022 and
Q2 2021. The duration curves indicate that less coal and converted coal capacity was offered at
a higher price level in Q2 compared to Q2 2021. For example, in Q2 2021 10% of the available
capacity was offered above $615/MWh, whereas in Q2 2022 5% of available capacity was offered
above $615/MWh. The reduction in higher-priced offers year-over-year may reflect increased
hedging. In financial reporting, some larger suppliers discussed increased hedging levels for 2022
relative to 2021, which would generally reduce the incentive to offer generation capacity at a
higher price.

Offer prices in lower percentiles were higher in Q2 compared to Q2 2021, which reflects higher
natural gas prices in Q2 this year. The average price of natural gas was $6.86/GJ in Q2, a 134%
increase year-over-year. Natural gas is an important input for converted coal assets so higher
natural gas prices increase the variable cost of generation. In addition, the carbon price increased
from $40 to $50/tCO2e, which increased the carbon costs for most thermal assets, particularly
coal.

91SO Rule 202.4 i Supply Surplus

10 Beginning on January 1, 2022 the Sundance 4 asset was operated using gas-fired capacity only with a reduced
capacity of 113 MW.

10


file:///C:/Users/RKENDALLSMITH/Downloads/Section-202.5-Supply-Surplus-2018-09-01.pdf

Figure 5: Offer price duration curves (Q2 2022 and Q2 2021)
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Figure 6 shows the amount of coal and converted coal capacity commercially offline and the
amount of coal and converted coal capacity that was offered above $100/MWh during the daily
peak in pool price from April 1 to June 30. The average amount of capacity commercially offline
during the daily peak in pool price was 711 MW in Q2.

The average amount of capacity commercially offline was highest in June, which was driven in
part by a high amount of capacity being offline on June 14 and 15. The reduced capacity was a
factor in higher pool prices on June 15, when the daily average was $233/MWh, the fourth highest
in the quarter. Pool prices on June 15 were also increased by thermal outages, reduced import
capacity, and offer behaviour.

In April, more converted coal was commercially offline around the start of the month when wind
generation was typically high. In mid-April, wind generation was much lower and only one small
asset was commercially offline from April 14 to 16.

Later in April, there was an increase in the amount of coal and converted coal capacity that was
offered above $100/MWh. For example, on April 29, 1,300 MW of coal and converted coal
capacity was offered above $100/MWh when the pool price was at its daily peak, the highest year-
to-date.

11



Figure 6: Coal and converted coal capacity commercially offline and offered above $100

(daily peak in pool price, April 1 to June 30)
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Figure 7 and Figure 8 illustrate the relationship between pool prices and supply cushion in Q2
2022 and Q2 2021. The lines in the figures illustrate the average pool prices in 200 MW supply
cushion bins while the markers illustrate hourly data points. At higher supply cushion levels, the
average pool price was higher in Q2 2021 relative to Q2 2022. This is consistent with the previous
discussion regarding fewer higher-priced offers in Q2 this year.

Figure 8 shows the same scatter plot but focuses on pool prices under $140/MWh; most of the
hours in Q2 2022 and Q2 2021 are confined to this price range. As shown, pool prices generally
settled at a higher value in Q2 2022 compared to Q2 2021 for all supply cushion levels above
1,600 MW. This is largely the result of much higher natural gas prices in Q2 2022 compared to

Q2 2021.

12
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Figure 7: The relationship between supply cushion and pool price (year-over-year)
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Figure 8: The relationship between supply cushion and pool price (year-over-year, under $140)
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14 Imports and exports

I nterties connect Al bertads electricity grid direc¢
(SK), and Montana (MATL), with the intertie to BC being the largest. For reliability purposes, the

AESO treats BC and MATL as one intertie (BC/MATL) because a trip on the BC intertie would

al so cause MATL to trip offline. Indirectly, these
in Mid-Columbia (Mid-C) and California.

The prevailing price of power in Mid-Columbia (Mid-C) and California are two factors that influence
the direction and magnitude of intertie flows to or from Alberta. When the Alberta pool price is
above prices in Mid-C and California, increased import and reduced export volumes are typically
seen, and the converse is true when pool prices are relatively low.

Figure 9: Daily average prices in Alberta, Mid-C, and California (SP15) (Q2 2022)
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Figure 9 shows daily average power prices in Alberta, Mid-C and California* (in $CAD) over Q2.
The direction of flow on the BC/MATL interties was largely imports into Alberta since pool prices
were often higher than prices in Mid-C and California. As shown, Mid-C prices fell relative to prices
in Alberta and California during June, which is likely the result of more realized and expected
rainfall.12

11 The California prices are from the South of Path 15 (SP15) Day-Ahead Market. SP15 is a major electricity hub in
Southern California.

12 USBR Website: see GCL (Grand Coulee Dam and FDR Lake), Reservoir Water Storage, for example

14


https://www.usbr.gov/pn/hydromet/arcread.html

Figure 10: Daily average imports and exports on BC/MATL and the Pool Price 1 Mid-C price
differential (Q2 2022, peak hours)
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Figure 10 illustrates the daily average import and export volumes on the BC/MATL intertie during
peak hours from April 1 to June 30. In mid-April the ATC on BC/MATL was constrained for a few
days due to a line outage on 2L294, which reduced import capacity from around 700 MW to 450
MW when the pool price was above prices in Mid-C. From April 24 to April 27 Mid-C prices were
often higher than Alberta pool prices during peak hours, which resulted in reduced imports and
some exports volumes from Alberta to Mid-C.

In May, the average amount of net imports was 470 MW, a reduction of 19% compared to April.
As shown in Figure 10, there was a substantial gap between import volumes and the import ATC
in mid-to-late May, which indicates a low utilization of import capacity. Although the MATL line
was out of service from May 19 to June 1, this did not significantly impact overall import ATC on
BC/MATL because the BC intertie had increased capacity.

The average amount of net imports increased to 626 MW in June as pool price volatility increased
and Mid-C prices fell. However, from June 6 to 10 a transmission line outage on 5L92 caused a
material derate to the BC/MATL intertie (Figure 10) which reduced imports during this period. A
derate on the BC/MATL intertie also occurred in mid-June and was a factor in higher pool prices
on June 16, which saw the highest daily average pool price in Q2. Overall import utilization was
much higher in June compared to late May, as Mid-C prices decreased materially relative to
Alberta pool prices, which provided more incentive for imports into Alberta.

15



1.5 Carbon emission intensity

The MSAOGSs ragdresdt totcanduct surveillance related to the structure and performance
of Al bertads electricity market. Consider at
things, has long been integral to this work. The carbon emissions associated with electricity
generation have become more important in recent years and now are essential to consider in any
assessment of market performance. The MSA has undertaken to measure this performance in an
ongoing, transparent, and consistent manner that is appropriate to the physical reality and
fundament al economic principles of Albertabd

In the context of power generation, carbon emission intensity is the amount of carbon dioxide
equivalent emitted for each unit of electricity produced. Starting with the Q4 2021 report, the MSA
has been publishing analysis of the carbon emission intensity of the Alberta electricity grid in its
guarterly reports. The results are indicative only, in the sense that the MSA has not sought to
collect the precise carbon emission intensities of assets from market participants, but rather relied
on information that is publicly available. The methodology that underlies this analysis can be found
in the Quarterly Report for Q4 2021.12 The MSA welcomes any feedback and further suggestions
from market participants regarding its approach and analysis in this section.

1.5.1 Quarterly results

The hourly average emission intensity is the volume-weighted average carbon emission intensity
of the assets supplying the grid in a given hour. Figure 11 illustrates the estimated distribution of
the hourly average emission intensity of the grid in Q2 for the past four years. Figure 11 illustrates
a shift of the distribution to the left, indicating a decline in carbon emission intensity over time.
The displacement of coal-fired generation with natural gas-fired generation has been the major
factor driving this outcome. In addition, increased wind and solar generation have reduced the
carbon emission intensity. Mean hourly average emission intensities are reported in Table 4
showing year-over-year and quarter-over-quarter comparisons.

Table 4: The mean of hourly average emission intensities (tCO2e/MWh)

Mean Mean
2019 Q2 0.64 2021 Q3 0.55
2020 Q2 0.58 2021 Q4 0.52
2021 Q2 0.58 2022 Q1 0.50
2022 Q2 0.49 2022 Q2 0.49

13 pages 25-26.
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https://www.albertamsa.ca/assets/Documents/Q4-2021-Quarterly-Report.pdf

Figure 11: The distribution of hourly average carbon emission intensity in Q2 (2019 to 2022)
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The hourly marginal emission intensity of the grid reflects the carbon emission intensity of the
asset setting the System Marginal Price (SMP) in a given hour. In hours where there were multiple
SMPs and multiple marginal assets, a time-weighted average of the carbon emission intensities
of those assets is used. Figure 12 shows the distribution of the hourly marginal emission intensity
of the grid in Q2 for the past four years. In Q2 2022, the increase in converted coal capacity, which
set the price quite often was a material factor in the spike observed around 0.59 tCO2/MWh.
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Figure 12: The distribution of hourly marginal carbon emission intensity in Q2 (2019 to 2022)
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1.5.2 Long-term trends

In this section, a longer-term view is taken with respect to the changes in carbon emission
intensity. Figure 13 provides yearly distributions of hourly average emission intensity from 2004
to 2021. As shown, the distributions have shifted to the left since 2004 and more drastically since
2014. Concurrent with this change is the increase in the dispersion of the distributions, driven in
part by the increase in wind generation.
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Figure 13: Hourly average emission intensity distribution by year
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The trends observed in Figure 13 can be traced in Figure 14, which shows net-to-grid generation
volumes by generation type.#

Figure 14: Yearly total net-to-grid generation volumes by generation type®
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An extended force majeure outage period declared for the SD1 and SD2 units from 2011 to 2013
contributed to a reduction in coal generation and the corresponding leftward shift in Figure 13
during this period. The more recent substantive reductions in emissions from 2015 onwards are
largely reflective of the changes in carbon policy that have taken place over this period.
Specifically, the carbon policy in the 2018-2019 period was directed by the Carbon
Competitiveness Incentive Regulation (CCIR), which was then replaced by the Technology
Innovation and Emissions Reduction (TIER) Regulation. These developments have resulted in
changes to hourly dispatch dynamics as well as longer term changes in coal unit retirement and
conversion decisions. Table 5 provides a summary of changes in the carbon pricing policy in
Alberta.

14 In our understanding, assets RG8-10 (Rossdale) and CG1-4 (Clover Bar Generating Station) that appear at the
beginning of our study period can be described as gas fired steam assets. To distinguish them from the more recent
gas fired steam assets they are categorized as old gas fired steam. These assets have small but positive metered
volumes in 2004-2006.

15 The chart includes assets greater than 5SMW in size.
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Table 5: Summary of changes in the carbon pricing policy

Year Policy Carbon price
2007 | SGER (12% reduction from baseline) $15/tCO2e
2016 SGER (15% reduction from baseline) $20/tCO2e
2017 SGER (20% reduction from baseline) $30/tCO2e
2018 | CCIR (applied on emissions above 0.37tCO2e/MWh) $30/tCO2e
2019 | CCIR (applied on emissions above 0.37tCO2e/MWh) $30/tCO2e
2020 | TIER (applied on emissions above 0.37tCO2e/MWh) $30/tCO2e
2021 | TIER (applied on emissions above 0.37tCO2e/MWh) $40/tCO2e
2022 | TIER (applied on emissions above 0.37tCO2e/MWh) $50/tCO2e

Figure 15 shows the yearly change in mean, median, maximum, and minimum hourly average
emission intensity observed since 2004. A significant reduction is visible in all measures since
2014.

Figure 15: Hourly average emission intensity: descriptive statistics by year
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Figure 16 shows the same descriptive statistics for the hourly marginal emission intensity. As the
marginal emission intensity is driven by one or a small number of assets in a given hour, it is
expected that these descriptive statistics do not exhibit the same gradual patterns observed for
the average emission intensities.
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Figure 16: Hourly marginal emission intensity: descriptive statistics by year
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Figure 17 shows the drastic change in assets setting the SMP since 2019, which is behind the
decline in mean and median marginal emission intensities observed in Figure 16. The increase in
the percentage of time coal-fired assets were on the margin reflects the changes in the merit order
resulting from the increase in carbon costs incurred by this type of asset. This increase has been
reversed since 2020 with the conversion of most of these plants to burn gas instead of coal, as
well as retirements.

Figure 17: Marginal assets by fuel type and year
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The preceding figures illustrate the changes in average and marginal emission intensities over
the years without necessarily establishing the driving force behind the changes. As the most the
prominent influence, impacts of carbon pricing policy on different types of generic assets over
time are shown in Figure 18. The impact on coal generation is large and, as discussed below,
consequential.

Figure 18: Cost of carbon emissions for generic assets
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1.5.3 Econometric examination of the impact of carbon price on coal-fired generation

To examine the impacts of the changes in carbon pricing policy, the MSA analyzed the data using
a regression analysis. The results confirm that coal-fired generation has responded to the carbon
price policy, where the impact of the carbon price under the CCIR/TIER framework has been
significantly larger than that of under the SGER framework as shown in Figure 18. This is
consistent with the expectation that market participants respond to incentives in the form of carbon
prices, and the amount of emissions to which the carbon price applies matters.

A simple ordinary least squares regression shows that about 97% of the variation in the hourly
average emissions intensity over the January 2005 to June 2022 period can be explained by the
variation in the hourly share of coal-fired generation.'® This is not surprising given that carbon
emission intensities for coal-fired assets are significantly higher than those of other types of
generation assets. This observation leads to the question of how coal-fired generation might have

16 That is, the R-squared from the following regression is 0.97, with | T @ Aandf T TP

O£ 61 A6 LQI GQQROE QI | QF 200 DI RGQEG "Q6 ¢ & "'OQE QI o Qf ¢
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been impacted by the carbon pricing policies. Table 6 shows the coefficients estimated for the
following regression:
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The data used in estimating this regression covers the period from January 2005 to the end of
June 2022. Net-to-grid demand and renewable generation are estimated from metered generation
volumes. Coal generation is expected to increase with demand and decrease with renewable
generation (hydro, wind and solar). Imports and exports cover scheduled imports and exports on
the BC, MATL, and Saskatchewan interties. As imports mean more supply, it is expected to have
a negative impact on coal generation, whereas exports mean more demand and it is expected to
have a positive impact on coal generation. Coal available (maximum) capability is the sum of
available (maximum) capabilities across coal-fired assets in Alberta and is expected to have a
positive impact on generation. Cost of carbon reflects the cost of carbon for a generic coal asset
that has an emission intensity of 1tCO2e/MWh as shown in Figure 18 above. The regression
includes month dummies to capture any monthly fixed effects.

Table 6: Coal-fired generation regression coefficient estimates

Net to Grid Demand 0.4471***
(0.022)
Renewable Generation -0.663***
(0.049)
Imports -0.106
(0.067)
Exports 0.112
(0.092)
Total coal available capability 0.237***
(0.034)
Total coal maximum capability 0.041
(0.035)
Cost of carbon for coal -77.162%**
generation (3.150)
Constant 811.733***
(220.456)
Number of observations 153,359
Adjusted R-squared 0.930

(Newey-West) Standard errors in brackets. *** indicate statistical significance at the 1% level.

All the coefficient estimates in this regression have the expected signs. The impact of maximum
capability on coal-fired generation is not statistically significant; however, this is not surprising
given that available capability is highly correlated with maximum capability. Most notably, the
results confirm that coal-fired generation has responded to the carbon price policy. Specifically, a
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one dollar increase in the carbon price increases the cost of carbon for generic coal generation
by $0.63/MWh, given the 0.37tCO2e/MWh benchmark. The model implies that, for a $10/MWh
increase in the carbon price, an average of 486 MW (0.63*10*77.162) decrease in coal-fired
generation is expected over the sample period.

1.5.4 Relationship between pool price and average and marginal emission intensities

Given the impacts of policy on the generation mix and the consequent change in emission
intensities, the MSA also looked at the co-evolution of these changes with the pool price. While
a fulsome investigation of the relationship between the pool price and emission intensities or the
causal impact of policy changes on pool prices is beyond the scope of this analysis, an
examination of the annual correlation coefficients between pool price and emission intensities
sheds some light on how this relationship evolved over time. However, it should be noted that this
analysis focuses on the within-year, relatively short-term correlation. The relationship between
the pool price and the emission intensity is also influenced by longer term decisions involving
investments.

Figure 19 illustrates that the correlation between pool price and the hourly average emission
intensity evolved gradually from a moderately strong negative to a moderately strong positive over
time. The negative correlation in the past is consistent with the fact that high levels of coal-fired
generation tended to be associated with lower pool prices. However, this relationship was never
very strong and in fact it has reversed since 2016. The reversal is consistent with the increase in
carbon prices, which was reflected in the offer prices of coal-fired assets.

Figure 19: Correlation of pool price with hourly average emission intensity (HAEI) and hourly
marginal emission intensity (HMEI)
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The within-year correlation between the hourly marginal emission intensity and pool price has
never been strong and remained negative throughout the sample period. The moderately strong
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negative correlation observed until 2008 indicates that whenever coal-fired assets set the price,
the price tended to be relatively low. The relationship between hourly pool price and marginal
emission intensity has become less negatively correlated over time, with increasing carbon prices
reflected in the offer prices, which then set the system marginal price. The within-year relationship,
however, remains weak.

1.6 Assessment of market performance
1.6.1 Overview

In December 2012, the MSA released State of the Market Report 2012 and its Assessment of
Static Effici en c-@nlyiElectrigity Magkett® i these rEportsytiee MSA assessed
the competitiveness of the Alberta electricity market, paying particular attention to market power
and the efficiency of the market over the 2008 to 2011 period.

The Alberta electricity market has experienced significant changes since the release of these
reports, including substantial changes to the nature of carbon pricing, the expiry of the power
purchase arrangements, and recently, a large increase in natural gas prices. As a result, the MSA
is revisiting several aspects of its earlier work. Of particular interest are the following questions:

1. Over a lengthy period, for a range of generation types that are present in the Alberta
electricity market, how has the market revenue associated with electricity production and,
if applicable, environmental attributes compared to the total cost of production? How has
this comparison evolved over time?

2. Is there evidence that profit-seeking firms have or are responding to profitable
opportunities to invest in the Alberta electricity market?

3. The exercise of market power generally occurs through supply being offered to the market
at prices above marginal cost. I n Al bertads c o metdhe exercise ef
market power is expected to be disciplined by competition.

a. How much market power has there been in the market and what have the trends
been over time?

b. To the extent that the exercise of market power is associated with high marginal
cost supply being utilized in place of lower marginal cost supply, the total cost of
production will not be minimized and there is a productive inefficiency. By how
much has the observed exercise of market power raised production costs and what
have the trends been over time?

c. To the extent that the exercise of market power raises the pool price above the
marginal cost of production, there may be consumers who forego consumption

17 MSA State of the Market Report 2012, December 10, 2012.

B Assessmentof St atic Effici ediDolyElectricity Markete Detemldes2l,ROL2.r gy
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https://www.albertamsa.ca/assets/Documents/State-of-the-Market-Report-2012-2012-12-10.pdf
https://www.albertamsa.ca/assets/Documents/SOTM-Static-20121221.pdf

(compared to if the pool price was equal to the marginal cost of consumption) and
there is a loss of allocative efficiency. By how much has the observed exercise of
market power resulted in allocative inefficiency and what have the trends been
over time?

4. Consider a hypothetical alternative market with no market power and therefore the pool
price equal to the marginal cost of electricity production. How much lower would generator
revenues have been for a range of generation types that are used in the Alberta electricity
market? How may generation investment have been different had the counterfactual
prices prevailed?

5. Is there reason to believe that the inefficiencies identified were necessary for the market
to provide revenue sufficient to result in the observed investment?

6. What can we conclude about the performance of the Alberta electricity market from this
analysis?

The MSA has considered these questions by looking at market outcomes spanning the period
from January 2013 to June 2022. 't i s the
characterized by a sufficiently varied set of market outcomes to draw preliminary conclusions on
these questions.

A preliminary summary of the answers to these questions is below, with additional detail provided
in the following sections.

1. The MSA conducted a net revenue analysis to assess the market revenues associated
with electricity production and environmental attributes (where applicable) and how they
compared with the total cost of production over time. Figure 20 illustrates the estimated
annual net revenue less fixed operation and maintenance costs for a selection of
generation technologies that are used in the Alberta electricity market (the vertical bars)
and simple estimates of the annualized capital cost of generation capacity, including a
return on and of capital for different weighted average costs of capital (WACC) (the dashed
lines). The results indicate that generators have, on average, been able to earn sufficient
net revenues in the energy market to recover their capital costs, indicating that investment
in the Alberta market has been profitable for generators over time.

It is also clear that there is substantial variation in this comparison across years. While
generators earned robust net revenues in 2021 and 2022 (results for 2022 have been
assumed to reflect the first six months of the year), this was not the case in many of the
previous years. Variation in input costs and operating characteristics between technology
types creates different investment incentives for different types of generators.
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Figure 20: Comparison of net revenues (less fixed operations & maintenance cost) and capital
costs by technology (2022$ thousands/MW-year), observed prices, 2013 to 2022
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2. Generators have responded to these capital cost recovery signals by investing further in

the Alberta market (Figure 21). Such investments have included the construction of new
generation capacity (including significant amounts of non-emitting technologies), capacity
additions to existing generators, and the refurbishment of over 2,800 MW of previously
coal-fired generation to natural gas-fired. With limited exceptions, these investments were
not financed or backstopped by ratepayers. All the while, as discussed in section 1.5, the
carbon emission performance of electricity generation in Alberta has improved

dramatically.

Looking forward, 7,054 MW of generation capacity is currently under construction, all of
which has in-service dates before the end of 2024 (Figure 22).
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Figure 21: Additions in generation capacity, coal unit conversions by market share offer
control year®®
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Figure 22: Cumulative capacity of generation projects under construction by expected in-service
month, August 2022 to December 2024%
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19 Excludes retired capacity and reductions in capacity. Values representative of changes between market share offer
control (MSOC) dates. For example, the 1,626 MW of capacity additions between the 2014 and 2015 MSOC dates are
reflected as capacity additions in the 2015 MSOC year.

20 AESO Long-Term Adequacy Metrics i August 2022 (assets listed on the CSD page as of August 3, 2022 were not
included).
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3. To assess market power in the Alberta market, the MSA estimated counterfactual energy
market outcomes where generators offered their supply at short-run marginal cost. The
MSAb6s key findings are:

a. Price markups over marginal cost vary significantly between and within years, with
market conditions determining the ability and incentive for market participants to
exercise market power. Between 2013 and June 2022, price markups expressed as a
percentage of pool prices were as high as 44% (in 2014) or as low as 6% (in 2017).
While markups hit seven-year highs in 2021 (averaging 37% of pool price), they have
subsequently fallen with input costs increasing and new capacity entering the market.

b. The exercise of market power can change the order of generator dispatch at any given
time. This can result in situations where demand is not met at the lowest feasible
production cost. In these situations, there is productive inefficiency. Between 2013 and
June 2022 productive inefficiency averaged $0.60/MWh in 2022$ (around 1% of
average pool price), with some variation between years due to changes in the
configurations of generator portfolios and input costs.

c. The exercise of market power can result in pool price rising above marginal cost. To
the extent that electricity consumption is foregone as a result, there is an allocative
inefficiency. The MSA estimates allocative inefficiency averaged $0.71/MWh (in
20223%) between 2013 and June 2022 (around 1% of average pool price). While these
allocative inefficiencies are higher than previous estimates released by the MSA, this
reflectsi mpr ovements to the MSAOGs demand esti mat.i
demand to be more price elastic than previously thought.

The MSA has observed that, while some years exhibit significant allocative inefficiency
(for example, 2013 and 2021), this is often followed by a decline in allocative
inefficiency. This is consistent with the incentive of market participants to build new
generation capacity to take advantage of relatively high markups, increasing
generation supply in the process.

4. A counterfactual market where generators offer their supply at short-run marginal cost
would have resulted in lower pool prices in all years, significantly so in some years (Figure
23).

Associated with the lower counterfactual pool prices is lower counterfactual net revenue
for all generators, though the impact on natural gas-fired generators is greater than on
renewable generators (Figure 24). It is likely that there would have been less generation
investment in the counterfactual than was observed. The extent of this effect is unclear
because, i n t hren equdibrikme lovées invéstonang would result in higher
market prices.
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Figure 23: Observed and counterfactual pool prices, 2013 to June 2022

120 -
Observed Pool
100 i Price
™ 80 -
N
8 Counte_rfactual
= 60 - Pool Price
=
=
# 40 -
20 ~
0 -

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
YTD

Figure 24: Comparison of net revenues (less fixed operations & maintenance cost) and
annualized capital costs by technology (2022$ thousands/MW-year), observed and
counterfactual prices, 2013 to 2022

31





















































































































