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|. Appendix A — Additional Projection Details

1. Solar Photovoltaics

1.1 Scenario Summary — Additional Metric

The projections of annual solar photovoltaics (PV) energy output (GWh) across the three
Scenarios are depicted in Figure 1 and detailed in Table 1.

Figure 1. Solar PV — Annual Energy Output (GWh) and CAGR (%) Projections by Scenario
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Table 1. Solar PV — Annual Energy Output (GWh) Projections by Scenario

Year “Mid  High
2021 950.5 954.6 959.1
2022 9741 988.1 1,004.4
2023 1,004.9 1,035.6 1,076.6
2024 1,043.7 1,105.4 1,193.4
2025 1,084.8 1,188.3 1,346.9
2026 1,134.8 1,304.7 1,587.7
2027 1,182.9 1,429.7 1,876.7
2028 1,239.2 1,599.7 2,286.4
2029 1,286.4 1,759.0 2,700.3
2030 1,339.9 1,954.9 3,256.2

The energy outputs generally follow the trajectories of the provincial cumulative capacity
projections as PV output is closely linked to system size. While the projections assumed similar
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system sizes within a single customer class across Scenarios, the differences in energy impact
values across the Scenarios arise due to variations in projections of installed capacity.

Additionally, solar PV energy output represents a decrease in load from a system perspective,
as the technology reduces the energy purchase obligation for host customers. While the
modeling does assume some annual degradation in solar PV energy output due to natural wear
and tear, the energy output from annual incremental installations offsets the lost PV production.
As a result, the charts show a positive slope for energy output across all Scenarios.

1.2 Customer Class Comparison

Because of the number of combinations that result from four customer classes, three Scenarios,
and three metrics, the summaries in this section are only for the Mid Scenario. The full extent of
Scenario projections by customer class can be found in in the sections that follow.

The projections of solar PV by cumulative capacity (MW) across the four customer classes are
depicted in Figure 2 and detailed in Table 2.

Figure 2. Solar PV — Mid Scenario Cumulative Capacity (MW) and CAGR (%) Projections by Customer
Class
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Table 2. Solar PV — Mid Scenario Cumulative Capacity (MW) Projections by Customer Class

2021 235.4 41.5 401.9 72.7
2022 241.9 42.7 414.7 74.8
2023 251.9 44.4 433.4 77.7
2024 266.6 47.0 462.8 81.6
2025 284.9 50.1 497.7 86.0
2026 310.7 54.6 548.2 91.6
2027 338.6 59.4 602.7 97.3
2028 377.0 66.0 677.4 105.1
2029 412.9 72.2 747.1 112.0
2030 457.2 79.7 832.8 121.1

The span of annual growth rates — compound annual growth rates (CAGRS), as measured by
cumulative MW capacity growth — over the study period for residential solar PV in these
projections ranges from 3.8% in the Low Scenario up to 13.0% in the High Scenario. By
comparison, from 2009 to 2017 the national CAGR for equivalent residential solar installations
in the United States was 51.5%.2 However, some U.S. states are, given their latitudes and
climates, not close comparables for Ontario; for example, Nevada (61.4%), Texas (72.0%), and
New Mexico (76.2%). Other U.S. states — such as Wisconsin, Michigan, and lllinois — are
significantly better proxies for Ontario, and their CAGRs for the 2009 to 2017 period were lower
(in this case, 30.0%, 30.4%, and 32.2%, respectively).

While non-residential customers make for a harder comparison (because the definitions of
different commercial and industrial classes vary more by jurisdiction), these same general
comparisons hold for the other customer classes as well. The span of CAGRs for non-RPP
Class B solar PV in these projections ranges from 3.3% in the Low Scenario up to 12.8% in the
High Scenario over the course of the study period, while Class A projections range from 3.2% to
10.0% for the duration of the study period. From 2009 to 2017, the national hon-residential solar
PV CAGR in the United States was 39.7%. As with residential customers, though, the
commercial and industrial CAGRs for that period varied widely in the U.S., from states largely
dissimilar to Ontario (e.g., New Mexico, 54.5%; Tennessee, 70.5%; and Georgia, 87.6%) to
ones that are a closer match in terms of latitude and climate (e.g., Oregon, 28.3%; Wisconsin,
29.4%; and Illinois, 36.3%).

Following the end of the FIT and microFIT programs, it is expected that the vast majority of
potential customers will turn to Ontario’s Net Metering program to help make a more compelling
business case for investing in solar PV projects. Commercial and industrial (C&I) customers are
likely to constitute the bulk of total capacity due to their participation in net metering, continuing

! The same caveats about the limitations of historical growth rates as reliable indicators of future growth
rates, as well as the limitations of comparing different regions, described above in Section I11.1.1, apply
here as well.

2 All growth rates used as comparison derived from: Wood Mackenzie Power and Renewables and SEIA,
US Solar Market Insight Full Report, March 2019.

AV
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the trend that has been seen historically in the province®. Of the C&I customers, non-RPP Class
B customers are likely to make up most of the installs given their relatively high tariff rates
compared to Class A customers; higher rates present a larger incentive to take advantage of bill
savings in addition participation in the Net Metering program.

Participation in the wholesale market may also improve the business case for PV systems,
particularly for C&l customers. However, in the Mid Scenario, there are still barriers to
participation such as minimum size thresholds and the registration processes that would need to
be addressed in order to facilitate greater participation of DER in the wholesale market and
access to energy and capacity revenue streams.

The projected solar PV CAGRs by customer class in the Mid Scenario are broken down further
into shorter timeframes in Figure 3 below.*

Figure 3. Solar PV — Mid Scenario Compound Annual Growth Rate (%) Projections by Timeframe and
Customer Class
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3 Compass Renewable Energy Consulting, Market Analysis of Ontario’s Renewable Energy Sector, June
30, 2017. Available online:

https://www.ontarioenergyreport.ca/pdfs/ COMPLETE%20FINAL MOE%200ntario%20Market%20Assess
ment July%2020,%202017.pdf

4 Please note that the three timeframes used here (2020-2023, 2023-2026, and 2026-2030) are very
similar but slightly different than the ones used to assess the timing of impacts in Section 1V (2021-2023,
2024-2026, and 2027-2030). That difference is due to the need for an “anchor” year in CAGR calculations
(e.g., in order to measure a CAGR for 2021-2013, the calculation needs to be “anchored” in 2020), but in
essence the two difference breakdowns of the 2021-2030 period are intended to be the same.
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As with the Scenarios as a whole, each customer class sees a general acceleration of annual
solar PV adoption growth over the course of the ten-year period. However, while all four classes
grow at very similar rates over the first period, they then diverge, with Non-RPP Class B
customers growing at the fastest rate over the subsequent two period and Class A customers
growing the slowest during that period. This is due largely to the lower tariff rates for Class A
customers.

The projections of annual solar PV energy output (GWh) across the four customer classes are
depicted in Figure 4 and detailed in Table 3. The projections of annual solar PV energy output
(GWh) across the four customer classes are depicted in Figure 4 and detailed in Table 3.

Figure 4. Solar PV — Mid Scenario Annual Energy Output (GWh) and CAGR (%) Projections by Customer

Class
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Table 3. Solar PV — Mid Scenario Annual Energy Output (GWh) Projections by Customer Class

Small Non-RPP
Year Business Class B Classt
2021 271.2 48.0 538.0 97.4
2022 280.1 49.8 557.7 100.6
2023 292.9 52.3 585.4 104.9
2024 311.2 56.1 627.5 110.7
2025 333.8 60.5 6771 117.0
2026 365.0 66.7 747.7 125.2
2027 398.9 73.5 824.0 133.3
2028 4449 82.6 927.8 144.4
2029 488.3 91.2 1,025.2 154.3
2030 5415 101.7 1,144.5 167.2
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The energy outputs by customer class generally follow the trajectories of the cumulative
capacity levels. As with the Scenarios as a whole, the energy output from annual incremental
installations is projected to more than offset the lost PV production from equipment degradation
for each customer class individually, although those margins are fairly slim for small business
and Class A customers. The analysis assumes that all customers of a class deploy solar PV
systems of the same size. In reality, however, there is likely to be significant variation in
installation sizes across customers based on space constraints, resource availability, project
economics, and site-specific considerations.

The projections of cumulative solar PV installations across the four customer classes are
depicted in Figure 5° and detailed in Table 4.

Figure 5. Solar PV — Mid Scenario Cumulative Number of Installations and CAGR (%) Projections by
Customer Class
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5 Please note the two different scales in play, which is due to the number of residential installations
differing so much from the other three customer classes

AVd
ZICF viii



Appendices to Ontario DER Impact Study January 18, 2021

Table 4. Solar PV — Mid Scenario Cumulative Number of Installations Projections by Customer Class

Year m

2021 28,534 4,655 2,453 133
2022 29,810 4,880 2,535 137
2023 31,730 5,219 2,653 143
2024 34,496 5,707 2,835 150
2025 37,886 6,278 3,046 158
2026 42,555 7,089 3,347 168
2027 47,516 7,945 3,665 178
2028 54,202 9,093 4,092 191
2029 60,333 10,140 4,482 203
2030 67,742 11,399 4,953 218

As noted above, lower tariff rates for Class A customers (compared to non-RPP Class B
customers) make it less lucrative for them to invest in PV systems. As a result, the projections
show fewer installations by Class A customers (compared to those by non-RPP Class B
customers). Additionally, there are generally fewer larger commercial and industrial customers
in the province, which explains why the cumulative installs by Class A customers appear flat in
the study period in Figure 5 (alongside residential installations), despite the average annual
growth of 5.2%.

Residential customers tend to install smaller PV systems (typically lower than 10 kW), so the
number of installations by this group can be considerably higher (given the sheer number of
residential customers) despite middle-of-the-pack capacity projections. Small business
customers also tend to install smaller PV systems, but they face greater financial and
administrative barriers such as access to capital and the structure of leasing agreements
between tenants and landlords. Accordingly, it is anticipated that small business customers will
have considerably fewer installations than residential customers.®

Even though the cumulative installs by commercial and industrial customers are anticipated to
be less than those by residential customers, it is not surprising that they constitute a greater
proportion of installed capacity as they are more likely to invest in larger PV systems.

1.3 Residential Summary

The projections of residential solar PV by cumulative capacity (MW) across the three Scenarios
are depicted in Figure 6 and detailed in Table 5.

6 However, on a per capita basis, the adoption of PV systems by small businesses is projected to be
slightly higher than residential installs.

AVS
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Figure 6. Residential Solar PV — Cumulative Capacity (MW) Projections by Scenario
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Table 5. Residential Solar PV — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2021 234.6 235.5 236.5
2022 239.1 242.1 246.0
2023 245.9 252.5 261.4
2024 255.0 267.8 287.5
2025 265.1 287.2 322.8
2026 278.3 314.7 379.8
2027 291.3 345.0 448.9
2028 307.3 387.2 548.4
2029 321.0 427.3 650.2
2030 337.2 477.3 784.2

The projections of residential solar PV by annual energy output (GWh) across the three
Scenarios are depicted in Figure 7 and detailed in Table 6.

AV
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Figure 7. Residential Solar PV — Annual Energy Output (GWh) Projections by Scenario
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Table 6. Residential Solar PV — Annual Energy Output (GWh) Projections by Scenario

Year Low Mid High

2021 270.4 271.3 272.5
2022 276.9 280.3 284.8
2023 286.0 293.6 303.8
2024 297.9 312.6 335.2
2025 311.0 336.4 377.4
2026 327.6 369.7 4447
2027 344.2 406.3 526.1
2028 364.3 456.7 642.9
2029 381.8 504.9 762.8
2030 402.3 564.8 920.3

The projections of residential solar PV by number of cumulative installations across the three
Scenarios are depicted in Figure 8 and detailed in Table 7.

AVS
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Figure 8. Residential Solar PV — Cumulative Number of Installations Projections by Scenario
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Table 7. Residential Solar PV — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2021 28,378 28,544 28,746
2022 29,265 29,854 30,620
2023 30,556 31,843 33,570
2024 32,281 34,733 38,488
2025 34,153 38,312 45,016
2026 36,530 43,302 55,342
2027 38,846 48,682 67,610
2028 41,631 56,030 84,938
2029 43,965 62,874 102,314
2030 46,688 71,239 124,746

1.4 Small Business Summary

The projections of small business solar PV by cumulative capacity (MW) across the three
Scenarios are depicted in Figure 9 and detailed in Table 8.

’.CF xii
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Figure 9. Small Business Solar PV — Cumulative Capacity (MW) Projections by Scenario
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Table 8. Small Business Solar PV — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2021 41.4 41.5 41.7
2022 42.2 42.7 43.4
2023 43.4 44.6 46.1
2024 45.0 47.3 50.5
2025 46.8 50.5 56.6
2026 49.1 55.3 66.0
2027 51.4 60.6 77.7
2028 54.2 67.9 94.7
2029 56.6 74.9 112.0
2030 59.5 83.6 134.8

The projections of small business solar PV by annual energy output (GWh) across the three
Scenarios are depicted in Figure 10 and detailed in Table 9.

AV
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Figure 10. Small Business Solar PV — Annual Energy Output (GWh) Projections by Scenario
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Table 9. Small Business Solar PV — Annual Energy Output (GWh) Projections by Scenario

Year Low Mid High

2021 47.8 48.0 48.2
2022 49.1 49.8 50.7
2023 50.9 52.5 54.6
2024 53.3 56.4 60.7
2025 56.0 61.0 69.1
2026 59.3 67.7 82.0
2027 62.7 75.0 98.0
2028 66.8 85.2 121.1
2029 70.3 94.9 144.7
2030 74.5 107.0 175.8

The projections of small business solar PV by number of cumulative installations across the
three Scenarios are depicted in Figure 11 and detailed in Table 10.

AVd
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Figure 11. Small Business Solar PV — Cumulative Number of Installations Projections by Scenario
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Table 10. Small Business Solar PV — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2021 4,627 4,657 4,692
2022 4,784 4,888 5,023
2023 5,012 5,239 5,543
2024 5,316 5,749 6,369
2025 5,646 6,351 7,499
2026 6,066 7,220 9,199
2027 6,474 8,156 11,286
2028 6,966 9,435 14,233
2029 7,378 10,627 17,188
2030 7,858 12,083 21,003

1.5 Non-RPP Class B Summary

The projections of non-RPP Class B solar PV by cumulative capacity (MW) across the three
Scenarios are depicted in Figure 12 and detailed in Table 11.
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Figure 12. Non-RPP Class B Solar PV — Cumulative Capacity (MW) Projections by Scenario
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Table 11. Non-RPP Class B Solar PV — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2021 400.1 401.9 403.8
2022 408.5 414.4 421.2
2023 420.1 432.5 450.5
2024 435.0 460.7 498.8
2025 450.6 493.9 561.7
2026 470.0 541.4 659.9
2027 488.3 591.8 774.7
2028 509.9 660.1 935.8
2029 527.4 722.8 1,095.3
2030 547.0 799.1 1,310.4

The projections of non-RPP Class B solar PV by annual energy output (GWh) across the three
Scenarios are depicted in Figure 13 and detailed in Table 12.
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Figure 13: Non-RPP Class B Solar PV — Annual Energy Output (GWh) Projections by Scenario
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Table 12. Non-RPP Class B Solar PV — Annual Energy Output (GWh) Projections by Scenario

Year Low Mid High

2021 535.6 537.9 540.4
2022 549.5 557.3 566.3
2023 567.6 584.3 608.2
2024 590.3 624.7 675.6
2025 614.1 672.1 762.8
2026 643.0 738.6 897.4
2027 670.5 809.5 1,054.8
2028 702.6 904.5 1,274.6
2029 729.4 992.5 1,493.4
2030 759.3 1,099.1 1,787.5

The projections of non-RPP Class B solar PV by number of cumulative installations across the
three Scenarios are depicted in Figure 14 and detailed in Table 13.

AVd
,ICF XVii



Appendices to Ontario DER Impact Study January 18, 2021

Figure 14. Non-RPP Class B Solar PV — Cumulative Number of Installations Projections by Scenario
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Table 13. Non-RPP Class B Solar PV — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2021 2,441 2,452 2,465
2022 2,495 2,533 2,577
2023 2,568 2,648 2,762
2024 2,660 2,822 3,061
2025 2,755 3,023 3,443
2026 2,870 3,306 4,026
2027 2,977 3,600 4,696
2028 3,100 3,990 5,617
2029 3,198 4,341 6,511
2030 3,306 4,761 7,693

1.6 Class A Summary

The projections of Class A solar PV by cumulative capacity (MW) across the three Scenarios
are depicted in Figure 15 and detailed in Table 14.
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Figure 15. Class A Solar PV — Cumulative Capacity (MW) Projections by Scenario
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Table 14. Class A Solar PV — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2021 72.5 72.7 73.0
2022 73.9 74.8 75.8
2023 75.9 77.7 79.8
2024 78.4 81.6 85.8
2025 81l.1 86.0 92.9
2026 84.4 91.6 104.0
2027 87.6 97.3 117.9
2028 91.4 105.1 138.0
2029 94.4 112.0 157.9
2030 98.0 121.1 184.8

The projections of Class A solar PV by annual energy output (GWh) across the three Scenarios
are depicted in Figure 16 and detailed in Table 15.
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Figure 16. Class A Solar PV — Annual Energy Output (GWh) Projections by Scenario

250
230
210
190
170

150

Energy Production (GWh)

130

110

90
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Low Mid High

Table 15. Class A Solar PV — Annual Energy Output (GWh) Projections by Scenario

Year Low Mid High

2021 97.0 97.4 97.8
2022 99.4 100.6 101.9
2023 102.5 104.9 107.8
2024 106.3 110.7 116.3
2025 110.5 117.0 126.3
2026 115.5 125.2 141.8
2027 120.3 133.3 161.0
2028 125.9 144.4 188.6
2029 130.6 154.3 216.0
2030 136.0 167.2 253.0

The projections of Class A solar PV by number of cumulative installations across the three
Scenarios are depicted in Figure 17 and detailed in Table 16.
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Figure 17. Class A Solar PV — Cumulative Number of Installations Projections by Scenario
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Table 16. Class A Solar PV — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2021 133 133 134
2022 136 137 139
2023 139 143 147
2024 144 150 158
2025 149 158 171
2026 155 168 190
2027 160 178 215
2028 167 191 249
2029 172 203 282
2030 178 218 326

2. Energy Storage

2.1 Scenario Summary — Additional Metric

The projections of energy storage annual net energy charging impact (MWh) across the three
Scenarios are depicted in Figure 18 and detailed in Table 17.
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Figure 18. Energy Storage — Annual Net Energy Charging Impact Output (MWh) and CAGR (%)
Projections by Scenario
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Table 17. Energy Storage — Annual Net Energy Charging Impact Output (MWh) Projections by Scenario

Year ___High
2021 34,399.0 35,127.4 36,520.9
2022 34,359.8 36,689.9 41,747.9
2023 34,789.9 39,118.6 47,7731
2024 35,269.0 41,808.2 54,925.0
2025 35,826.9 44,900.5 63,649.1
2026 35,803.2 48,355.4 74,045.8
2027 35,781.6 52,081.9 85,980.9
2028 35,814.3 56,351.3 103,849.0
2029 35,863.8 60,909.6 124,912.7
2030 35,951.0 66,043.3 150,511.7

The energy outputs generally follow the trajectories of the provincial cumulative capacity
projections as storage energy output is dependent on a system’s energy capacity. While similar
system sizes were assumed across Scenarios, the differences in net energy impact values
across the Scenarios arise due to variations in projections of installed capacity. Battery storage
output represents an increase in load from a system perspective. While batteries charge at their
full rated energy capacity, some energy is lost due to round-trip efficiency losses during a
discharge cycle. Consequently, the discharging energy is lower than the charging energy. While
the modeling does assume some annual degradation in storage energy output due to natural
wear and tear, the energy output from annual incremental installations offsets the lost storage
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production. As a result, the charts show a positive slope for energy output across all Scenarios
— although that slope is very flat in the Low Scenario and does indicate some years of
regression.

2.2 Customer Class Comparison

Because of the number of combinations that result from four customer classes, three Scenarios,
and three metrics, the summaries in this section are only for the Mid Scenario. The full extent of
Scenario projections by customer class can be found in the sections that follow.

The projections of cumulative energy storage capacity (MW) across the four customer classes
are depicted in Figure 197 and Figure 208 and detailed in Table 18 for the Mid Scenario. Battery
storage energy capacity (MWh) scales at a similar rate to power capacity as the kWh/ kW ratio
and battery durations remain unchanged for each of the customer classes over the duration of
the study period (4 hours for residential, small business and non-RPP Class B customers and 2
hours for Class A customers).

Figure 19. Energy Storage — Mid Scenario Cumulative Capacity (MW) and CAGR (%) Projections by
Customer Class
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7 Please note the two different scales in play, which is due to the level of Non-RPP Class B capacity so
greatly exceeding that of the other two customer classes included in the chart

8 Because of the vastly different scales, it was necessary to present Class A separately from the other
three customer classes
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Figure 20. Energy Storage — Mid Scenario Class A Cumulative Capacity (MW) and CAGR (%) Projection
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Table 18. Energy Storage — Mid Scenario Cumulative Capacity (MW) Projections by Customer Class

Small Non-RPP

Year Business Class B SEDLS

2021 0.47 0.05 9.0 453.6
2022 0.51 0.06 9.0 486.4
2023 0.57 0.06 9.0 531.7
2024 0.63 0.07 9.0 581.2
2025 0.71 0.07 9.3 635.3
2026 0.81 0.08 9.7 695.1
2027 0.92 0.09 10.1 761.1
2028 1.04 0.10 10.6 833.7
2029 1.19 0.11 11.0 913.6
2030 1.37 0.12 12.3 1001.7

The span of CAGRs (as measured by cumulative MW capacity growth) for residential storage in
these projections ranges from 4.1% in the Low Scenario up to 25.2% in the High Scenario over
the study period. By comparison,® from 2012 to 2017 the national CAGR for equivalent
residential storage installations in the United States was 187.0%.%° However, there was wide
divergence among U.S. states during that period, with CAGRs ranging from 62.4% (New York)
up through 134.5% (Hawaii) and even all the way to 404.6% (California). It should be noted that

9 The same caveats about the limitations of historical growth rates as reliable indicators of future growth
rates, as well as the limitations of comparing different regions, described above in Section I11.2.1, apply
here as well.

10 All growth rates used as comparison derived from: Wood Mackenzie Power and Renewables and
SEIA, US Solar Market Insight Full Report, March 2019.

Ay
’IC F XXV



Appendices to Ontario DER Impact Study January 18, 2021

extremely high CAGRs could also be indicative of very rapid DER growth from a relatively low
starting value or baseline.

While non-residential customers make for a harder comparison (because the definitions of
different commercial and industrial classes vary more by jurisdiction), these same general
comparisons hold for the other customer classes as well. The span of CAGRs for non-RPP
Class B storage in these projections ranges from 0.3% in the Low Scenario up to 8.3% in the
High Scenario over the study period, while Class A projections range from 3.0% to 17.3% over
the study period. From 2012 to 2017, the national non-residential storage CAGR in the United
States was 134.2%. As with residential customers, though, the commercial and industrial
CAGRS for this period varied widely in the U.S., ranging from rates such as 20.7% (PJM,
excluding New Jersey) and 45.3% (New Jersey) up to 74.6% (New York) and 134.4%
(California).

The projected energy storage CAGRs by customer class for the Mid Scenario are broken down
further into shorter timeframes in Figure 21 below.!

Figure 21. Energy Storage — Mid Scenario Compound Annual Growth Rate (%) Projections by Timeframe
and Customer Class

11.0%
9.8% g3y
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Residential M Small Business M MNon-RPP ClassB B Class A

As with the combined storage Scenarios, all four customer classes are projected to experience
growth that accelerates as the Study period unfolds. However, as can be seen above, the
growth rates themselves diverge somewhat dramatically. Non-RPP Class B customers in
particular stand out as a laggard group, due primarily to the relatively poor storage project
economics for this class. At present, non-RPP Class B customers can primarily utilize storage
as an arbitrage asset and to serve as a source of backup power. However, the economic
benefits from these value streams are not adequately rich enough when compared to the costs

11 Please see footnote 4 above
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of purchasing and connecting storage. Nevertheless, ongoing efforts to remove barriers for
participation of DER in the IAMs'? as well as falling technology costs are likely to result in some,
albeit few, storage installations by non-RPP Class B customers.

The projections of energy storage annual net energy charging impact (MWh) across the four
customer classes are depicted in Figure 2212 and Figure 234 and detailed in Table 19.

Figure 22. Energy Storage — Mid Scenario Annual Net Energy Charging Impact Output (MWh) and CAGR
(%) Projections by Customer Class
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12

IESO, Draft Report Exploring Expanded DER Participation in the IESO-Administered Markets — Part Il
Options to Enhance DER Participation, 2020. Available online: https://www.ieso.ca/-
[media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-
Participation-20201110.ashx.

13 Please note the two different scales in play, which is due to the level of Non-RPP Class B net energy
charging impact so greatly exceeding that of the other two customer classes included in the chart

14 Because of the vastly different scales, it was necessary to present Class A separately from the other
three customer classes

A
/ICF XXVi


https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-Participation-20201110.ashx
https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-Participation-20201110.ashx
https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-Participation-20201110.ashx

Appendices to Ontario DER Impact Study January 18, 2021

Figure 23. Energy Storage — Mid Scenario Class A Annual Net Energy Charging Impact Output (MWh)
and CAGR (%) Projection
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Table 19. Energy Storage — Mid Scenario Annual Net Energy Charging Impact Output (MWh) Projections
by Customer Class

Small Non-RPP

Year Business Class B SEEHLS

2021 47.9 5.3 1,276.0 33,798.2
2022 50.7 5.5 1,237.7 35,395.9
2023 54.7 5.8 1,200.6 37,857.5
2024 59.0 6.1 1,164.6 40,578.5
2025 65.3 6.6 1,170.0 43,658.5
2026 72.4 7.1 1,188.1 47,087.8
2027 80.4 7.7 1,207.3 50,786.4
2028 89.4 8.3 1,227.7 55,025.9
2029 99.5 9.0 1,248.9 59,552.2
2030 112.2 9.9 1,360.7 64,560.5

The net energy impact for the projects follow a similar trajectory across customer classes apart
from non-RPP Class B customers. For this customer class, the net energy impact is projected to
briefly decrease in the first half of the study period. Non-RPP Class B customers are not
projected to install any new assets in those years and the energy capacity of existing storage
devices reduces due to wear and tear and degradation (an energy capacity degradation rate of
3% per year for storage was assumed). As a result, the available energy capacity from installed
assets is reduced. The net energy impact increases in the later years of the study period for
non-RPP Class B customers as new devices are installed.
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The projections of cumulative energy storage installations across the four customer classes are
depicted in Figure 24 and detailed in Table 20.

Figure 24. Energy Storage — Mid Scenario Cumulative Number of Installations Projections and CAGR (%)
by Customer Class
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Table 20. Energy Storage — Mid Scenario Cumulative Number of Installations Projections by Customer
Class

Year

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

94
103
113
125
140
157
177
199
223
253

Small
Business

10
11
12
13
14
16
17
19
21
23

Non-RPP
Class B

O O O O

9
10
10
10
11
12

Class A

181
194
212
230
250
272
295
321
348
378

The Mid Scenario projects a steady increase in cumulative storage capacity and cumulative
installations in the 2021-2023 period across all customer classes except for non-RPP Class B.
Adoption rates increase slightly in the 2023-2026 timeframe as the technology matures and
there is one additional non-RPP Class B installation. Adoption rates increase slightly again in
the 2026-2030 period, and the projections show more than 1,000 MW of battery energy storage
capacity in Ontario at the end of 2030.
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For residential and small business customers, the opportunity to use storage as an energy
arbitrage tool between on- and off-peak times in conjunction with rapidly dropping technology
costs are the primary drivers for increased storage adoption. As a simplifying assumption,
battery energy is assumed to only serve a customer’s native load (reducing electricity
purchases) and does not export to the grid under a net-metering type of arrangement. It is
anticipated that size thresholds and other participation requirements (such as telemetry and
metering conditions) will likely preclude the participation of individual residential and small
business customers in the IAMs across Scenarios. It is also assumed that initiatives like IESO’s
Sector Evolution and White Paper Series *° as well as the IESO Capacity Auction® are likely to
result in new opportunities for project developers to bid DER aggregations into the IAMs. ICF
incorporated this assumption in the second half of the study period in the High Scenario.
Furthermore, in the High Scenario, ICF assumed that distribution companies include storage as
part of pilots and non-wires alternatives solutions. These factors contribute to increased storage
uptake.

As noted above, there are significant challenges to non-RPP Class B adoption of storage, but
some projects could emerge. For Class A customers, participation in the industrial conservation
initiative (ICI) to reduce GA charges is a lucrative value stream and the strongest incentive for
storage adoption. Project economics for Class A customers are very favourable, contributing to
higher adoption rates relative to non-RPP Class B customers. It is also expected that both Class
A and non-RPP Class B customers will use storage assets as sources of backup power.

2.3 Residential Summary

The projections of residential energy storage by cumulative capacity (MW) across the three
Scenarios are depicted in Figure 25 and detailed in Table 21.

15 For example, the IESO is assessing barriers and seeking to expand DER participation in the IAMs.
More information is provided in the whitepapers:

Exploring Expanded DER Participation in the IESO-Administered Markets. Part-1: Conceptual Models for
DER Participation. Available online: https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-
papers/White-paper-series-Conceptual-Models-for-DER-Participation.ashx

Exploring Expanded DER Participation in the IESO-Administered Markets. Part-1l: Options to Enhance
DER Participation. Available online: https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-
papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-Participation-20201110.ashx

More information is also available on the IESQO’s Innovation and Sector Evolution White Paper Series
Page. Available online: https://www.ieso.ca/en/Sector-Participants/Engagement-
Initiatives/Engagements/Innovation-and-Sector-Evolution-White-Paper-Series

16 There may be a need to review and introduce market design changes (such as modifying the
dispatchability requirements for aggregation rules) in the Capacity Auction to allow the participation of
DER aggregators. Any such changes will likely not occur until the implementation of the Market Renewal
Program. More information can be found here: Capacity Auction (ieso.ca) and here:
https://www.ieso.ca/-/media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-
Options-to-Enhance-DER-Participation-20201110.ashx
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Figure 25. Residential Energy Storage — Cumulative Capacity (MW) Projections by Scenario
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Table 21. Residential Energy Storage — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2020 0.46 0.46 0.46
2021 0.47 0.47 0.50
2022 0.48 0.51 0.58
2023 0.50 0.57 0.70
2024 0.53 0.63 0.86
2025 0.55 0.71 1.08
2026 0.57 0.81 1.40
2027 0.60 0.92 1.85
2028 0.63 1.04 2.45
2029 0.66 1.19 3.26
2030 0.69 1.37 4.34

The projections of residential energy storage by annual net energy charging impact (MWh)
across the three Scenarios are depicted in Figure 26 and detailed in Table 22.
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Figure 26. Residential Energy Storage — Annual Net Energy Charging Impact Output (MWh) Projections
by Scenario
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Table 22. Residential Energy Storage — Annual Net Energy Charging Impact Output (MWh) Projections

by Scenario

Year Low Mid High

2020 47.8 47.8 47.8
2021 47.4 47.9 50.4
2022 47.4 50.7 57.7
2023 48.2 54.7 68.0
2024 49.0 59.0 81.3
2025 49.8 65.3 100.3
2026 50.6 72.4 127.0
2027 51.5 80.4 165.3
2028 52.4 89.4 215.3
2029 53.3 99.5 280.7
2030 54.3 112.2 366.3

The projections of residential energy storage by number of cumulative installations across the
three Scenarios are depicted in Figure 27 and detailed in Table 23.
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Figure 27. Residential Energy Storage — Cumulative Number of Installations Projections by Scenario
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Table 23. Residential Energy Storage — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2020 92 92 92
2021 94 94 99
2022 96 103 116
2023 100 113 139
2024 105 125 169
2025 109 140 210
2026 114 157 267
2027 118 177 347
2028 123 199 453
2029 128 223 590
2030 133 253 770

2.4 Small Business Summary

The projections of small business energy storage by cumulative capacity (MW) across the three
Scenarios are depicted in Figure 28 and detailed in Table 24.
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Figure 28. Small Business Energy Storage — Cumulative Capacity (MW) Projections by Scenario
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Table 24. Small Business Energy Storage — Cumulative Capacity (MW) Projections by Scenario

Year
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Low
0.05
0.05
0.05
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07

Mid

0.05
0.05
0.06
0.06
0.07
0.07
0.08
0.09
0.10
0.11
0.12

High
0.05
0.05
0.06
0.07
0.09
0.11
0.13
0.17
0.21
0.27
0.34

The projections of small business energy storage by annual net energy charging impact (MWh)

across the three Scenarios are depicted in Figure 29 and detailed in Table 25.
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Figure 29. Small Business Energy Storage — Annual Net Energy Charging Impact Output (MWh)
Projections by Scenario
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Table 25. Small Business Energy Storage — Annual Net Energy Charging Impact Output (MWh)
Projections by Scenario

Year Low Mid High

2020 5.3 5.3 5.3
2021 5.3 5.3 55
2022 5.3 5.5 6.2
2023 5.3 5.8 7.1
2024 5.4 6.1 8.2
2025 5.5 6.6 9.7
2026 5.6 7.1 11.8
2027 5.6 7.7 14.8
2028 5.7 8.3 18.4
2029 5.8 9.0 23.1
2030 5.9 9.9 28.8

The projections of small business energy storage by number of cumulative installations across
the three Scenarios are depicted in Figure 30 and detailed in Table 26.
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Figure 30. Small Business Energy Storage — Cumulative Number of Installations Projections by Scenario
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Table 26. Small Business Energy Storage — Cumulative Number of Installations Projections by Scenario

Year Low Mid High

2020 10 10 10
2021 10 10 11
2022 11 11 12
2023 11 12 14
2024 12 13 17
2025 12 14 20
2026 12 16 25
2027 13 17 31
2028 13 19 39
2029 14 21 49
2030 14 23 62
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2.5 Non-RPP Class B Summary

The projections of non-RPP Class B energy storage by cumulative capacity (MW) across the
three Scenarios are depicted in Figure 31 and detailed in Table 27.

Figure 31. Non-RPP Class B Energy Storage — Cumulative Capacity (MW) Projections by Scenario
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Table 27. Non-RPP Class B Energy Storage — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2020 9.0 9.0 9.0
2021 9.0 9.0 9.0
2022 9.0 9.0 9.0
2023 9.0 9.0 9.5
2024 9.0 9.0 10.0
2025 9.0 9.3 10.5
2026 9.0 9.7 11.9
2027 9.0 10.1 13.6
2028 9.0 10.6 15.4
2029 9.2 11.0 17.5
2030 9.3 12.3 19.9

The projections of non-RPP Class B energy storage by annual net energy charging impact
(MWh) across the three Scenarios are depicted in Figure 32 and detailed in Table 28.
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Figure 32. Non-RPP Class B Energy Storage — Annual Net Energy Charging Impact Output (MWh)
Projections by Scenario
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Table 28. Non-RPP Class B Energy Storage — Annual Net Energy Charging Impact Output (MWh)
Projections by Scenario

Year Low Mid High

2020 1,315.5 1,3155 1,3155
2021 1,276.0 1,276.0 1,276.0
2022 1,237.7 1,237.7 1,237.7
2023 1,200.6 1,200.6 1,267.0
2024 1,164.6 1,164.6 1,298.2
2025 1,129.6 1,170.0 1,331.7
2026 1,095.7 1,188.1 1,479.5
2027 1,062.9 1,207.3 1,645.2
2028 1,031.0 1,227.7 1,831.0
2029 1,019.3 1,248.9 2,038.9
2030 1,008.0 1,360.7 2,272.1

The projections of non-RPP Class B energy storage by number of cumulative installations
across the three Scenarios are depicted in Figure 33 and detailed in Table 29.

,l C F XXXVii



Appendices to Ontario DER Impact Study January 18, 2021

Figure 33. Non-RPP Class B Energy Storage — Cumulative Number of Installations Projections by
Scenario
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Table 29. Non-RPP Class B Energy Storage — Cumulative Number of Installations Projections by

Scenario

Year Low Mid High

2020 9 9 9
2021 9 9 9
2022 9 9 9
2023 9 9 9
2024 9 9 10
2025 9 9 10
2026 9 10 12
2027 9 10 13
2028 9 10 15
2029 9 11 17
2030 9 12 19
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2.6 Class A Summary

The projections of Class A energy storage by cumulative capacity (MW) across the three
Scenarios are depicted in Figure 34 and detailed in Table 30.

Figure 34. Class A Energy Storage — Cumulative Capacity (MW) Projections by Scenario
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Table 30. Class A Energy Storage — Cumulative Capacity (MW) Projections by Scenario

Year Low Mid High

2020 436.0 436.0 436.0
2021 444.3 453.6 4715
2022 456.8 486.4 550.7
2023 475.5 531.7 643.2
2024 495.0 581.2 752.3
2025 515.3 635.3 881.7
2026 528.5 695.1 1,034.0
2027 542.1 761.1 1,213.5
2028 556.0 833.7 1,467.5
2029 570.3 913.6 1,776.0
2030 585.0 1,001.7 2,151.1

The projections of Class A energy storage by annual net energy charging impact (MWh) across
the three Scenarios are depicted in Figure 35 and detailed in Table 31.
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Figure 35. Class A Energy Storage — Annual Net Energy Charging Impact Output (MWh) Projections by
Scenario
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Table 31. Class A Energy Storage — Annual Net Energy Charging Impact Output (MWh) Projections by

Year
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Scenario

Low Mid

33,427.7 33,427.7
33,070.4 33,798.2
33,069.4 35,395.9
33,535.8 37,857.5
34,050.1 40,578.5
34,642.0 43,658.5
34,651.3 47,087.8
34,661.7 50,786.4
34,725.2 55,025.9
34,785.4 59,552.2
34,882.7 64,560.5

High
33,427.7
35,188.9
40,446.3
46,431.1
53,537.3
62,207.5
72,427.3
84,155.6
101,784.2
122,570.0
147,844.6

The projections of Class A energy storage by number of cumulative installations across the
three Scenarios are depicted in Figure 36 and detailed in Table 32.
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Figure 36. Class A Energy Storage — Cumulative Number of Installations Projections by Scenario
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Table 32. Class A Energy Storage — Cumulative Number of Installations Projections by Scenario
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Year
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Low

174
178
183
190
197
205
209
214
219
224
229

xli

Mid

174
181
194
212
230
250
272
295
321
348
378

High

174
189
220
255
296
344
399
463
552
657
782
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Il. Appendix B — Parameter Detail

1. Technology

The study considers two of the most common DER technologies that can inject power into the
distribution system, solar PV and battery energy storage, for the following reasons. Unlike
traditional energy efficiency (EE) and demand response (DR) measures, these injecting
resources have a greater impact on system planning and operations. For example, solar PV is a
resource whose output is correlated with weather and solar irradiation. Consequently, planners
must develop detailed weather and PV output forecasts to understand the impact and
contribution of solar PV to serving system load. Furthermore, distribution circuits have not
typically been designed to accommodate generation resources and the two-way power flows
introduced by DER such as solar PV and storage injecting power into the system at the grid
edge. This can have impacts on voltage and power quality, which has implications for the safe
and reliable provision of electricity to customers. Enhanced standards, connection rules and
new technologies (such as smart inverters) can streamline the integration of injecting resources
into the distribution system.

With respect to battery storage, the Study only considered electrochemical battery storage
technology. Lithium-ion batteries form the majority of current global and Ontario energy storage
deployments and is likely to remain the dominant chemistry going forward. Nonetheless, our
analysis is chemistry-agnostic and the variation in capital costs across the three adoption
Scenarios can capture the emergence and popularity of new chemistries. The study did not
consider pumped hydro storage (PHS) and compressed air energy storage (CAES) as these are
physically large resources subject to siting restrictions, are utility-scale resources, and are
unlikely to serve individual customers. Thermal energy storage (TES) does not commonly inject
power into the grid unless a molten salt storage system is coupled with a concentrated solar PV.

The study did not consider co-located PV+storage systems; i.e., the study considered
standalone PV and standalone storage systems. For residential and small business customers,
installing PV+storage would be financially attractive if customers were on TOU rates, were
subject to demand charges, or customers received NEM compensation at a value lower than
the retail rate. In each of these cases, customers could use onsite solar PV to charge their
battery systems and then withdraw the energy when grid retail rates were higher, thus reducing
their total bill. Customers would consume energy from the grid only at times when PV
production was not sufficient to meet demand and/or grid rates were lower. However, in Ontario,
NEM has historically been the most prominent incentive for PV and storage adoption.
Residential NEM customers are also compensated at the retail rate and are not subject to
demand charges. Nonetheless, while the economic case for PV+storage for residential and
small business customers is weak, there might be a few specific instances of adoption of these
systems in conjunction with one another.

Regarding non-RPP Class B and Class A customers, the PV+storage assets installed by these
customers are likely to be much larger in size and would constitute a large capital investment.
From a customer viewpoint, the added advantage of PV+storage would be an improved ability
to reduce energy costs. Nonetheless, to save energy costs, customers within both classes
would need to forecast wholesale prices accurately to coordinate battery charging behavior,
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such that PV is used to charge storage during the low-priced hours. The lucrativeness of this
value stream relative to revenue streams from standalone asset deployment (such as the ability
to reduce demand charges or Global Adjustment charges) is also likely to depend heavily on
individual customers’ load profiles and site characteristics. The framework developed within the
context of this Study provides a more generalized approach that could capture the diversity in
non-RPP Class B and Class A customers in Ontario.

The sources and inputs for technology costs are shown in the table below.

Table 33. Technology Cost Inputs

Scenario

Solar ][\(J)chl'a';TB 2020 Conservative NREL ATB 2020 Moderate forecast| NREL ATB 2020 Advanced forecast

Wood Mackenzie Research High Wood Mackenzie Research Mid Wood Mackenzie Research Low

Sl O Cost Case Cost Case Cost Case

2. Value Streams

Customers derive value from DER in different ways, depending on how the technology can
perform, what value streams it is eligible for, and what kinds of customer costs might be offset.
The value streams in this Study were held constant for each technology for each of the
Scenarios; their magnitude, of course, differed depending on other factors, such as rates. The
key value streams, which were applied to specific technologies and customer classes, were:

= Avoided energy costs. This category consists of two sub-categories:

e Bill savings for customers who adopt PV or storage. DER can
reduce the amount of energy customers need to purchase from
the grid, reducing their energy costs.

e Avoided GA charges for Class A customers who adopt storage.
Class A customers can use storage to reduce their consumption
during system peaks, thus reducing their GA charges.

= Wholesale market energy revenues
= Backup power

Other value streams that were less readily quantifiable were incorporated via the Market
Adjustment Factor or the Policy Adjustment Factor. The calculated value streams represented
the potential range of revenues that PV and storage can earn, both theoretical and currently
monetizable. The value streams were defined such that no overlaps exist between them.
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Not all value streams are equally relevant for each technology or customer class. The table
below depicts which value streams were assumed to be applicable to each customer class by
technology.

Table 34. Customer Value Stream Assumptions — All Scenarios

Avoided Global
Adjustment
Charges

Backup Power

i ToU Bill
Technology | Customer Class e

Residential & Small v
Business

Storage Non-RPP Class B

Class A v v v

3. Tariffs and Prices

Tariffs and rates provide an indication of the magnitude of each value stream that can be
accessed by a customer adopting a certain DER technology. For example, a wide spread
between on- and off-peak TOU rates may indicate an opportunity for energy arbitrage by a
storage device while very high volumetric retail rates could make solar PV an attractive option
for a customer via a NEM tariff. Tariffs can provide a powerful economic signal and act in
conjunction with capital costs to incentivize or disincentivize resource adoption.

The baseline HOEP and GA rates are the pre-COVID-19 rates from 2019 but with reduced GA
rates for both non-RPP Class B and Class A customers as per the 2020 Ontario Budget
Announcement. Based on the illustrative examples provided in the Budget, this translates into a
22% and a 23% reduction in GA rates for Class A and non-RPP Class B rates, respectively. It is
assumed that this persists for the duration of the study period.

Forward-looking variations between the Low, Mid, and High Scenarios are handled via the
mechanisms described in the projection methodology. The Mid Scenario assumed that tariffs
would continue to escalate at rates based on historical precedent and projections from Ontario’s
2017 LTEP. The Study assumed that the tariffs in the Low Scenario are lower than the Mid
(hence reducing the incentive to offset energy purchases from the grid) while rates in the High
Scenario are higher (increasing the incentive to self-consume energy from DER and reduce grid
electricity purchases).

The price growth assumptions for solar PV and storage for commercial and industrial customers
are the inverse of each other. For solar PV in the Low Scenario, and for storage in the High
Scenario, the changes in HOEP and GA rates for non-RPP Class B and Class A customers are
assumed to be 80% of the average forecasted changes in HOEP and GA rates from 2021-2030
as described in the LTEP 2017 projections. Furthermore, for solar PV in the High Scenario, and
for storage in the Low Scenario, the changes in HOEP and GA rates for non-RPP Class B and
Class A customers are assumed to be 120% of the average forecasted changes in HOEP and
GA rates from 2021-2030 as described in the LTEP 2017 projections. This is because the LTEP
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projections indicate a decline in GA costs over time. Hence, applying a high growth rate (120%)
to the decreasing trend in GA costs would have meant that the GA costs in the High Scenario
would have been lower and decreasing at a faster rate than the GA costs in the Low Scenario.
This is a counterintuitive assumption from the perspective of storage economics and adoption.
However, for solar PV, project economics are dependent on both HOEP and GA charges. All
else being equal, higher electric rates are more conducive to PV adoption. As overall prices
increase (primarily due to changes in HOEP), the price growth assumptions of 80% of baseline
(for the Low Scenario) and 120% of baseline (for the High Scenario) were maintained for solar
PV. For this reason, the price growth rate assumptions for solar PV and storage are the inverse
of each other.

Table 35. Residential Tariff and Price Assumptions

Scenario

RPP supply costs increase annually at
rates similar to the rate of change in
HOEP and GA components per the LTEP
2017 projections. The projections
indicate an increase in HOEP and a
decrease in GA costs. The baseline ToU
rates for residential customers used to
RPP Bills & i ' calculate the projections are the _
Supply Incrgase ann_ually at 8QA> of the escalation Novembe_r 2020 rates and_th_e baseolme
Costs rate in the Mid scenario rates. OER applied to the RPP bill is 33.2%. The

impact of the OER was reduced in the
projections to account for the lower GA
rates (due to the GA decrements as per
the 2020 Ontario Budget Announcement
as well as the application of LTEP
assumptions) by a proportion that
ensured that the total RPP bills were still
increasing at 2% per year.

Increase annually at 120% of the
escalation rate in the Mid scenario rates.

Distribution

Costs Increase by 2% annually during the study period, using November 2020 data as the baseline.
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Table 36. Commercial & Industrial Tariff and Price Assumptions

Baseline (for
both solar
and
storage)

Solar

Storage

Baseline assumptions for HOEP and GA
values are the same as in the Mid
scenario, with the same reductions in GA
rates and including persistence for the
duration of the study period. Forward-
looking variations between Mid and Low
are handled via the mechanisms desribed
in the projection methodology.

The baseline HOEP and GA rates are the
pre-COVID-19 rates from 2019 but with
reduced GA rates for both non-RPP Class
B and Class A customers as per the 2020
Ontario Budget Announcement. Based
on the illustrative examples provided in
the Budget, this translates into a 22% and
a 23% reduction in GA rates for Class A
and non-RPP Class B rates, respectively. It
is assumed that this persists for the
duration of the study period.

Baseline assumptions for HOEP and GA
values are the same as in the Mid
scenario, with the same reductions in GA
rates and including persistence for the
duration of the study period. Forward-
looking variations between Mid and High
are handled via the mechanisms
described in the projection
methodology.

The changes in HOEP and GA rates for
non-RPP Class B and Class A are assumed
to be 80% of the rate of average
forecasted changes in the HOEP and GA
rates from 2021-2030 in the LTEP 2017.
The analysis assumes that the ICI hiatus
will terminate at the end of 2020. Baseline
years for HOEP and GA values are the
same as in the Mid scenario.

The changes in HOEP and GA rates for
non-RPP Class B and Class A are assumed
to be 120% of the rate of average
forecasted changes in the HOEP and GA
rates from 2021-2030 in the LTEP 2017.
The analysis assumes that the ICI hiatus
will terminate at the end of 2020. Baseline
years for HOEP and GA values are the
same as specified in the Mid scenario.

HOEP and GA rates for non-RPP Class B
and Class A vary annually at the average
annual % change of forecasted rates from
2021-2030 in the LTEP 2017. The baseline
HOEP and GA rates used to calculate the
increases are the pre-COVID-19 rate from
2019. The analysis assumes that the ICI
hiatus will terminate at the end of 2020.

The changes in HOEP and GA rates for
non-RPP Class B and Class A are assumed
to be 120% of the rate of average
forecasted changes in the HOEP and GA
rates from 2021-2030 in the LTEP 2017.
The analysis assumes that the ICl hiatus
will terminate at the end of 2020. Baseline
years for HOEP and GA values are the
same as in the Mid scenario.

The changes in HOEP and GA rates for
non-RPP Class B and Class A are assumed
to be 80% of the rate of average
forecasted changes in the HOEP and GA
rates from 2021-2030 in the LTEP 2017.
The analysis assumes that the ICl hiatus
will terminate at the end of 2020. Baseline
years for HOEP and GA values are the
same as in the Mid scenario.

4. COVID-19

As noted previously, ICF’s assumptions related to the impact of the COVID-19 pandemic on
DER adoption were informed by insights from London Economics International, which is
conducting a COVID-19 Impact Study for the OEB as part of the Utility Remuneration and
Responding to Distributed Energy Resources initiatives.'” ICF varied these adjustments by
Scenario based on a likely timeline for vaccine development, distribution, and the inoculation of
the provincial population.*® Accordingly, the Low Scenario considered a slow vaccination
scenario, the Mid Scenario a relatively faster vaccination scenario, and the High Scenario
incorporated the most rapid scenario.

The specific assumptions are shown in the table below.

17 See https://www.oeb.ca/sites/default/files/Itr-utility-remuneration-20200924. pdf

18 These assumptions were informed by insights from London Economics International, which conducted
a COVID-19 Impact Study for the OEB as part of the Utility Remuneration and Responding to Distributed
Energy Resources initiatives; see https://www.oeb.ca/sites/default/files/LEI COVID-

19 impact study 20201216.pdf
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Scenario

Milestones

Table 37. COVID-19 Assumptions

Low

* Q3 2021: Approval of a
somewhat to passably effective
vaccine

* 03 2022: Roll-out, distribution,
and delivery complete (by end
of Q)

Mid
* Q2 2021: Approval of a
moderately to largely effective
vaccine
e Q1 2022: Roll-out, distribution,
and delivery complete (by end
of Q)

January 18, 2021

High
* Q12021: Approval of a fully
(i.e., almost entirely) effective
vaccine
® Q3 2021: Roll-out, distribution,
and delivery complete (by end
of Q)

Effects

* Q1-Q3 2021: Severely
dampened adoption rates

e Q4 2021-Q2 2022: Moderately
dampened adoption rates

e Q3-Q4 2022: Somewhat
dampened adoption rates as
consumer confidence begins to
return

¢ Q12023 onward: "Normal"
adoption rates for the scenario,
but based off of an extensively
reduced 2021 and somewhat to
fairly reduced 2022; extensive
permanent demand reduction
(the "90% economy")

* Q1-Q2 2021: Severely
dampened adoption rates

* Q3-Q4 2021: Moderately
dampened adoption rates

e Q1-Q2 2022: Somewhat
dampened adoption rates as
consumer confidence begins to
return

* Q3 2022 onward: "Normal"
adoption rates for the scenario,
but based off of a fairly reduced
2021; some permanent demand
reduction

* Q12021: Severely dampened
adoption rates

e Q2 2021: Moderately
dampened adoption rates

e Q3-Q4 2021: Somewhat
dampened adoption rates as
consumer confidence begins to
return

e Q12022 onward: "Normal"
adoption rates for the scenario,
but based off of a somewhat
reduced 2021; no or very little
permanent demand reduction

5. Policy

In addition to price signals from technology costs and tariffs, policy mechanisms can also act as
strong enablers or deterrents for DER adoption. Clear rules and regulations set forth by
policymakers can provide transparency and confidence to project developers and customers
and provide the foundation for long-term decisions.

The core economic analysis at the heart of both the solar and storage projection models
incorporated two key policy factors:

e Variances in the timing of the integration of distribution-connected resources into the
IAMs as a result of the IESO addressing current participation barriers.

While all three Scenarios assume that the Market Renewal Program (MRP)*°
initiatives are put in place by 2023, they differ in terms of when distributed
solar PV and battery energy storage resources are assumed to be able to
actually access wholesale market revenues more substantially (see Appendix
B for more information)
Unlike the Low and Mid Adoption Scenarios, the High Scenarios assumes
some of the barriers to participation in IESO’s Administered Markets are
addressed within the study period (for instance, reducing the minimum
threshold and improving registration processes)

(0}

19 Any changes to market design rules to accommodate integration of DERs in the IAMs will likely not

occur before the implementation of the MRP. More information can be found here: https://www.ieso.ca/-
/media/Files/IESO/Document-Library/White-papers/White-Paper-Series-Part-2-Options-to-Enhance-DER-
Participation-20201110.ashx.
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e Variances in NEM compensation

o] The Scenarios also vary in terms of NEM compensation. The Ontario
government issues a formula for NEM compensation that LDCs are required
to follow, although the individual applications of it may depend on LDC-
specific charges and therefore likely vary from LDC to LDC. Therefore, NEM
compensation is at least partially a policy issue.

o] The Mid Scenario assumes that NEM compensation continues at the status
guo — i.e., compensation for export at the retail rate. In the Low and High
Scenarios, the compensation is assumed to be lower and higher,
respectively, and thus has an accelerating or dampening impact on adoption.

Note that the policy assumptions below only account for one key known initiative related to
wholesale markets, and that even then only one wholesale market value stream (energy market
revenues) is incorporated into the core economic modeling. Other wholesale market value
streams (capacity market revenues, operating reserve revenues, and regulation revenues), as
well as other future policy changes, are accounted for via the Policy Adjustment Factor (see
Appendix C). The one other policy-impacted factor is NEM compensation, which was handled
via the tariffs and prices assumptions above.

Table 38. Policy Assumptions

The Market Renewal Program
(MRP) initiatives are put in place
by 2023 and integration of
distribution connected resources
into wholesale markets takes a
further six years (i.e., occurring in
2029).

MRP initiatives are put in place
by 2023 and integration of
distribution connected resources
into wholesale markets takes a
further three years (i.e.,
occurring in 2026).

MRP initiatives are put in place
by 2023 and integration of
distribution connected resources
takes one additional year (i.e.,
occurring in 2024).

xIviii



Appendices to Ontario DER Impact Study January 18, 2021

lll.Appendix C — Supplemental Methodology Detail

1. General Approach

ICF’s approach to developing 10-year projections for solar PV and storage by customer class
for Ontario included a multi-step, iterative process that resulted in projected values for annual
and cumulative installed capacity.

1.1 Metrics

The following primary metrics were reported:

e Capacity
0 The rated generating capacity of the systems installed in Ontario and measured
in kW and MW. This is shown separately for PV and storage capacity for more
detailed analysis.
0 The cumulative generating capacity by technology is calculated in the projection
models and presented in charts.
e Installations
0 The number of systems (of both technology types) installed in Ontario over the
projection period.
0 This metric is calculated in the projection models and presented in charts on a
cumulative basis.

A third set of metrics were calculated, including: Energy Output and Net Energy Charging
Impact.

e The energy output metric is applicable only to solar PV installations. This metric
indicates the energy produced by solar PV during the projection period and is measured
in GWh.

0 As solar PV is an energy generating resource, the energy output from solar PV
reduces the overall energy requirement for utilities in Ontario and customers.

0 The annual energy output by technology is calculated in the projection models
based on the cumulative installed capacity and is presented in the charts below.

e The net energy charging impact metric is applicable only to battery storage. Batteries
can both charge from and discharge energy to the grid, however, a fraction of the
charging energy is lost during a battery’s discharge cycle due to round-trip efficiency
losses. Hence, the battery’s discharging energy is lower than its charging energy. As a
result, a battery represents a net addition to existing load. The net energy charging
impact is measured in MWh.

0 The annual net energy charging impact by customer class is calculated in the
projection models based on the cumulative installed capacity and presented in
the charts below.
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1.2 Customer Class

Customers are classified for the Study based on how the Global Adjustment (GA)%° and the
Hourly Ontario Electricity Price (HOEP)?! costs are recovered depending on the billing structure
that they fall under. This is based on several factors including the type of customer and the
magnitude of electricity consumption, as well as the decisions to opt-in or out of programs like
the Industrial Conservation Initiative (IC1)?2. The primary differentiation is the peak demand by
customer classes, with Class B inclusive of three sets of customer sub-classes with peak
electricity demand less than 1000 kW while those with demand of 1000 kW or more are
considered Class A. Class B is then further divided by those participating in the Regulated Price
Plan (residential customers and general service customers with a peak demand less than 50
kW) and those who are not.

The four customer classes used in this Study’s projections are:

o Residential: The tariff structure for the residential segment aligns with the billing for the
Regulated Price Plan (RPP) based on Time of Use (TOU) rates as defined by the
OEB.%

¢ Small Business: The small business segment does not neatly fit into a single billing
category — e.g., Some small businesses may fall under ‘General Service consumers with
an average monthly peak demand less than 50 kW’ while others may fall under the
General Service consumers with equal to or greater than 50kW of average monthly peak
demand. Based on recommendations from the OEB, the tariff structure of the small
business segment is assumed to be the same as the residential described above —i.e.,
RPP TOU structure.

e Non-RPP Class B Commercial: This category includes commercial customers with
average monthly demand greater than or equal to 50 kW and not participating in the ICI
program. The tariff structure for the non-RPP Class B customers is assumed to align
with the billing for the General Service consumers with an average monthly peak
demand between 50 kW and 999 kW (GS 50 — 999 kW) and not participating in the ICI

20 The global adjustment (GA) is a regular billing fee paid by Ontario consumers to cover the fixed cost to
build and maintain generation assets in the province, and to fund Ontario’s conservation programs. More
information can be found here: What is Global Adjustment? (ieso.ca)

21 In the IESO-administered market, the Hourly Ontario Energy Price (HOEP) is charged to local
distribution companies (LDCs), other non-dispatchable loads and paid to self-scheduling generators.
More information can be found here: Monthly Market Report (ieso.ca)

22 The Industrial Conservation Initiative (ICl) is a form of demand response that allows participating
customers (Class A) to manage their global adjustment (GA) costs by reducing demand during peak
periods based on their percentage contribution to the top five peak Ontario demand hours over a 12-
month base period. More information can be found here: Industrial Conservation Initiative Backgrounder
(ieso.ca)

23 For the sake of simplicity, the analysis does not incorporate the tiered prices billing structure that is
offered to net metered customers. The analysis also assumed that PV and storage only serve native load
and do not export to the grid. According to the OEB RPP Roadmap published on November 16, 2015,
most RPP eligible customers have smart meters and over 96% pay the TOU structure in the RPP. More
information can be found here: RPP Roadmap - Report of the Board - November 16, 2015 (oeb.ca)
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1.3

program. The non-RPP Class B customers are charged an hourly Ontario Electricity
Price (HOEP) plus a flat $MWh Global Adjustment (GA) rate.

e Class A Commercial & Industrial: The tariff structure for the Class A customers was
assumed to align with the billing for the General Service consumers with an average
monthly peak demand greater than 1000kW in addition to GS 500 — 999 kW customers
that satisfy the NAICS code beginning with "31", "32", "33", "1114" and opt into the
Industrial Conservation Initiative program. Class A customers are charged HOEP plus a
non-volumetric GA charge based on share of customer’s consumption in the five peak
demand hours during the previous base period.

Projection Methodology

The projection process varied by technology type but included the following primary tasks:

\

ICF developed estimates for average technology system sizes, rates and tariffs, value
streams and capital and O&M costs for each customer class. We also collected information
on policy and market developments that could reasonably impact technology adoption over
the course of the study period.

ICF used information on existing installs to estimate representative solar PV sizes for each
customer class. ICF examined the IESO’s microFIT and FIT data and the information on
NEM installations from the OEB to understand the range of sizes of historical installations.
Since the figures reported in these sources were not broken down by customer class, ICF
used its professional opinion in estimating representative technology sizes by customer
class. ICF assumed that residential and small business customers would install relatively
smaller PV systems due to space constraints and lower average loads and non-RPP Class
B customers would install larger systems. Class A customers, with larger average loads,
were assumed to install the largest systems.

ICF also used information on existing storage installs and publicly available data from
storage vendors to develop representative battery storage sizes for each customer class.
ICF examined the OEB’s NEM data, the IESO’s DER data and the US Department of
Energy’s (DOE) Global Energy Storage Database to understand the range of sizes of
historical installations. Since these sources do not delineate information by customer class,
ICF used its professional opinion in estimating representative technology sizes. ICF
assumed that residential and small business customers would install the smallest storage
systems due to space constraints and lower average loads and non-RPP Class B customers
would install larger systems. Class A customers, with larger average loads, were assumed
to install the largest systems.

ICF gathered technology capital cost projections for solar PV from the NREL 2020 ATB and
storage capital cost projections from Wood Mackenzie Research data. ICF gathered O&M
cost projections for both technologies from the NREL 2020 ATB. For both technologies, ICF
assigned residential capital and O&M costs to the residential and small business customer
classes. ICF assigned commercial capital and O&M costs to the non-RPP Class B and
Class A customer segments.
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ICF identified the value streams and revenues accessible by each technology and customer
class. ICF identified the value streams based on a literature review, survey of external
markets and discussions with the OEB.

The next step was to conduct a forward-looking economic analysis by quantifying the value
streams and analytical metrics (LCOE-to-avoided-cost ratio for solar PV and payback period
for battery storage) for each technology.

As part of the economic analysis, ICF projected annual TOU prices, Hourly Ontario Energy
Prices (HOEP) and Global Adjustment (GA) charges to conduct the economic analysis.

o For residential and small business regulated price plan (RPP) customers, ICF used
the November 2020 TOU rates as a baseline. RPP bills were assumed to increase at
an annual rate of 2% in the Mid Scenario. The RPP supply costs were adjusted down
for the Low Scenario and up for the High Scenario to generate projected supply
costs for each Scenario for each year in the study period. Distribution charges were
assumed to increase at an annual rate of 2% from a November 2020 baseline across
scenarios.

0 ICF used pre-COVID HOEP and GA rates from 2019 as a baseline to project future
HOEP and GA values. The GA rates for both non-RPP Class B and Class A
customers were decremented as per the 2020 Ontario Budget Announcement.?* ICF
assumed the decrement would persist for the duration of the study period. For the
Mid Scenario, ICF used the average annual percentage change in projected rates
from 2021-2030 in the 2017 LTEP to project future HOEP and GA rates for non-RPP
Class B and Class A customers from the baseline. The rates were then adjusted for
the Low and High Scenarios. Each scenario assumed a termination of the ICI hiatus
at the end of 2020.

ICF also projected annual, hourly Ontario wholesale market energy prices and utilized these
as inputs to calculate wholesale market energy revenues. While the modeling of Ontario's
energy system reflected assumptions consistent with Ontario's Annual Planning Outlook, the
wholesale prices are meant to be indicative of future trends and do not represent an official
ICF view.

o0 For solar PV, ICF assumed that the total energy output from the PV asset for a
representative customer from each customer class was bid into the wholesale
energy market. The hourly PV output was used in conjunction with hourly wholesale
energy prices to estimate annual wholesale energy market revenues.

o For storage, ICF constructed a simplified annual hourly battery dispatch schedule for
non-RPP Class B and Class A customers. Batteries were assumed to charge at night
during the low-priced hours and discharge during the evening at high-priced hours.
The annual hourly battery dispatch was used in conjunction with the annual prices to
estimate annual wholesale energy market revenues.

ICF then calculated project economics (LCOE-to-avoided-cost ratio for solar PV and
payback period for battery storage) for each technology, Scenario, and customer class for
each year of the study period based on estimates of future value streams. ICF then
examined the economic metrics in conjunction with policy and market factors to arrive at
annual growth rates for each technology, Scenario, and customer class.

24 Available online: https://budget.ontario.ca/2020/pdf/2020-ontario-budget-en.pdf
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¢ ICF used the annual growth rates to project future adoption of each technology based on the
established 2020 installation baselines.

¢ ICF compared the projections against historical and future adoption trajectories from proxy
regions? to calibrate the analysis. While regulatory conditions and market forces do differ
between jurisdictions, the reference areas act as helpful proxies when exploring possible
future outcomes. For example, solar PV installations in Ontario are not likely to reach levels
or be as aggressive as seen in California or Hawaii due to differences in solar irradiation and
regulatory structures. However, similarities in resource adoption between Ontario and
Wisconsin or Michigan may exist. Hence, to benchmark the projections, ICF examined
adoption CAGRS, annual growth rates, historical annual installations, and predictions of
future deployment for both solar PV and storage. The exercise aided in establishing realistic
upper and lower bounds for the projections and refining the analysis.

e The key initial output for the projections for both technologies is an estimate of deployed
capacity, both in terms of annual incremental additions as well as cumulative totals. From
these values, ICF then calculated the incremental load impact and estimates for number of
installed systems by customer class.

As mentioned previously, ICF adjusted annual technology adoption rates via a Policy
Adjustment Factor and a Market Adjustment Factor. The purpose of incorporation of these
Factors was to account for the effects of future changes in policy, customer sentiment and
behaviour, demographics, innovation, future policy and regulatory changes, some wholesale
market revenues, and broader societal considerations on potential resource adoption to the
extent possible. These are important factors but very difficult if not impossible to accurately
quantify at this time; therefore, the intent was to keep them out of the core, customer-centric
project economics engine at the heart of the modeling.

While project economics often play the most important role in the adoption of DER, community
influences and a conducive regulatory and policy environment can have an enhancing impact as
well. Therefore, ICF used the MAF and PAF to modulate the projections such that customer
adoption and resource deployment decisions are not tied solely to economic considerations but
also to externalities. In both the case of the MAF and PAF, ICF considered the cumulative effect
of all items under each one (see below) swinging in either direction would have, inferred an
alteration to “normal” adoption rates (i.e., the rates resulting from the processes described in
detail below), and then applied the adjustments to the Scenarios. ICF also customized the MAF
and PAF to specific customer classes and the differences between the effects on solar vs.
storage. Some particular aspects of each adjustment factor included:

Market Adjustment Factor: The MAF is intended to incorporate considerations on customer
outlook and sentiment with respect to DER, environmental concerns and the willingness to
adopt the newest and latest technology. To develop annual values for the MAF by customer
class and technology, ICF followed the steps described below.

ICF examined resource forecasting techniques cited in the literature to ascertain how societal
factors have been treated in the context of DER adoption studies. Among the techniques

25 Markets included California, New York, Massachusetts, New Mexico, Oregon, Wisconsin, lllinois,
Michigan, Nevada, and Texas.

MM
ZICF i



Appendices to Ontario DER Impact Study January 18, 2021

examined was the Bass Diffusion Model,?® which has been used prominently and frequently in
DER adoption studies.?” This model forecasts the adoption of a new technology by consumers,
with the speed and timing of adoption depending on the degree of innovativeness and degree of
imitation by the adopters. The model incorporates two coefficients in the calculation process — a
coefficient of imitation and coefficient of innovation. With respect to DER, the sum of these
coefficients has been observed to range between 0.2 and 1.8 in the literature.?® ICF used this
range as a guide to assign MAFs for solar PV and battery energy storage.

Additional aspects considered in the development of the MAF included variables related to:

e Customer decision-making

o E.g., a“green” premium where customers are willing to pay more for low-carbon
technologies

e Technology developments
o E.g., algorithmic solutions aiding in the optimization of value streams

e Market providers
o E.g., new business models emerging from developers, aggregators, etc.

Policy Adjustment Factor: The intent of the PAF is to incorporate the impacts of non-energy
wholesale market revenues (capacity, operating reserves, and regulation) and the potential
effects of future policy changes on resource adoption. To develop annual values for the PAF by
customer class and technology, ICF followed the steps described below.

ICF calculated hypothetical wholesale electricity market revenues for a single year for non-RPP
Class B and Class A customers with solar PV and battery storage based on publicly available
2019 data. ICF calculated the revenues separately for each technology and customer type, and
did not consider a combined PV + storage installation scenario. The wholesale market revenue
streams considered were energy revenues, operating reserves revenues, capacity market
payments and payments for regulation services. ICF then ascertained the relative contribution of
each value stream to the total accessible wholesale market revenue pool. The relative weighting
was then used in conjunction with available information on emerging and future policies (such
as NEM, LTEP, and emissions performance standards) to arrive at a final value for a PAF.

Additional aspects considered in the development of the PAF included variables related to:

¢ New regulatory policies
o E.g., other items stemming from the Responding to DERs initiative and/or other
consultations
e Federal or province-level legislation

26 The Bass Diffusion Model describes how new products are adopted in a population by classifying
individuals as “innovators” or “imitators”. The model has been widely used for sales and technology
forecasting.

27 Changgui Dong, Benjamin Sigrin, Gregory Brinkman, Forecasting Residential Solar Photovoltaic
Deployment in California, 2016

28 Digka G. Paschalia, The Non-Linear Bass Diffusion Model on Renewable Energy Technologies in
European Countries, October 2012
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o E.g., next iteration of the Long-Term Energy Plan and revisions to the Ontario's
Emissions Performance Standards (EPS), O. Reg. 24/17 Net Metering, .O. Reg.
507/18 Broader Public Sector: Energy Reporting and CDM Plans
e Federal or province-level executive activity
o E.g., Orders in Council

2. Solar Photovoltaics

ICF projected the future adoption of distribution-connected solar PV for residential, small
business, non-RPP Class B and Class A customers in Ontario for three adoption Scenarios —
Low, Mid, and High. Data on installed and existing solar capacity in Ontario in the various
customer classes formed the basis for the projections. ICF’s projections incorporate capital
costs, operations, and maintenance (O&M) costs and information from other US states (New
York, Michigan, Wisconsin, Nevada, Texas, California). In addition, ICF examined solar PV
adoption trends in mature U.S. markets to modulate and inform the future growth of solar PV.

Figure 37. Solar PV Annual Growth Rate Calculation

AV
,ICF Iv



Appendices to Ontario DER Impact Study January 18, 2021

Figure 38. Solar PV Model Schematic

Solar PV Energy
Production Estimate
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Annual Growth Rate
Applied to previous year’s
capacity

Key assumptions, inputs, and calculations that impacted the projection Scenarios are listed
below by topical area.

2.1 Solar PV Economics

¢ ICF developed estimates for avoided electricity costs from the customers’ perspectives
based on either TOU rates or HOEP and GA values depending on customer class, as
well as wholesale market energy revenues. ICF also projected future TOU rates and
HOEP and GA values as described previously.

e Baseline TOU avoided costs for residential and small business customers were
developed by using a set of estimated hourly PV production (8760) values and mapping
these to the currently available TOU rates. Baseline avoided costs for non-RPP Class B
and Class A customers were developed using estimated 8760 PV production values and
an average annual HOEP and GA rate.

e For Class A and non-RPP Class B customers, ICF calculated baseline wholesale energy
market revenues based on a set of estimated hourly PV production (8760) values. The
wholesale energy market revenues were added to bill savings to determine the avoided
energy costs for each customer class.

e The baseline avoided costs were then escalated by the annual percentage change in
projected ToU rates (for residential and small business customers) and projected HOEP
+ GA supply costs (for non-RPP Class B and Class A customers) to arrive at PV avoided
costs for each year of the study period.
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2.2

ICF developed representative solar production profiles using NREL’'s PVWatts tool for
each customer class. To account for Ontario’s size and geographic diversity, ICF used a
single representative city from five provincial regions (Northeastern - Sudbury, Central/
GTA - Toronto, Southwestern - London, Eastern - Ottawa, Northwestern — Thunder Bay)
to develop location-specific PV profiles. These PV profiles were aggregated to arrive at
weighted Ontario-wide average PV output profiles for each customer class.
ICF considered the following baseline PV installation sizes based on analysis of
historical installations from microFIT and FIT programs and NEM data. ICF assumed a
size increase of 2% per year due to technological improvements.

0 Residential and Small Business customers: 5 kW

o Non-RPP Class B customers: 70 kW, 200 kW, 350 kw?°

o Class A customers: 500 kW and 2000 kW?°
ICF reduced solar production by 0.5% per year to account for typical PV system
degradation losses over time. This annualized data was used to calculate the average
cost for solar power in comparison to avoided costs. The PV production values did not
vary by Scenario.
Technology costs were based on long-term forecasts for installed solar pricing, by
customer class, and included average operations and maintenance (O&M) cost
estimates. The NREL 2020 Annual Technology Baseline (ATB) is the source for these
costs. Total project lifetime costs were estimated based on gross technology costs plus
estimates for 20 years of O&M costs. As a simplifying assumption, depreciation benefits
were not factored in. These values differed based on Scenario, with the Low Scenario
using the highest published cost estimates over time and the High Scenario using the
lowest cost estimates.
ICF calculated the Levelized Cost of Electricity (LCOE) using the total technology costs
divided by the solar PV production over a 20-year lifetime. This is a conservative
approach because the systems are likely to have value for more than twenty years.

Solar PV Growth Rates

ICF developed baseline adoption curves for Ontario were developed using trends from
US states. ICF examined a few states with a range of historic PV adoption trends. These
formed the inputs to generating a time- and market-adjusted annual growth rate that was
then modified as described below.

ICF made modifications to the baseline adoption curves by Scenario to reflect the
reduced adoption potential in the Low Scenario and higher potential in the High
Scenario. Modifications to the baseline adoption curves were made by customer class
that reflect the different economic benefit potential on decision-making processes for
residential, commercial, and industrial classes.

ICF included three impact factors to account for the impact of macroeconomic, societal
and policy considerations on the forecast:

29 |ESQO'’s Active Contracted Generation List. Available online: https://www.ieso.ca/-
/media/Files/IESO/Document-Library/power-data/supply/IESO-Active-Contracted-Generation-List.ashx

30 [ESO'’s Active Contracted Generation List. Available online: https://www.ieso.ca/-
/media/Files/IESO/Document-Library/power-data/supply/IESO-Active-Contracted-Generation-List.ashx
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o0 A*“COVID-19”" impact factor to account for the economic impacts of the ongoing
COVID-19 pandemic. ICF adjusted the COVID-19 factors by Scenario but did not
vary them by customer class.

0 A “Market Adjustment Factor” to consider variables such as consumer sentiment
— the desire to install innovative technology, adopt green resources and be
environmentally conscious and to imitate first adopters. ICF developed individual
factors for each customer class and scenario.

0 A “Palicy Adjustment Factor” to account for wholesale electricity market revenues
(capacity, operating reserve, and regulation) and future changes in policy and
legislation at the Federal and Provincial level, such as NEM, LTEP, and
emissions performance standards. ICF developed individual factors for each
customer class and scenario.

¢ Inthe final determination for growth rates that were applied to the annual forecasts, ICF
determined and used the ratio of LCOE-to-avoided-cost as a final adjustment to the
adoption baseline. The lower LCOE-to-avoided-cost ratio (net savings potential for
customers) resulted in higher growth rates, and decreased growth rates for lower
savings potential.

e The baselines of currently installed solar PV capacity (in terms of capacity and number
of installs) were grounded in estimates of existing solar PV capacity in Ontario. The
baseline values were calculated as follows:

0 For residential and small business customers, microFIT and Net Metering Data
were used for determining capacity and number of installs in the baseline year.

0 For C&l customers (both non-RPP Class B and Class A), distributed solar FIT as
well as Net Metering were used for determining the capacity and number of
installs in the baseline year.

o Only rooftop mounted solar PV was considered for all customer classes. Upon
analysis of the IESO’s Active Contracted Generation List, ICF found that over
80% ground mounted PV cumulative installed capacity was sized larger than 5
MW and up to 10 MW. Such large investments are typically the work of
standalone developers and not associated with individual customers. Given that
there was no adequate indicator for determining which of the ground-mounted
projects were load-serving, and to prevent accounting for generator-only projects,
ICF removed ground-mounted PV projects from the list of baseline installs.

o0 Since the figures reported in these sources were not broken down by customer
class, ICF used its professional opinion in delineating the numbers by customer
class. For instance, installations by non-RPP Class B customers were assumed
to be below 500 kW and for Class A customers to be equal to or greater than 500
kW. Additionally, 85% of microFIT installs were assumed to be done by
residential customers and 15% by small business customers, given that small
business customers face greater financial and administrative barriers compared
to residential customers.

The baselines for current participation of PV assets in the IAMs were calculated as follows:

e ICF assumed that none of the existing DER assets installed by residential and small
business customers are participating in the wholesale market in the baseline year of
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2.3

2020. This is based on the fact that the current minimum size threshold for participation
in the IESO’s IAMs is 1 MW?3! and PV sizes installed by residential and small businesses
(for instance, as observed from the microFIT program) tend to be much smaller than that
threshold.

For the Commercial and Industrial (C&I) customers, ICF used the IESO data available
on distributed solar FIT contracts as well as the current market rules for participation to
determine the number of solar PV assets that meet the minimum size threshold and
could patrticipate in IESO’s IAM. Given the existing barriers for participation, ICF
assumed that only 5% of the solar PV assets owned by C&I customers that would be
eligible under existing requirements participated in IESO’s IAM in the baseline year of
2020.

Participation rates were then assumed to escalate by 5% on an annual basis in the Mid
Adoption Scenario and adjusted lower and higher for the Low and High Adoption
Scenarios, respectively.

Conversions to Load Impact and Installation Volume

ICF developed calculations for the net load impact to the grid and provided these in the
forecast outputs based on the average annual solar output for representative system
sizes, with an annual degradation of 0.5% applied to prior year output. The intended use
is to estimate the net reduction in overall load served by the grid from the deployed solar
capacity in each Scenario.

Installation volume estimates are provided in the forecast outputs based on total
deployed capacity divided by average system sizes by customer class. The intended use
is to understand the potential volume of connection activity annually and the number of
systems over time that will be connected to the grid.

81JESO, 2020, Exploring Expanded DER Participation in the IESO-Administered Markets, Part 1 —
Conceptual Models for DER Participation, Innovation and Sector Evolution White Paper Series. Available
online here: http://www.ieso.ca/-/media/Files/IESO/Document-Library/White-papers/White-paper-series-
Conceptual-Models-for-DER-Participation.pdf?la=en
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3. Energy Storage

ICF projected the future adoption of DER battery energy storage for residential, small business,
non-RPP Class B and Class A customers in Ontario for three adoption Scenarios — Low, Mid,
and High. ICF’s projections factored capital costs, operations and maintenance (O&M) costs,
and information on rebates and incentives. In addition, ICF examined storage adoption trends
from other U.S. markets (such as California, Hawaii, Massachusetts, New York, New Jersey,
and Arizona) to modulate and inform the projections.

Figure 39. Storage Annual Growth Rate Calculation
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Figure 40. Storage Model Schematic
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Key assumptions, inputs, and calculations that impact the various scenarios are listed below by
topical area.

3.1 Storage Economics

o ICF developed estimates for storage value streams and use cases by customer class.
The value streams included TOU retail rate energy arbitrage, wholesale market energy
revenues, reductions in global adjustment charges and resiliency/ back-up power.

e ICF used the same TOU rates and HOEP and GA values for each of the solar PV and
storage models.

e The use cases for storage included resiliency/back-up power and TOU energy arbitrage
for residential and small business customers, wholesale energy revenues and
resiliency/back-up power for non-RPP Class B customers and global adjustment charge
savings, wholesale energy market revenues and resiliency/back-up power for Class A
customers. This approach estimated not only the net savings/value created for the
customer but also the annual load impact (increase) in Ontario.

o0 For residential and small business customers, ICF developed annual hourly
(8760) output schedules using the baseline TOU rates to estimate the value to
customers from energy arbitrage. The battery is assumed to charge during the
off-peak hours and discharge during the on-peak price periods.

o For non-RPP Class B customers, ICF calculated baseline wholesale energy
market revenues based on an annual 8760 battery output schedule. A battery is
assumed to charge during the low-priced hours and discharge during the high-
priced hours. ICF calculated the value of resiliency/ back-up power based on
publicly available data on the value of lost load to average consumers.
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0 For Class A customers, ICF calculated baseline wholesale energy market

revenues based on an annual 8760 battery output schedule. A battery is
assumed to charge during the low-priced hours and discharge during the high-
priced hours. ICF calculated the value of resiliency/ back-up power based on
publicly available data on the value of lost load to average consumers. Baseline
global adjustment savings were calculated based on the assumptions from the
literature® that if a Class A customer were to reduce their peak demand by 1 MW
during each of the top five system peak demand hours, they would save
$520,000. This value was decremented in accordance with the 2020 Ontario
budget announcement for the analysis, yielding a new savings value of
$405,000.
To estimate the value of resiliency, ICF first calculated the average battery
energy capacity that would be available to the battery owner at the end of a
representative day after a 24-hour charge and discharge cycle.
= |f an outage were to occur outside of a battery’s pre-determined charge or
discharge schedule, there is a high probability that the battery would be
charged to its full energy capacity, and that it could completely discharge
to serve native load. However, high-impact outage events are difficult to
predict and may also occur during the charge or discharge hours when
the battery was only partially charged. Hence, the average battery
capacity is used to estimate the maximum available battery energy that
might be available to serve native load.
Assuming one high impact outage event per year, ICF used publicly available
estimates of the value of lost load in conjunction with the average available
battery capacity to calculate the savings to a customer from being able to
continue to serve native load during an outage.*

ICF then escalated the baseline value streams by the annual percentage change in
projected TOU rates (for residential and small business customers) and projected HOEP
+ GA supply costs (for non-RPP Class B and Class A customers) to arrive at value
streams for each year of the study period.
ICF considered the following baseline storage installation sizes based on an analysis of
publicly available data from storage vendors and the US DOE'’s Global Energy Storage
Database. ICF assumed a size increase of 2% per year due to technological
improvements.

0 Residential and Small Business customers: 5 kW/ 20 kWh

o Non-RPP Class B customers: 1 MW/ 4 MWh

o Class A customers: 2.5 MW/ 5 MWh

32 OEB Market Surveillance Panel, The Industrial Conservation Initiative: Evaluating its Impact and
Potential Alternative Approaches, December 2018. Available online: MSP Report - The Industrial
Conservation Initiative: Evaluating its Impact and Potential Alternative Approaches (Dec 18, 2018)

(oeb.ca)

33 An estimate of value of lost load was obtained from: Brian Rivard, Don't leave me stranded: What to do
with Ontario’s Global Adjustment?, July 2019
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3.2

Technology costs for each of the Scenarios over the study period were based on data
from the Wood MacKenzie Q3 2018 Energy Storage Monitor and O&M costs were
based on NREL 2020 ATB forecasts.

ICF calculated payback periods based on the technology costs, divided by the net value
to customers. The payback periods varied across the customer classes and across
scenarios due to the different tariff structures, rates, and dispatch assumptions.

Storage Growth Rates

The storage market is relatively nascent and has a shorter and less robust adoption
history compared to solar PV. This meant that ICF could not calibrate the storage
projections against data on a wide variety of external market examples. However,
baseline adoption curves were developed taking a conservative approach to potential
adoption adapted from the limited examples available and by incorporating external
factors.

ICF included three impact factors to account for the impact of macroeconomic, societal
and policy considerations on the forecast:

o A*“COVID-19” impact factor to account for the economic impacts of the ongoing
COVID-19 pandemic. ICF adjusted the COVID-19 factors by Scenario but did not
vary them by customer class.

o0 A "Market Adjustment Factor” to consider variables such as consumer sentiment
— the desire to install innovative technology, adopt green resources and be
environmentally conscious and to imitate first adopters. ICF developed individual
factors for each customer class and scenario.

o0 A “Policy Adjustment Factor” to account for wholesale electricity market revenues
(capacity, operating reserve and regulation) and future changes in policy and
legislation at the Federal and Provincial level, such as NEM, LTEP, and
emissions performance standards. ICF developed individual factors for each
customer class and scenario.

ICF modified these individual parameters to adjust the adoption curves by Scenario to
reflect the reduced adoption potential in the Low Scenario and higher potential in the
High Scenario. Modifications were made by customer class that reflect the different
economic benefit potential on decision-making processes for residential, commercial,
and industrial classes and the projected payback periods.

The baselines of currently installed storage capacity (in terms of capacity and number of
installs) were grounded in estimates of existing storage capacity in Ontario. The baseline
values were calculated as follows:

0 90% of currently installed NEM storage capacity was assigned to the residential
sector — 458 kW34,

0 10% of currently installed NEM storage capacity was assigned to the small
business sector — 51 kW.

34 The OEB provided ICF with aggregate Ontario storage capacity (509 kW) currently enrolled in NEM
programs.
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3.3

0 20% of the storage capacity currently enrolled in the IAM’s was assigned to non-
RPP Class B customers - 9,010 kW

0 80% of the storage capacity enrolled in the IAM’s and 400 MW of BTM storage
capacity was assigned to Class A customers — 436,040 kW.3

Conversions to Load Impact and Installation Volume

ICF developed calculations for the net load impact to the grid based on the storage
system sizes and charge/discharge cycles by customer use case. For storage (as
opposed to solar) the net energy impact from a system perspective is an increase in load
from assumed roundtrip efficiency losses of 10%. ICF assumed an annual storage
energy capacity degradation of 3% for all customer classes, while recognizing that this
number depends heavily on the number of daily battery cycles, the depth of discharge,
environmental conditions, and other factors.

ICF based the number of installed storage systems on the annual aggregated capacity
estimates divided by average system sizes by customer class to provide the potential
volume of connection activity annually and the number of systems over time that will be
connected to the grid.

35 The IESO provided ICF with the aggregate storage capacity (45.05 MW) currently registered in the

IAMs.

36 The 400 MW value is from a presentation by Energy Storage Canada to the IESO’s Energy Storage
Advisory Group on May 21, 2019. Available online (Appendix C, slide 20): http://www.ieso.ca/-
[media/Files/IESO/Document-Library/engage/esag/esag-20190621-energy-storage-canada.pdf?la=en
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