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APPENDIX A — LOAD FORECAST DETAILS

Introduction

This appendix reviews the load forecast used in the modeling and analysis of the 2021 Integrated
Resource Plan (“IRP”), including scenario development for case sensitivities. The load forecast
used in the IRP is an estimate of the energy sales and peak demand over a 20-year period. The 20-
year horizon is important to anticipate electricity demand to develop a timely response of
resources.

In the development of its load forecast PacifiCorp employs econometric models that use historical
data and inputs such as regional and national economic growth, weather, seasonality, and other
customer usage and behavior changes. The forecast is divided into classes that use energy for
similar purposes and at comparable retail rates. These separate customer classes include
residential, commercial, industrial, irrigation, and lighting customer classes. The classes are
modeled separately using variables specific to their usage patterns. For residential customers,
typical energy uses include space heating, air conditioning, water heating, lighting, cooking,
refrigeration, dish washing, laundry washing, televisions and various other end use appliances.
Commercial and industrial customers use energy for production and manufacturing processes,
space heating, air conditioning, lighting, computers and other office equipment.

Jurisdictional peak load forecasts are developed using econometric equations that relate observed
monthly peak loads, peak producing weather and the weather-sensitive loads for all classes. The
system coincident peak forecast, which is used in portfolio development, is the maximum load
required on the system in any hourly period and is extracted from the hourly forecast model.

Summary Load Forecast

The Company updated its load forecast in June 2020. The compound annual load growth rate for
the 10-year period (2021 through 2030) is 1.31 percent. Relative to the load forecast prepared for
the 2019 IRP, PacifiCorp’s 2030 forecast load requirement decreased in all jurisdictions other than
Utah and California, while PacifiCorp system load requirement increased approximately 2.06
percent. Figure A.1 has a comparison of the load forecasts from the 2021 IRP to the 2019 IRP.
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Figure A.1 — PacifiCorp System Energy Load Forecast Change, at Generation, pre-DSM
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Table A.1 and Table A.2 show the annual load and coincident peak load forecast when not reducing
load projections to account for new energy efficiency measures (Class 2 DSM).! Tables A.3 and
A.4 show the forecast changes relative to the 2019 IRP load forecast for loads and coincident
system peak, respectively.

Table A.1 — Forecasted Annual Load, 2021 through 2030 (Megawatt-hours), at Generation,
re-DSM

Year Total OR WA CA UT WY ID
2021 60,221,570 15,052,100 | 4,508,140 873,350 26,683,220 9,151,270 | 3,953,490
2022 61,760,910 15,406,270 | 4,591,020 879,260 27,444,090 9,467,940 | 3,972,330
2023 63,242,990 15,758,680 | 4,656,030 882,500 28,210,380 9,756,470 | 3,978,930
2024 64,451,310 16,106,120 | 4,710,640 888,170 28,792,180 9,963,260 | 3,990,940
2025 65,162,260 16,239,510 | 4,730,240 888,890 29,341,030 9,957,000 | 4,005,590
2026 64,527,030 16,418,820 | 4,760,890 891,130 28,352,920 10,079,510 | 4,023,760
2027 65,178,400 16,609,250 | 4,796,190 892,410 28,700,930 | 10,140,050 | 4,039,570
2028 66,083,420 16,856,640 | 4,850,400 896,280 29,192,860 10,227,820 | 4,059,420
2029 66,768,660 17,037,100 | 4,879,900 895,370 29,609,850 10,278,220 | 4,068,220
2030 67,723,210 17,268,040 | 4,923,100 898,610 30,155,750 10,393,670 | 4,084,040

Compound Annual Growth Rate
2021-30 1.31% 1.54% 0.98% 0.32% 1.37% 1.42% 0.36%

I Class 2 DSM load reductions are included as resources in the Plexos model.
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Table A.2 — Forecasted Annual Coincident Peak Load (Megawatts) at Generation, pre-DSM

Year Total OR WA CA UT WY ID
2021 10,374 2,421 768 140 5,054 1,223 768
2022 10,535 2,442 779 140 5,158 1,247 768
2023 10,691 2,462 788 142 5,255 1,280 765
2024 10,808 2,480 795 141 5,326 1,300 765
2025 10,942 2,500 804 142 5,419 1,302 775
2026 10,867 2,513 810 142 5,308 1,314 779
2027 10,940 2,527 816 142 5,351 1,321 782
2028 11,043 2,540 823 143 5,426 1,329 783
2029 11,133 2,551 831 142 5,490 1,335 784
2030 11,238 2,562 837 142 5,563 1,348 786

Compound Annual Growth Rate
2021-30 l 0.89% l 0.63% 0.96% 0.19% 1.07% 1.09% 0.25%

Table A.3 — Annual Load Change: June 2020 Forecast less September 2018 Forecast
(Megawatt-hours) at Generation, pre-DSM

Year Total OR WA CA UT WY ID
2021 | (1,446,650) | (710,630) | (188,810) (12,870) 193,120 | (693,260) (34,200)
2022 (669,210) | (667,350) |  (133,820) (4,040) 554,880 | (383,170) (35,710)
2023 53,140 | (467,730) |  (100,410) 650 851,120 | (178,640) (51,850)
2024 352,250 | (316,440) (92,170) 5,990 915,480 (94,950) (65,660)
2025 600,950 |  (283,400) (91,260) 11,470 | 1,120,660 (95,750) (60,770)
2026 291,170 | (250,470) (94,560) 17,670 705,630 (31,000) (56,100)
2027 351,380 | (211,750) (96,000) 24,810 756,540 (70,940) (51,280)
2028 639,990 |  (160,230) (94,050) 32,590 937,330 (32,350) (43,300)
2029 926,340 (91,430) (91,890) 40,000 | 1,125,640 (21,450) (34,530)
2030 1,368,710 18,030 (84,790) 49,670 | 1,407,610 530 (22,340)

Table A.4 — Annual Coincident Peak Change: June 2020 Forecast less September 2018

Forecast (Megawatts) at Generation, pre-DSM

Year Total OR WA CA UT WY ID
2021 17 (71) (11) (5) 192 (68) (20)
2022 67 (84) (©) @) 230 (46) 23)
2023 111 (81) @) @) 250 22) 29)
2024 121 (75) 7 0 238 25) (26)
2025 157 (80) ) (1) 264 (13) (8)
2026 49 (82) ) (0) 165 (7) (20)
2027 45 (85) (©6) 2 165 (11) (18)
2028 58 (89) (©6) 3 175 (8) (16)
2029 70 (92) (©6) 5 183 (7) (12)
2030 98 (89) (©6) 7 199 ) 9)
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Load Forecast Assumptions

Regional Economy by Jurisdiction

The PacifiCorp electric service territory is comprised of six states and within these states the
company serves customers in a total of 90 counties. The level of retail sales for each state and
county is correlated with economic conditions and population statistics in each state. PacifiCorp
uses both economic data, such as employment, and population data, to forecast its retail sales.
Looking at historical sales and employment data for PacifiCorp’s service territory, 2000 through
2019, in Figure A.2, it is apparent that the company’s retail sales are correlated to economic
conditions in its service territory, and most recently the 2008-2009 recession.

Figure A.2 — PacifiCorp Annual Retail Sales 2000 through 2019 and Western Region
Employment

The 2021 IRP forecast utilizes the October 2019 release of IHS Markit economic driver forecast;
whereas the 2019 IRP relies on the September 2018 release from IHS Markit. Figure A.3 shows
the weather normalized average system residential use per customer.
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Figure A.3 — PacifiCorp Annual Residential Use per Customer 2001 through 2019

Utah

PacifiCorp serves 26 of the 29 counties in the state of Utah, with Salt Lake City being the largest
metropolitan area served by the Company within the state. Utah is expected to experience an
annual increase of 1.16 percent in non-farm employment over the next 10 years. Figure A.4 shows
the change in population and employment forecasts between the 2021 IRP relative to the 2019 IRP
forecast. This figure illustrates that the population forecast is relatively unchanged, but slightly
lower. The employment forecast is also relatively unchanged, but slightly higher over the 2021
through 2030 timeframe.

Figure A.4 — IHS Global Insight Utah Population and Employment Forecasts from the
September 2018 load forecast and the October 2019 load forecast
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Oregon

PacifiCorp serves 25 of the 36 counties in Oregon, but provided only 26.2 percent of electric retail
sales in the state of Oregon in 2018.2 Figure A.5 shows the change in population and employment
forecasts for the 2021 IRP relative to the 2019 IRP forecast. This figure illustrates that the Oregon
population and employment forecasts have remained relatively unchanged, but have decreased
slightly.

Figure A.5 - IHS Global Insight Oregon Population and Employment forecasts from the
September 2018 load forecast and the October 2019 load forecast
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Wyoming

The Company serves 15 of the 23 counties in Wyoming, with Casper being the largest metropolitan
area served by the Company in the state. Industrial sales make up approximately 74% of the
Company’s Wyoming sales. Figure A.6 shows the change in population and employment forecasts
for the 2021 IRP relative to the 2019 IRP forecast. This figure illustrates that the Wyoming
population and employment forecasts used in the 2021 IRP forecast has remained relatively
unchanged to the 2019 IRP.

Figure A.6 - IHS Global Insight Wyoming Population and Employment forecasts from the
September 2018 load forecast and the October 2019 load forecast
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2 Source: Oregon Public Utility Commission, 2018 Oregon Ultility Statistics.
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Washington

PacifiCorp serves the following counties in Washington state: Benton, Columbia, Cowlitz,
Garfield, Walla Walla, and Yakima. Yakima is the most populated county that the Company serves
in Washington State and has a large concentration of agriculture and food processing businesses.
Residential and commercial sales are roughly equal in size each making up approximately 39
percent of the Company’s Washington sales. Figure A.7 shows the change in population and
employment forecasts for the 2021 IRP relative to the 2019 IRP forecast. This figure illustrates
that the population forecast is lower, while the employment forecast is unchanged.

Figure A.7 — IHS Global Insight Washington Population and Employment forecasts from
the September 2018 load forecast and the October 2019 load forecast
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Idaho

The Company serves 14 of the 44 counties in the state of Idaho, with the majority of the Company’s
service territory in rural Idaho. Industrial sales make up approximately 47% of the Company’s
Idaho sales. Figure A.8 shows the change in population and employment forecasts for the 2021
IRP relative to the 2019 IRP forecast. This figure illustrates that the forecast for population has
decreased, while the employment forecast has remained consistent over the 2021 to 2030
timeframe.
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Figure A.8 — IHS Global Insight Idaho Population and Employment forecasts from the
September 2018 load forecast and the October 2019 load forecast
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California

The four northern California counties served by PacifiCorp are largely rural, which include Del
Norte, Modoc, Shasta and Siskiyou Counties. Crescent City is the largest metropolitan area served
by the Company in California. Residential sales make up approximately 48 percent of the
Company’s California sales. Figure A.9 shows the change in population and employment forecasts
for the 2021 IRP relative to the 2019 IRP forecast. This figure illustrates that the population
forecast has increased, while the employment forecast has decreased.

Figure A.9 — IHS Global Insight California Population and Employment forecasts from the
September 2018 load forecast and the October 2019 load forecast
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Weather

The Company’s load forecast is based on normal weather defined by the 20-year time period of
2000-2019. The Company updated its temperature spline models to the five-year time period of
October 2014 — September 2019. The Company’s spline models are used to model the commercial
and residential class temperature sensitivity at varying temperatures.
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The Company has reviewed the appropriateness of using the average weather from a shorter time
period as its “normal” peak weather. Figure A.10 indicates that peak producing weather does not
change significantly when comparing five, 10, or 20-year average weather.

Figure A.10 — Comparison of Utah §, 10, and 20-Year Average Peak Producing
Temperatures
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Statistically Adjusted End-Use (“SAE”)

The Company models sales per customer for the residential class using the SAE model, which
combines the end-use modeling concepts with traditional regression analysis techniques. Major
drivers of the SAE-based residential model are heating and cooling related variables, equipment
shares, saturation levels and efficiency trends, and economic drivers such as household size,
income and energy price. The Company uses ITRON for its load forecasting software and
services, as well as the SAE. To predict future changes in the efficiency of the various end uses
for the residential class, an excel spreadsheet model obtained from ITRON was utilized; the model
includes appliance efficiency trends based on appliance life as well as past and future efficiency
standards. The model embeds all currently applicable laws and regulations regarding appliance
efficiency, along with life cycle models of each appliance. The life cycle models, based on the
decay and replacement rate are necessary to estimate how fast the existing stock of any given
appliance turns over, i.e. newer more efficient equipment replacing older less efficient equipment.
The underlying efficiency data is based on estimates of energy efficiency from the US Department
of Energy’s Energy Information Administration (EIA). The EIA estimates the efficiency of
appliance stocks and the saturation of appliances at the national level and for individual Census
Regions.

Individual Customer Forecast

The Company updated its load forecast for a select group of large industrial customers, self-
generation facilities of large industrial customers, and data center forecasts within the respective
jurisdictions. Customer forecasts are provided by the customer to the Company through a regional
business manager (“RBM”).

Actual Load Data

With the exception to the industrial class, the Company uses actual load data from January 2000
through January 2020. The historical data period used to develop the industrial monthly sales
forecast is from January 2000 through January 2020 in Utah, Wyoming, and Washington, January
2002 through January 2020 in Idaho, and January 2003 through January 2020 in California and
January 2008 through January 2020 in Oregon.

The following tables are the annual actual retail sales, non-coincident peak, and coincident peak
by state used in calculating the 2021 IRP retail sales forecast.

10
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Table A.5 — Weather Normalized Jurisdictional Retail Sales 2000 through 2019

System Retail Sales - Megawatt-hours (MWh)*

Year California Idaho Oregon Utah Washington Wyoming System

2000 775,192 3,089,288 [ 13,955,787 | 18,744,308 4,105,482 | 7,414,678 | 48,084,734
2001 776,422 2,980,497 | 13,516,606 | 18,504,774 4,021,390 | 7,668,756 | 47,468,446
2002 799,842 3,230,347 | 13,099,087 | 18,604,385 4,018,756 | 7,445,204 | 47,197,621
2003 815,011 3,247,459 | 13,085,666 | 19,273,299 4,073,691 | 7,440,948 | 47,936,073
2004 844,695 3,308,170 | 13,199,227 | 19,866,036 4,104,202 | 7,804,357 | 49,126,687
2005 835,299 3,261,932 | 13,201,375 | 20,282,194 4,216,649 | 8,006,549 | 49,803,998
2006 858,510 3,340,635 | 13,915,186 | 21,098,318 4,135,813 | 8,220,696 | 51,569,159
2007 874,531 3,408,616 | 14,021,185 | 21,999,896 4,080,890 | 8,517,002 | 52,902,119
2008 866,199 3,420,524 | 13,780,706 | 22,599,294 4,077,495 | 9,216,788 | 53,961,007
2009 829,274 2,954,023 | 13,113,340 | 22,024,520 4,060,707 | 9,269,845 | 52,251,710
2010 841,107 3,439,999 | 13,177,771 | 22,508,996 4,055,511 | 9,664,424 | 53,687,809
2011 803,543 3,464,119 | 13,032,607 | 23,295,557 4,023,385 | 9,809,825 | 54,429,035
2012 785,008 3,515,467 | 13,043,196 | 23,640,249 4,051,450 | 9,487,492 | 54,522,863
2013 775,368 3,558,468 | 13,087,558 | 23,643,822 4,068,821 | 9,551,446 | 54,685,482
2014 775,046 3,548,642 | 13,152,703 | 24,147,318 4,117,170 | 9,602,358 | 55,343,237
2015 746,165 3,506,314 | 13,117,689 | 23,873,791 4,111,291 | 9,374,355 | 54,729,605
2016 755,863 3,467,134 | 13,216,931 | 23,535,056 4,055,967 | 9,207,677 | 54,238,627
2017 760,480 3,580,973 | 13,164,823 | 23,661,450 4,088,797 | 9,351,510 | 54,608,034
2018 742,614 3,614,740 | 13,104,102 | 24,528,017 4,069,834 | 9,258,202 | 55,317,509
2019 744,447 3,504,257 | 13,168,919 | 24,435,035 4,059,165 | 9,333,539 | 55,245,362

Compound Annual Growth Rate
2000-19 | -0.21% 0.67% -0.30% 1.41% -0.06% 1.22% 0.73%

*System retail sales do not include sales for resale

11
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Table A.6 — Non-Coincident Jurisdictional Peak 2000 through 2019

Non-Coincident Peak - Megawatts (MW)*
Year California Idaho Oregon Utah Washington | Wyoming System
2000 176 686 2,603 3,684 785 1,061 8,995
2001 162 616 2,739 3,480 755 1,124 8,876
2002 174 713 2,639 3,773 771 1,113 9,184
2003 169 722 2,451 4,004 788 1,126 9,260
2004 193 708 2,524 3,862 920 1,111 9,317
2005 189 753 2,721 4,081 844 1,224 9,811
2006 180 723 2,724 4,314 822 1,208 9,970
2007 187 789 2,856 4,571 834 1,230 10,466
2008 187 759 2,921 4,479 923 1,339 10,609
2009 193 688 3,121 4,404 917 1,383 10,705
2010 176 777 2,552 4,448 893 1,366 10,213
2011 177 770 2,686 4,596 854 1,404 10,486
2012 159 800 2,550 4,732 797 1,337 10,376
2013 182 814 2,980 5,091 886 1,398 11,351
2014 161 818 2,598 5,024 871 1,360 10,831
2015 157 843 2,598 5,226 837 1,326 10,986
2016 155 848 2,584 5,018 819 1,300 10,724
2017 177 830 2,920 4,932 943 1,354 11,156
2018 158 830 2,608 5,091 849 1,319 10,854
2019 151 793 2,632 5,163 895 1,363 10,997
Compound Annual Growth Rate
2000-19 -0.79% 0.77% 0.06% 1.79% 0.69% 1.33% 1.06%

*Non-coincident peaks do not include sales for resale

12



PACIFICORP - 2021 IRP APPENDIX A — LOAD FORECAST

Table A.7 — Jurisdictional Contribution to Coincident Peak 2000 through 2019

Coincident Peak - Megawatts (MW)*
Year California Idaho Oregon Utah Washington | Wyoming System
2000 154 523 2,347 3,684 756 979 8,443
2001 124 421 2,121 3,479 627 1,091 7,863
2002 162 689 2,138 3,721 758 1,043 8,511
2003 155 573 2,359 4,004 774 1,022 8,887
2004 120 603 2,200 3,831 740 1,094 8,588
2005 171 681 2,238 4,015 708 1,081 8,895
2006 156 561 2,684 3,972 816 1,094 9,283
2007 160 701 2,604 4,381 754 1,129 9,730
2008 171 682 2,521 4,145 728 1,208 9,456
2009 153 517 2,573 4,351 795 987 9,375
2010 144 527 2,442 4,294 757 1,208 9,373
2011 143 549 2,187 4,596 707 1,204 9,387
2012 156 782 2,163 4,731 749 1,225 9,806
2013 156 674 2,407 5,091 797 1,349 10,474
2014 150 630 2,345 5,024 819 1,294 10,263
2015 152 805 2,472 5,081 833 1,259 10,601
2016 139 575 2,462 4,940 817 1,201 10,135
2017 152 593 2,547 4911 787 1,306 10,296
2018 126 741 2,526 5,037 790 1,295 10,514
2019 122 731 2,276 5,158 761 1,248 10,297
Compound Annual Growth Rate
2000-19 | -1.20% 1.77% -0.16% 1.79% 0.04% 1.29% 1.05%

*Coincident peaks do not include sales for resale

System Losses

Line loss factors are derived using the five-year average of the percent difference between the
annual system load by jurisdiction and the retail sales by jurisdiction. System line losses were
updated to reflect actual losses for the five-year period ending December 31, 2019.

Forecast Methodology Overview

Class 2 Demand-side Management Resources in the Load Forecast

PacifiCorp modeled Class 2 DSM as a resource option to be selected as part of a cost-effective
portfolio resource mix using the Company’s Plexos capacity expansion optimization model,. The
load forecast used for IRP portfolio development excluded forecasted load reductions from Class
2 DSM; Plexos then determines the amount of Class 2 DSM—expressed as supply curves that
relate incremental DSM quantities with their costs—given the other resource options and inputs

13
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included in the model. The use of Class 2 DSM supply curves, along with the economic screening
provided by Plexos, determines the cost-effective mix of Class 2 DSM for a given scenario.

Modeling overview

The load forecast is developed by forecasting the monthly sales by customer class for each
jurisdiction. The residential sales forecast is developed as a use-per-customer forecast multiplied
by the forecasted number of customers.

The customer forecasts are based on a combination of regression analysis and exponential
smoothing techniques using historical data from January 2000 to January 2020. For the residential
class, the Company forecasts the number of customers using IHS Markit’s forecast of each state’s
population or number of households as the major driver.

The Company uses a differenced model approach in the development of the residential customer
forecast. Rather than directly forecasting the number of customers, the differenced model predicts
the monthly change in number of customers.

The Company models sales per customer for the residential class using the SAE model discussed
above, which combines the end-use modeling concepts with traditional regression analysis
techniques.

For the commercial class, the Company forecasts sales using regression analysis techniques with
non-manufacturing employment and non-farm employment designated as the major economic
drivers, in addition to weather-related variables. Monthly sales for the commercial class are
forecast directly from historical sales volumes, not as a product of the use per customer and number
of customers. The development of the forecast of monthly commercial sales involves an additional
step; to reflect the addition of a large “lumpy” change in sales such as a new data center, monthly
commercial sales are increased based on input from the Company’s RBM’s. The treatment of large
commercial additions is similar to the methodology for large industrial customer sales, which is
discussed below.

Monthly sales for irrigation and street lighting are forecast directly from historical sales volumes,
not as a product of the use per customer and number of customers.

The majority of industrial sales are modeled using regression analysis with trend and economic
variables. Manufacturing employment is used as the major economic driver in all states with
exception of Utah, in which an Industrial Production Index is used. For a small number of the
very largest industrial customers, the Company prepares individual forecasts based on input from
the customer and information provided by the RBM’s.

After the Company develops the forecasts of monthly energy sales by customer class, a forecast
of hourly loads is developed in two steps. First, monthly peak forecasts are developed for each
state. The monthly peak model uses historical peak-producing weather for each state and
incorporates the impact of weather on peak loads through several weather variables that drive
heating and cooling usage. The weather variables include the average temperature on the peak
day and lagged average temperatures from up to two days before the day of the forecast. The peak
forecast is based on average monthly historical peak-producing weather for the 20-year period,
2000 through 2019. Second, the Company develops hourly load forecasts for each state using

14
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hourly load models that include state-specific hourly load data, daily weather variables, the 20-
year average temperatures as identified above, a typical annual weather pattern, and day-type
variables such as weekends and holidays as inputs to the model. The hourly loads are adjusted to
match the monthly peaks from the first step above. Hourly loads are then adjusted so the monthly
sum of hourly loads equals monthly sales plus line losses.

After the hourly load forecasts are developed for each state, hourly loads are aggregated to the
total system level. The system coincident peaks can then be identified, as well as the contribution
of each jurisdiction to those monthly peaks.

COVID-19 Adjustments

For the 2021 IRP, the Company incorporated the expected impacts of COVID-19 on forecasted
electricity demand. These impacts include stay-at-home impacts, longer-term economic impacts
and commodity price impacts.

Stay-at-home impacts were assumed to last over the March 2020 through June 2020 timeframe.
Stay-at-home period impacts were based on observed class level load impacts over the March
through April 2020 timeframe. Longer-term COVID-19 impacts based on IHS Markit economic
driver data released March 2020 was incorporated into the forecast. The Wyoming industrial class
forecast was adjusted to account for COVID-19 commodity price impacts based on observed load
changes, commodity price projections, and Regional Business Manager input. Commodity price
impacts were projected to last from March 2020 through June 2023 timeframe and are expected to
improve over the period.

Electrification Adjustments

The load forecast used for 2021 IRP portfolio development includes the Company’s expectations
for transportation electrification based on current and expected electric-vehicle adoption trends.
These projections were incorporated as a post-model adjustment to the residential and commercial
sales forecasts. The load forecast also incorporates the Company’s expectations for building
electrification initiatives. Given the status of building electrification initiatives in PacifiCorp’s
service territory, only the expected impact of these programs for Utah have been incorporated into
the sales forecast.

Sales Forecast at the Customer Meter

This section provides total system and state-level forecasted retail sales summaries measured at
the customer meter by customer class including load reduction projections from new energy
efficiency measures from the Preferred Portfolio.
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Table A.8 — System Annual Retail Sales Forecast 2021 through 2030, post-DSM

System Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 16,389,484 18,613,139 18,287,179 1,441,875 107,253 54,838,930
2022 16,384,868 19,324,611 18,589,219 1,415,430 98,411 55,812,538
2023 16,439,913 19,905,826 18,898,932 1,398,288 91,221 56,734,180
2024 16,589,964 20,276,728 19,037,799 1,385,557 85,970 57,376,018
2025 16,654,511 20,413,589 19,030,766 1,376,104 81,656 57,556,626
2026 16,825,236 20,444,277 17,767,848 1,369,039 78,667 56,485,067
2027 16,999,818 20,438,006 17,824,694 1,356,979 76,390 56,695,887
2028 17,265,999 20,525,328 17,905,345 1,340,301 74,749 57,111,722
2029 17,418,800 20,482,093 17,921,770 1,321,831 72,892 57,217,386
2030 17,613,925 20,436,176 18,102,483 1,298,520 71,383 57,522,487
Compound Annual Growth Rate
2021-30 | 0.80% 1.04% -0.11% -1.16% -4.42% 0.53%
Residential

The average annual growth of the residential class sales forecast increased from -0.29 percent in
the 2019 IRP to 0.80 percent in the 2021 IRP. The number of residential customers across
PacifiCorp’s system is expected to grow at an annual average rate of 1.22 percent, reaching
approximately 1.93 million customers in 2030, with Rocky Mountain Power states adding 1.49
percent per year and Pacific Power states adding 0.80 percent per year.

Commercial

Average annual growth of the commercial class sales forecast increased from 0.87 percent annual
average growth in the 2019 IRP to 1.04 percent in the 2021 IRP. The number of commercial
customers across PacifiCorp’s system is expected to grow at an annual average rate of 0.99 percent,
reaching approximately 240,000 customers in 2030, with Rocky Mountain Power states adding
1.23 percent per year and Pacific Power states adding 0.66 percent per year.

Industrial
Average annual growth of the industrial class sales forecast increased from -0.52 percent annual
average growth in the 2019 IRP to -0.11 percent expected annual growth in the 2021 IRP. A portion

of the Company’s industrial load is in the extractive industry in Utah and Wyoming; therefore,
changes in commodity prices can impact the Company’s load forecast.

State Summaries

Oregon

Table A.9 — Forecasted Retail Sales Growth in Oregon, post-DSM summarizes Oregon state
forecasted retail sales growth by customer class.
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Table A.9 — Forecasted Retail Sales Growth in Oregon, post-DSM

Oregon Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 5,708,962 5,767,210 1,491,973 312,674 34,484 13,315,304
2022 5,733,105 5,954,746 1,487,633 291,620 32,284 13,499,389
2023 5,754,277 6,145,533 1,485,094 280,748 30,277 13,695,929
2024 5,812,675 6,293,686 1,487,735 275,951 28,624 13,898,671
2025 5,841,879 6,290,798 1,482,175 275,724 27,104 13,917,680
2026 5,895,695 6,298,198 1,479,349 278,168 25,962 13,977,372
2027 5,957,709 6,306,969 1,475,887 280,047 25,082 14,045,694
2028 6,048,834 6,330,610 1,475,301 279,611 24,491 14,158,847
2029 6,112,862 6,328,312 1,465,503 278,532 23,929 14,209,138
2030 6,204,688 6,337,488 1,459,048 275,343 23,572 14,300,139
Compound Annual Growth Rate
2021-30 | 0.93% 1.05% -0.25% -1.40% -4.14% 0.80%
Washington

Table A.10 — Forecasted Retail Sales Growth in Washington, post-DSM summarizes Washington
state forecasted retail sales growth by customer class.

Table A.10 — Forecasted Retail Sales Growth in Washington, post-DSM

Washington Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 1,571,875 1,526,929 746,477 156,438 5,334 4,007,054
2022 1,560,893 1,581,253 748,392 155,784 4,806 4,051,128
2023 1,557,071 1,610,608 749,236 155,057 4,621 4,076,594
2024 1,561,217 1,621,511 752,126 152,198 4,577 4,091,630
2025 1,552,484 1,611,943 750,699 149,416 4,545 4,069,088
2026 1,546,197 1,604,724 750,620 146,710 4,540 4,052,790
2027 1,538,962 1,601,382 748,971 143,453 4,538 4,037,306
2028 1,538,642 1,607,169 748,585 140,015 4,551 4,038,963
2029 1,529,991 1,602,860 745,385 136,236 4,537 4,019,009
2030 1,528,793 1,596,229 751,976 132,505 4,537 4,014,041
Compound Annual Growth Rate
2021-30 -0.31% 0.49% 0.08% -1.83% -1.78% 0.02%
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California

Table A.11 - Forecasted Retail Sales Growth in California, post-DSM summarizes California state
forecasted sales growth by customer class.

Table A.11 - Forecasted Retail Sales Growth in California, post-DSM

California Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 375,063 236,324 53,093 89,705 1,428 755,613
2022 375,655 237,999 54,023 89,502 1,300 758,478
2023 376,478 239,115 53,642 89,408 1,190 759,834
2024 378,596 240,418 53,510 89,397 1,102 763,023
2025 378,233 240,052 52,933 89,382 1,027 761,626
2026 379,038 239,998 52,015 89,250 971 761,272
2027 379,772 239,453 50,400 89,020 929 759,574
2028 381,554 239,392 48,763 88,708 900 759,319
2029 380,801 237,792 46,909 88,360 875 754,736
2030 381,404 236,731 47,316 88,038 859 754,348
Compound Annual Growth Rate
2021-30 | 0.19% 0.02% -1.27% -0.21% -5.49% -0.02%
Utah

Table A.12 — Forecasted Retail Sales Growth in Utah, post-DSM summarizes Utah state forecasted
sales growth by customer class.

Table A.12 — Forecasted Retail Sales Growth in Utah, post-DSM

Utah Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 7,053,764 9,280,716 7,951,967 221,290 51,501 24,559,238
2022 7,067,147 9,707,481 8,002,444 216,942 45,608 25,039,622
2023 7,119,606 10,048,998 8,092,662 211,493 40,843 25,513,603
2024 7,213,987 10,280,843 8,077,013 206,050 37,505 25,815,398
2025 7,280,042 10,478,187 8,091,621 199,545 35,095 26,084,490
2026 7,416,655 10,562,626 6,729,247 193,084 33,644 24,935,256
2027 7,551,739 10,608,971 6,752,477 183,304 32,760 25,129,251
2028 7,734,200 10,718,474 6,783,092 171,698 32,328 25,439,792
2029 7,852,413 10,741,666 6,785,091 159,400 31,925 25,570,495
2030 7,977,046 10,753,325 6,871,983 144,262 31,745 25,778,360
Compound Annual Growth Rate
2021-30 1.38% 1.65% -1.61% -4.64% -5.23% 0.54%
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Idaho

Table A.13 - Forecasted Retail Sales Growth in Idaho, post-DSM summarizes Idaho state
forecasted sales growth by customer class.

Table A.13 - Forecasted Retail Sales Growth in Idaho, post-DSM

Idaho Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 707,725 498,044 1,785,159 636,507 2,557 3,629,993
2022 696,381 512,893 1,787,439 636,356 2,506 3,635,575
2023 695,209 522,820 1,773,920 636,379 2,453 3,630,781
2024 703,628 528,557 1,760,259 636,762 2,406 3,631,612
2025 706,280 527,074 1,758,834 636,846 2,344 3,631,379
2026 710,983 525,924 1,757,288 636,646 2,289 3,633,130
2027 715,049 524,117 1,753,296 636,000 2,234 3,630,697
2028 721,463 524,558 1,748,147 635,141 2,187 3,631,496
2029 721,451 520,988 1,741,166 634,212 2,128 3,619,945
2030 720,891 518,341 1,739,423 633,313 2,078 3,614,045
Compound Annual Growth Rate
2021-30 | 0.21% 0.44% -0.29% -0.06% -2.28% -0.05%
Wyoming

Table A.14 — Forecasted Retail Sales Growth in Wyoming, post-DSM summarizes Wyoming state
forecasted sales growth by customer class.

Table A.14 — Forecasted Retail Sales Growth in Wyoming, post-DSM

Wyoming Retail Sales — Megawatt-hours (MWh)
Year Residential Commercial Industrial Irrigation Lighting Total
2021 972,095 1,303,915 6,258,509 25,261 11,950 8,571,729
2022 951,688 1,330,238 6,509,288 25,226 11,907 8,828,346
2023 937,271 1,338,751 6,744,378 25,202 11,836 9,057,438
2024 919,862 1,311,712 6,907,156 25,198 11,756 9,175,684
2025 895,593 1,265,534 6,894,504 25,191 11,541 9,092,363
2026 876,667 1,212,808 6,999,330 25,181 11,262 9,125,247
2027 856,587 1,157,113 7,043,662 25,156 10,846 9,093,365
2028 841,305 1,105,125 7,101,457 25,127 10,292 9,083,306
2029 821,282 1,050,476 7,137,716 25,091 9,497 9,044,063
2030 801,102 994,062 7,232,736 25,060 8,593 9,061,553
Compound Annual Growth Rate
2019-28 -2.13% -2.97% 1.62% -0.09% -3.60% 0.62%
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Alternative Load Forecast Scenarios

The purpose of providing alternative load forecast cases is to determine the resource type and
timing impacts resulting from a change in the economy or system peaks as a result of higher than
normal temperatures and varying economic conditions.

The June 2020 forecast is the baseline scenario. For the high and low load growth scenarios,
optimistic and pessimistic economic driver assumptions from IHS Markit were applied to the
economic drivers in the Company’s load forecasting models. These growth assumptions were
extended for the entire forecast horizon. Further, the high and low load growth scenarios also
incorporate the standard error bands for the energy and the peak forecast to determine a 95%
prediction interval around the base IRP forecast.

The 95% prediction interval is calculated at the system level and then allocated to each state and
class based on their contribution to the variability of the system level forecast. The standard error
bands for the jurisdictional peak forecasts were calculated in a similar manner. The final high load
growth scenario includes the optimistic economic forecast plus the monthly energy adder and the
monthly peak forecast with the peak adder. The final low load growth scenario includes the
pessimistic economic forecast minus the monthly energy adder and monthly peak forecast minus
the peak adder.

For the 1-in-20 year (5 percent probability) extreme weather scenario, the Company used 1-in-20
year peak weather for summer (July) months for each state. The 1-in-20 year peak weather is
defined as the year for which the peak has the chance of occurring once in 20 years.

The climate change scenario relies on projected temperature increases over 1990 average
temperatures as determined by the United States Bureau of Reclamation (Reclamation) in the
West-Wide Climate Risk Assessments: Hydroclimate Projections Study (Study).> The Company
determined daily average temperatures and peak producing temperatures that correspond to the
midpoint of the projected temperature increase ranges in the study. The Company used those
temperatures to project the jurisdictional energy and jurisdictional peaks in the scenario.

Table A.15 — Projected Range of Temperature Change in the 2020s and 2050s relative to the 1990s
below provides the projected range of temperature change for select sites within PacifiCorp’s
service territory, which were ultimately used to model projected temperatures in the 2021 IRP
climate change scenario.

3 United States Bureau of Reclamation, March 2016, Managing Water in the West, Technical Memorandum No. 86-
68210-2016-01, West-Wide Climate Risk Assessments: Hydroclimate Projections.
https://www.usbr.gov/climate/secure/docs/2016secure/wwcra-hydroclimateprojections.pdf
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Table A.15 — Projected Range of Temperature Change in the 2020s and 2050s relative to the
1990s*

PacifiCorp Projected Range of Temperature Change
Jurisdiction CF)
Bureau of Reclamation Site Assumption 2020s 2050s
Klamath River near Klamath California 1.4t02.4 2.6t04.4
Snake River Near Heise Idaho 1.6to 3.1 3.1t05.6
Klamath River near Seiad Valley Oregon 14t02.5 2.7t04.5
Green River near Greendale Utah 1.7t03.1 3.1to5.7
Yakima River at Parker Washington 1.5t02.6 2.7t05.0
Green River near Greendale Wyoming 1.7t03.1 3.1t05.7

Figure A.11 shows the comparison of the above scenarios relative to the Base Case scenario.

Figure A.11 — Load Forecast Scenarios for 1-in-20 Weather, Climate Change, High, Base
Case and Low, pre-DSM
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4 United States Bureau of Reclamation, March 2016, Managing Water in the West, Technical Memorandum No. 86-
68210-2016-01, West-Wide Climate Risk Assessments: Hydroclimate Projections.
https://www.usbr.gov/climate/secure/docs/2016secure/wwcra-hydroclimateprojections.pdf
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APPENDIX B - IRP REGULATORY COMPLIANCE

Introduction

This appendix describes how PacifiCorp’s 2021 Integrated Resource Plan (IRP) complies with (1)
the various state commission IRP standards and guidelines, (2) specific analytical requirements
stemming from acknowledgment orders for the company’s 2019 Integrated Resource Plan, and
other ongoing IRP acknowledgement order requirements as applicable, and (3) state commission
IRP requirements stemming from other regulatory proceedings.

Included in this appendix are the following tables:

e Table B.1 - Provides an overview and comparison of the rules in each state for which IRP
submission is required.*?

e Table B.2 - Provides a description of how PacifiCorp addressed the 2019 IRP
acknowledgement order requirements and other commission directives.

e Table B.3 - Provides an explanation of how this plan addresses each of the items contained in
the Oregon IRP guidelines.

e Table B.4 - Provides an explanation of how this plan addresses each of the items contained in
the Public Service Commission of Utah IRP Standard and Guidelines issued in June 1992.

e Table B.5 - Provides an explanation of how this plan addresses each of the items contained in
the Washington Utilities and Transportation Commission IRP rules issued in December 2020
in WAC 480-100-620.

e Table B.6 - Provides an explanation of how this plan addresses each of the items contained in
the Wyoming Public Service Commission IRP guidelines updated in March 2016.

General Compliance

PacifiCorp prepares the IRP on a biennial basis and files the IRP with state commissions. The
preparation of the IRP is done in an open public process with consultation from all interested
parties, including commissioners and commission staff, customers, and other stakeholders. This
open process provides parties with a substantial opportunity to contribute information and ideas in
the planning process, and also serves to inform all parties on the planning issues and approach.
The public input process for this IRP will be described in Volume I, Chapter 2 — Introduction, as
well as Volume II, Appendix C — Public Input fully complies with IRP standards and guidelines.

33 California Public Utilities Code Section 454.5 allows utility with less than 500,000 customers in the state to
request an exemption from filing an IRP. However, PacifiCorp files its IRP and IRP supplements with the California
Public Utilities Commission to address the company plan for compliance with the California RPS requirements.
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The IRP provides a framework and plan for future actions to ensure PacifiCorp continues to
provide reliable and least-cost electric service to its customers. The IRP evaluates, over a twenty-
year planning period, the future load of PacifiCorp customers and the resources required to meet
this load.

To fill any gap between changes in loads and existing resources, while taking into consideration
potential early retirement of existing coal units as an alternative to investments that achieve
compliance with environmental regulations, the IRP evaluates a broad range of available resource
options, as required by state commission rules. These resource options include supply-side,
demand-side, and transmission alternatives. The evaluation of the alternatives in the IRP, as
detailed in Volume I, Chapter 8 (Modeling and Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection Results) meets this requirement and includes the impact to
system costs, system operations, supply and transmission reliability, and the impacts of various
risks, uncertainties and externality costs that could occur. To perform the analysis and evaluation,
PacifiCorp employs a suite of models that simulate the complex operation of the PacifiCorp system
and its integration within the Western interconnection. The models allow for a rigorous testing of
a reasonably broad range of commercially feasible resource alternatives available to PacifiCorp on
a consistent and comparable basis. The analytical process, including the risk and uncertainty
analysis, fully complies with IRP standards and guidelines, and is described in detail in Volume I,
Chapter 8 — Modeling and Portfolio Evaluation Approach.

The IRP analysis is designed to define a resource plan that is least-cost, after consideration of risks
and uncertainties. To test resource alternatives and identify a least-cost, risk adjusted plan,
portfolio resource options were developed and tested against each other. This testing included
examination of various tradeoffs among the portfolios, such as average cost versus risk, reliability,
customer rate impacts, and average annual carbon dioxide (CO2) emissions. This portfolio analysis
and the results and conclusions drawn from the analysis are described in Volume I, Chapter 9 —
Modeling and Portfolio Selection Results.

Consistent with the IRP standards and guidelines of Oregon, Utah, and Washington, this IRP
includes an Action Plan in Volume I, Chapter 10 — Action Plan. The Action Plan details near-
term actions that are necessary to ensure PacifiCorp continues to provide reliable and least-cost
electric service after considering risk and uncertainty. The Action Plan also provides a progress
report on action items contained in the 2019 IRP.

The 2021 IRP and related Action Plan are filed with each commission with a request for
acknowledgment or acceptance, as applicable. Acknowledgment or acceptance means that a
commission recognizes the IRP as meeting all regulatory requirements at the time of
acknowledgment. In a case where a commission acknowledges the IRP in part or not at all,
PacifiCorp may modify and seek to re-file an IRP that meets their acknowledgment standards or
address any deficiencies in the next plan.

State commission acknowledgment orders or letters typically stress that an acknowledgment does
not indicate approval or endorsement of IRP conclusions or analysis results. Similarly, an
acknowledgment does not imply that favorable ratemaking treatment for resources proposed in the
IRP will be given.
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California

Public Utilities Code Section 454.52, mandates that the California Public Utilities Commission
(CPUC) adopt a process for load serving entities to file an IRP beginning in 2017. In February
2016, the CPUC opened a rulemaking to adopt an IRP process and address the scope of the IRP to
be filed with the CPUC (Docket R.16.02.007).

Decision (D.) 18-02-018 instructed PacifiCorp to file an alternative IRP consisting of any IRP
submitted to another public regulatory entity within the previous calendar year (Alternative Type
2 Load Serving Entity Plan). D. 18-02-018 also instructed PacifiCorp to provide an adequate
description of treatment of disadvantaged communities, as well as a description of how planned
future procurement is consistent with the 2030 Greenhouse Gas Benchmark.

On October 18, 2019, PacifiCorp submitted its 2019 IRP in compliance with D.18-02-018.

On April 6, 2020, the CPUC issued D.20-03-028, which reiterated PacifiCorp’s ability to file an
alternative IRP.

Idaho

The Idaho Public Utilities Commission’s (Idaho PUC) Order No. 22299, issued in January 1989,
specifies integrated resource planning requirements. This order mandates that PacifiCorp submit
a Resource Management Report (RMR) on a biennial basis. The intent of the RMR is to describe
the status of IRP efforts in a concise format, and cover the following areas:

Each utility's RMR should discuss any flexibilities and analyses considered during
comprehensive resource planning, such as: (1) examination of load forecast
uncertainties, (2) effects of known or potential changes to existing resources, (3)
consideration of demand and supply side resource options, and (4) contingencies
for upgrading, optioning and acquiring resources at optimum times (considering
cost, availability, lead time, reliability, risk, etc.) as future events unfold.

This IRP is submitted to the Idaho PUC as the Resource Management Report for 2021, and fully
addresses the above report components.

Oregon

This IRP is submitted to the Oregon Public Utility Commission (OPUC) in compliance with its
planning guidelines issued in January 2007 (Order No. 07-002). The Oregon PUC’s IRP guidelines
consist of substantive requirements (Guideline 1), procedural requirements (Guideline 2), plan
filing, review, and updates (Guideline 3), plan components (Guideline 4), transmission (Guideline
5), conservation (Guideline 6), demand response (Guideline 7), environmental costs (Guideline 8,
Order No. 08-339), direct access loads (Guideline 9), multi-state utilities (Guideline 10), reliability
(Guideline 11), distributed generation (Guideline 12), resource acquisition (Guideline 13), and
flexible resource capacity (Order No. 12-0133*). Consistent with the earlier guidelines (Order 89-
507), the Oregon PUC notes that acknowledgment does not guarantee favorable ratemaking

34 Public Utility Commission of Oregon, Order No. 12-013, Docket No. 1461, January 19, 2012.
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treatment, only that the plan seems reasonable at the time acknowledgment is given. Table B
provides detail on how this plan addresses each of the requirements.

Utah

This IRP is submitted to the Public Service Commission of Utah in compliance with its 1992 Order
on Standards and Guidelines for Integrated Resource Planning (Docket No. 90-2035-01, “Report
and Order on Standards and Guidelines”). Table B documents how PacifiCorp complies with each
of these standards.

Washington

This IRP is submitted to the Washington Ultilities and Transportation Commission (WUTC) in
compliance with its rule requiring least cost planning (Washington Administrative Code 480-100-
238) (as amended, January 2006). In addition to a least cost plan, the rule requires provision of a

two-year action plan and a progress report that “relates the new plan to the previously filedplan.”

The rule requires PacifiCorp to submit a work plan for informal commission review not later than
12 months prior to the due date of the plan. The work plan is required to lay out the contents of the
IRP, the resource assessment method, and timing and extent of public participation. PacifiCorp
filed a work plan with the WUTC on March 28, 2018, in Docket UE-180259. Table B. provides
detail on how this IRP addresses each of the rule requirements.

Regulatory implementation of the planning sections of the Clean Energy Transformation Act
(CETA) through Docket UE- 190698 specified the development, timing, and required content of
an IRP and Clean Energy Action Plan (CEAP). Commission General Order R-601 adopted the
amended IRP and CETA compliance rules. PacifiCorp’s 2021 IRP was designed to be compliant
with the rules in WAC 480-100-600 through WAC 480-100-665.

Wyoming

Wyoming Public Service Commission issued new rules that replaced the previous set of rules on
March 21, 2016. Chapter 3, Section 33 outlines the requirements on filing IRPs for any utility
serving Wyoming customers. The rule, shown below, went into effect in March 2016.

Table B.1 provides detail on how this plan addresses the rule requirements.

Section 33. Integrated Resource Plan (IRP).
Each utility serving in Wyoming that files an IRP in another jurisdiction shall file that IRP
with the Commission. The Commission may require any utility to file an IRP.
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Table B.1 — Integrated Resource Planning Standards and Guidelines Summary by State

Topic Oregon Utah Washington Idaho Wyoming
Source Order No. 07-002, Docket 90-2035-01 WAC 480-100-251 Least | Order 22299 Wyoming Electric, Gas
Investigation Into Standards and Guidelines | cost planning, May 19, Electric Utility and Water Ultilities,
Integrated Resource for Integrated Resource 1987, and as amended Conservation Standards Chapter 3, Section 33,
Planning, January 8, Planning June 18, 1992. from WAC 480-100-238 and Practices March 21, 2016.
2007, as amended by Least Cost Planning January, 1989.
Order No. 07-047. Rulemaking, January 9,
2006 (Docket # UE-
Order No. 08-339, 030311).
Investigation into the
Treatment of CO2 Risk in .
the Integrated Resource Commission General
Planning Process, June Order R-601 further
30. 2008, adoptgd IRP .rules
’ compliant with CETA.
Order No. 09-041, New
Rule OAR 860-027-0400,
implementing Guideline
3, “Plan Filing, Review,
and Updates”.
Order No. 12-013,
“Investigation of Matters
related to Electric
Vehicle Charging”,
January 19, 2012.
Filing Least-cost plans must be An IRP is to be submitted | Submit a least cost plan to | Submit Resource Each utility serving in
Requirements | filed with the Oregon to commission. the WUTC. Plan to be Management Report on Wyoming that files and
PUC. developed with planning status. Also file | IRP in another
consultation of WUTC progress reports on jurisdiction, shall file the
staff, and with public conservation, low-income | IRP with the commission.
involvement. programs, lost
opportunities and
capability building.
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Frequency Plans filed biennially, File biennially. Unless otherwise ordered | RMR to be filed at least The commission may
within two years of its by the commission, each biennially. Conservation require any utility to file
previous IRP electric utility must file an | reports to be filed an IRP.
acknowledgment order. integrated resource plan annually. Low income
An annual update to the (IRP) with the reports to be filed at least
most recently commission by January 1, | annually. Lost
acknowledged IRP is 2021, and every four Opportunities reports to
required to be filed on or years thereafter. be filed at least annually.
before the one-year Capability building
anniversary of the At least every two years reports to be filed at least
acknowledgment order o . annually.

L . after the utility files its
date. While informational -
only, utilities may request IRP, beginning January 1,
’ 2023, the utility must file
acknowledgment of 2 tWO-VenT DIORIESS
proposed changes to the Wo-year prog
: report.

action plan.
Commission Least-cost plan (LCP) IRP acknowledged if The plan will be Report does not constitute | Commission advisory
Response acknowledged if found to | found to comply with considered, with other pre-approval of proposed | staff reviews the IRP as

comply with standards
and guidelines. A decision
made in the LCP process
does not guarantee
favorable rate-making
treatment. The OPUC
may direct the utility to
revise the IRP or conduct
additional analysis before
an acknowledgment order
is issued.

Note, however, that Rate
Plan legislation allows
pre-approval of near-term
resource investments.

standards and guidelines.
Prudence reviews of new
resource acquisitions will
occur during rate making
proceedings.

available information,
when evaluating the
performance of the utility
in rate proceedings.

WUTC sends a letter
discussing the report,
making suggestions and
requirements and
acknowledges the report.

resource acquisitions.

Idaho sends a short letter
stating that they accept
the filing and
acknowledge the report as
satisfying commission
requirements.

directed by the
Commission and drafts a
memo to report its
findings to the
commission in an open
meeting or technical
conference.
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effects, and a short-term
(two-year) action plan.
The IRP process should
result in the selection of
that mix of options which
yields, for society over
the long run, the best
combination of expected
costs and variance of
costs.

term (four-year) action
plan. Specific actions for
the first two years and
anticipated actions in the
second two years to be
detailed. The IRP process
should result in the
selection of the optimal
set of resources given the
expected combination of
costs, risk and
uncertainty.

term (two-year) action
plan.

The plan describes mix of
resources sufficient to
meet current and future
loads at “lowest
reasonable” cost to utility
and ratepayers. Resource
cost, market volatility
risks, demand-side
resource uncertainty,
resource dispatchability,
ratepayer risks, policy
impacts, environmental
risks, and equitable
distribution of benefits
must be considered.

obligations at least-cost,
with equal consideration
to demand side resources.
Plan to address risks and
uncertainties. Emphasis
on clarity,
understandability,
resource capabilities and
planning flexibility.

Process The public and other Planning process open to | In consultation with Utilities to work with The review may be
utilities are allowed the public at all stages. WUTC staff, develop and | commission staff when conducted in accordance
significant involvement in | IRP developed in implement a public reviewing and updating with guidelines set from
the preparation of the consultation with the involvement plan. RMRs. Regular public time to time as conditions
plan, with opportunities to | commission, its staff, with | Involvement by the public | workshops should be part | warrant.
contribute and receive ample opportunity for in development of the of process.
information. Order 07- public input. plan is required. The Public Service
002 requires that the PacifiCorp is required to Commission of Wyoming,
utility present IRP results submit a work plan for in its Letter Order on
to the Oregon PUC at a informal commission PacifiCorp’s 2008 IRP
public meeting prior to review not later than 15 (Docket No. 2000-346-
the deadline for written months prior to the due EA-09) adopted
public comments. date of the plan. The work commission Staff’s
Commission staff and plan is to lay out the recommendation to
parties should complete contents of the IRP, expand the review process
their comments and resource assessment to include a technical
recommendations within method, and timing and conference, an expanded
six months after IRP extent of public public comment period,
filing. participation. and filing of reply
Competitive secrets must comments.
be protected.

Focus 20-year plan, with end- 20-year plan, with short- 20-year plan, with short- 20-year plan to meet load | Identification of least-

cost/least-risk resources
and discussion of
deviations from least-cost
resources or resource
combinations.
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As part of the IRP,
utilities must develop a
ten-year clean energy
action plan for
implementing RCW
19.405.030 through
19.405.050.

IRP will include:

e Range of forecasts of

Elements Basic elements include: The plan shall include:

o A range of forecasts of

Discuss analyses
considered including:

Proposed Commission

e All resources evaluated Staff guidelines issued

on a consistent and
comparable basis.

Risk and uncertainty
must be considered.

The primary goal must
be least cost, consistent
with the long-run
public interest.

The plan must be
consistent with Oregon
and federal energy
policy.

External costs must be
considered, and
quantified where
possible. OPUC
specifies
environmental adders
(Order No. 93-695,
Docket UM 424).

Multi-state utilities
should plan their
generation and
transmission systems
on an integrated-
system basis.

Construction of
resource portfolios
over the range of

future load growth

Evaluation of all
present and future
resources, including
demand side, supply
side and market, on a
consistent and
comparable basis.

Analysis of the role of
competitive bidding

A plan for adapting to
different paths as the
future unfolds.

A cost effectiveness
methodology.

An evaluation of the
financial, competitive,
reliability and
operational risks
associated with
resource options, and
how the action plan
addresses these risks.

Definition of how risks
are allocated between
ratepayers and
shareholders

future demand using
methods that examine
the effect of economic
forces on the
consumption of
electricity and that
address changes in the
number, type and
efficiency of electrical
end-uses.

An assessment of
commercially available
conservation, including
load management, as
well as an assessment of
currently employed and
new policies and
programs needed to
obtain the conservation
improvements.
Assessment of a wide
range of conventional
and commercially
available
nonconventional
generating technologies
An assessment of
transmission system
capability and
reliability.

e Load forecast
uncertainties;

e Known or potential
changes to existing
resources;

e Equal consideration of
demand and supply
side resource options;

¢ Contingencies for
upgrading, optioning
and acquiring resources
at optimum times;

e Report on existing
resource stack, load
forecast and additional
resource menu.

July 2016 cover:

¢ Sufficiency of the
public comment process

o Utility strategic goals,
resource planning goals
and preferred resource
portfolio

e Resource need over the
near-term and long-
term planning horizons

e Types of resources
considered

e Changes in expected
resource acquisitions
and load growth from
the previous IRP

¢ Environmental impacts
considered

e Market purchase
evaluation

e Reserve margin
analysis

e Demand-side
management and
conservation options
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identified risks and
uncertainties.

Portfolio analysis shall
include fuel
transportation and
transmission
requirements.

Plan includes
conservation potential
study, demand
response resources,
environmental costs,
and distributed
generation
technologies.

Avoided cost filing
required within 30
days of
acknowledgment.

A comparative
evaluation of energy
supply resources
(including transmission
and distribution) and
improvements in
conservation using
“lowest reasonable
cost” criteria.

An assessment and
determination of
resource adequacy
metrics.

An assessment of
energy and nonenergy
benefits and reductions
of burdens to vulnerable
populations and highly
impacted communities;
long-term and short-
term public health and
environmental benefits,
costs, and risks; and
energy security risk
Integration of the
demand forecasts and
resource evaluations
into a long-range (at
least 10 years) plan.
All plans shall also
include a progress
report that relates the
new plan to the
previously filed plan.

Must develop a ten-year
clean energy action plan
for implementing RCW
19.405.030 through
19.405.050.
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e The IRP must include a
summary of substantive
changes to modeling
methodologies or inputs
that result in changes to
the utility's resource
need, as compared to
the utility's previous
IRP.

e The IRP must include
an analysis and
summary of the avoided
cost estimate for
energy, capacity,
transmission,
distribution, and
greenhouse gas
emissions costs. The
utility must list
nonenergy costs and
benefits addressed in
the IRP and should
specify if they accrue to
the utility, customers,
participants, vulnerable
populations, highly
impacted communities,
or the general public.

The utility must provide
a summary of public
comments received
during the development
of its IRP and the
utility's responses,
including whether
issues raised in the
comments were
addressed and
incorporated into the

32



PACIFICORP — 2021 IRP

APPENDIX B — IRP REGULATORY COMPLIANCE

final IRP as well as
documentation of the
reasons for rejecting
any public input
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Table B.2 — Handling of 2021 IRP Acknowledgment and Other IRP Requirements

Reference

Case No. PAC-E-
19-16, Order No.
34780, p. 13

IRP Requirement or
Recommendation

The Commission expects the
Company to actively consider the
concerns raised in comments
submitted in this case as it plans, and
to continue evaluating all resource
options and the best interests of

customers when developing the 2021
IRP.

How the Guideline is Addressed in the 2021 IRP

IPacifiCorp has included a full description of
comments received and considered within Volume II,
IAppendix C (Public Input Process).

Case No. PAC-E-
19-16, Order No.
34780, p. 13

The Commission encourages the
Company to fully study the costs and
benefits of additional transmission
resources in its 2021 IRP.

IA discussion of the transmission resources studied by
the company in the 2021 IRP is included in Volume
I, Chapter 4 (Transmission), as well as the chapters
addressing resource selection and the Action Plan.

Case No. PAC-E-
19-16, Order No.
34780, p. 13

Additionally, the Commission is
encouraged by the Company’s
development of DSM resources and
continues to encourage the study,
development, and implementation of
economical DSM programs.

The implementation of economical DSM programs is
described in PacifiCorp’s resource selection and
action plan chapters (Volume I, Chapters 9 and 10).
Studies underlying the DSM resources are posted to
the company’s IRP website.

Case No. PAC-E-
19-16, Order No.
34780, p. 13

The Commission looks forward to
observing and working with the
Company as it continues to develop
time-of-use pricing policies to help
shift peak demand in its service
territory.

PacifiCorp continues to develop time-of-use pricing
and the impact of programs is included in the
company’s load forecast, included in Volume II,
IAppendix A (Load Forecast).

Case No. PAC-E-
19-16, Order No.
34780, p. 13

Oregon

Order No. 20-186,
p-9

Finally, the Commission expects the
Company to continue refining and
enhancing its forecasting
methodologies by analyzing a broad
and diverse range of measures to avoid
disadvantageous or unfair forecasting
treatment of certain resources over
others.

Adopt Staffs condition for updated
coal analysis (direct PacifiCorp to
include in its 2021 IRP development
and updated economic study of
retirement dates for all the coal units
on PacifiCorp's system) on a timeline
that informs the 2021 IRP because we
view the coal analysis as a
fundamental input to the IRP
portfolios. Do not require a special
coal update prior to the 2021 IRP. We
leave this condition flexible, with the
direction that PacifiCorp is to include
in its 2021 IRP development process
an updated analysis identifying the

IPacifiCorp continues to refine and enhance
forecasting methodologies as described in Volume II,
\Appendix A (Load Forecast).

PacifiCorp held an initial discussion of coal
retirement analysis options as part of the
December 3, 2020 IRP Public Input meeting.
PacifiCorp’s modeling system provided multiple
retirement options for each relevant coal-fueled
generator, modified for the case requirements of
each portfolio. Specific retirement dates were
optimized as part of the Short-term deterministic
analysis. Further discussion of these processes can
be found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach).
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

most cost-effective coal retirements
individually and in combination.

Order No. 20-186,
p. 10

PacifiCorp is to work with
stakeholders on the judgement calls
where SCR can be reasonably avoided
or not.

PacifiCorp led a discussion on SCRs as part of the
December 3, 2020 public input meeting.

Order No. 20-186,
p. 10

PacifiCorp is to update its inputs for
correct Jim Bridger cost assumptions,
as well as update its assumptions to

reflect changes to the economy
associated with COVID-19.

This input has been corrected and the updated cost
assumptions were included in the IRP modeling
described in Volume I, Chapter 7 (Modeling and
Portfolio Evaluation Approach). Volume II,
Appendix A (Load Forecast) provides additional
information on COVID-19’s impact on the
economy.

Order No. 20-186,
p. 10

PacifiCorp is to provide a workshop or
update for the Oregon Commission on
PacifiCorp's timeline and sequence for
incorporating nodal pricing and other
MSP issues and EDAM into its IRP
process.

PacifiCorp filed the required update with the
Oregon Public Utility Commission on December
11, 2020 in Docket No. LC 70.

Order No. 20-186,
p. 12-13

We ask PacifiCorp to bring its capacity
needs and the economics of its energy
position into greater focus through
updates and analysis in the RFP
docket. We require additional
sensitivity analysis and request
additional explanation of how
PacifiCorp has balanced the near-term
cost and optionality benefits of relying
on available FOTs against the
reliability gains and projected long-
term economic benefits of new
resource additions.

PacifiCorp provided the sensitivity analyses and
requested explanation of how the company has
balanced near-term cost and optionality benefits
of relying on FOTs against the reliability gains
and projected long-term economic benefits of new
resource additions as part of the workpapers
provided on June 10, 2021 and supplemented on
July 25, 2021.

Order No. 20-186,
p.- 13

Direct PacifiCorp to provide a
workshop or presentation on how it
calculates the capacity contribution of
renewables (including solar and wind
co-located with battery storage) for its
2019 and 2021 IRPs.

PacifiCorp provided a workshop on the capacity
contribution of renewable resources (including
solar and wind co-located with battery storage) as
part of the January 2021 IRP Public Input
Meeting.

Order No. 20-186,
p. 13

Regarding the QF issues, we accept
PacifiCorp's commitment to produce a
sensitivity or other explanation of the
impact of renewing QFs on its load
resource balance and direct PacifiCorp
to include this in its 2021 IRP.

PacifiCorp has included an explanation of the
impact of renewing QFs on its load resource
balance as part of Volume I, Chapter 6 (Load and
Resource Balance).
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

Order No. 20-186,
p. 14

We adopt Staff's condition with
flexibility for PacifiCorp to conduct a
workshop anytime in 2020 and for
information sharing to occur between
parties in a format convenient for
participants. (Staff requests PacifiCorp
provide a presentation to Staff,
Commissioners, and any interested
stakeholders who have signed the
protective order in this docket
regarding the coal mine costs at Jim
Bridger and the drivers for the Jim
Bridger coal price forecast within 120
days of this docket's acknowledgment
order.) During our deliberations we
questioned whether this information
exchange could occur in an already
planned workshop on net power costs.
That workshop has since been held,
however, and we note that it did not
address the specific issue of Jim
Bridger fuel price forecasts applicable
to the planning timeframe.

PacifiCorp held a workshop to discuss this issue
on October 20, 2020.

Order No. 20-186,
p.14

We find that PacifiCorp reasonably
allowed for additional flexible
reserves, given its initial reliability
analysis in this IRP, but we also agree
with Staff and stakeholders that, for
future IRPs, PacifiCorp needs to
improve the analytical foundations for
incorporating additional reliability
resources into the IRP.

PacifiCorp’s move to the Plexos modeling system
provides a greater analytical foundation for
incorporating reliability resources into the IRP.
PacifiCorp further discussed compliance with this
requirement during the June 25, 2021 and July 30, 2021
public input meetings.

Order No. 20-186,
p. 17

We acknowledge Action Item 2a
subject to the condition that PacifiCorp
files all relevant workpapers for
resource acquisition and rate setting in
any customer preference RFP with the
Oregon Commission in this docket at
the time it files a request for waiver or
notice of exception under the
competitive bidding rules or within 30
days of acquisition of the resource,
whichever occurs first.

PacifiCorp acknowledges this requirement.
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

Order No. 20-186,
p- 18

We acknowledge this action item with
conditions based on Staff’s
recommendations. Our conditions on
this action item include: Updated load
and market forecasts, Off-system sales
sensitivities, and customer impacts/
revenue requirement analysis.

PacifiCorp provided materials to Staff and the
Independent Evaluator on June 10, 2021, and
supplemented information provided on July 25, 2021.

Order No. 18-138,
p. 21

Regarding conditions relating to non-
wires alternatives, we accept
PacifiCorp's offer of a Commission
workshop before the 2021 IRP is filed.
The workshop should address how
PacifiCorp's IRP relates to its long-
term transmission plan.

PacifiCorp held a workshop on non-wires alternatives
on February 4, 2021.

Order No. 20-186,
p-23

PacifiCorp should work with
stakeholders and Staff in the 2021
IRP development process to select
two to four bundling strategies in an
effort to identify the highest level of
cost- effective energy efficiency by
state and across the system. The
collaborative decision process should
consider bundling energy efficiency
measures by energy cost, capacity
contribution cost and measure type, as
well as potentially by other metrics.
The company should report on the
collaborative process, bundling
methods chosen, and any results in a

filing before the filing of the 2021 IRP.

PacifiCorp may hire a third party to
conduct this analysis if needed due to
resource constraints, but should
coordinate with stakeholders on the
scope of the work and timing.

PacifiCorp worked with Staff and stakeholders to select
bundling strategies throughout 2020. Energy Efficiency
bundles were presented as part of the January 29, 2021
public input meeting.

38




PACIFICORP — 2021 IRP

APPENDIX B — IRP REGULATORY COMPLIANCE

Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

Order No. 20-186,
p-23

Adopted Staffs conditions, including a
modified condition that: PacifiCorp
pursue demand response acquisition
with a demand response RFP. To the
extent practicable, the demand
response bids may considered with
bids from the all-source RFP.
PacifiCorp should work with non-
bidding stakeholders from Oregon and
other interested states to determine
whether PacifiCorp should move
forward with cost-effective demand
response bids, or with a demand
response pilot, or both.

PacifiCorp and/or Staff are to provide
an update on demand response efforts
at a regular public meeting before the
2021 IRP is filed.

PacifiCorp issued a demand response RFP in January 2021
and provided updates as part of the April 23, 2021 public
input meeting. PacifiCorp provided an update on demand
response efforts on August 16, 2021 and the informational
filing was on the consent agenda for the August 24, 2021
regular public meeting.

Order No. 20-186,
p-23

Staff recommends that PacifiCorp
conduct a Class 3 DSM workshop.
PacifiCorp agreed to provide a
stakeholder workshop during 2021 IRP
development. We ask that the 2021
IRP summarize the timeframes and
participation rates of any existing or
planned Class 3 DSM pilots or
schedules.

PacifiCorp held Conservation Potential Assessment
workshop on August 28, 2020 in compliance with this
requirement. A summary of DSM programs and pilots can
be found in Volume II, Appendix D (DSM Resources).

Order No. 20-186,
p. 24

We acknowledge this action item (6,
sale of RECs) and accept PacifiCorp's
agreement to add detail to this
language in the 2021 IRP to more
clearly explain its REC management
for states with and without RPS
requirements management of RECs.

PacifiCorp has added detail as directed as part of Volume I,
Chapter 3 (Planning Environment).

Order No. 20-186,
p. 24

Require PacifiCorp include a proposal
for the scope of a potential climate
adaptation study in its 2021 IRP. This
will also allow PacifiCorp to use its
next IRP process to solicit stakeholder
feedback on the scope of its plan.
Additional discussion in the 2021 IRP
of adaptation actions already taking
place in the course of normal business,
such as changes to modeling inputs
such as heating and cooling days or
water constraints, is encouraged in

the meantime.

PacifiCorp has developed a scope for a potential climate
adaptation study and the scope is included in Volume I,
Chapter 8 (Modeling and Portfolio Evaluation). The
company has also prepared a “future climate change”
sensitivity that takes into account streamflow, snowpack,
rainfall, and changes in heating and cooling degree days.
The future climate change scenario is also included in
Chapter 8.
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IRP Requirement or How the Guideline is Addressed in the 2021 IRP
Reference Recommendation
Order No. 20-186, | As an IRP housekeeping matter, we PacifiCorp and Commission Staff met during the second
p. 25-26 seek to reduce the Oregon compliance quarter of 2021 to discuss opportunities to streamline ﬁhng

items that PacifiCorp carries forward requirements. Following discussions, parties agreed on

in each IRP. We ask PacifiCorp and proppseq changes to the reporting process to drive
P efficiencies, and Staff proposed to recommend the agreed-

Staff to review the Oregon compliance S
. . L2, upon changes for Commission acknowledgement as part of
list, to determine which items they the 2021 IRP Staff Report.

both agree are no longer relevant or
necessary, and to provide an update on
the list in the 2021 IRP docket. If
certain items are not agreed upon or
require our review, we ask Staff to
bring those to a public meeting before

the 2021 IRP.

19-035-02, p.12 dynamic nature of IRP processes
generally, and we find PacifiCorp’s
treatment of the PTC in the 2019 IRP
is consistent with the Guidelines.
Because resource approval is a
separate process from IRP
acknowledgment, though, we fully
expect that dockets related to resource
approval or a certificate of public
convenience and necessity would
include adequate evaluation of the
PTC extension. We also expect those
dockets to give meaningful attention to
potential future increases in the
Wyoming wind tax.

Order, Docket No. | Any FERC queue reform will certainly |PacifiCorp acknowledges this requirement and has

19-035-02, p.13 impact some of the issues addressed by [included a summary of queue reform in Volume I, Chapter
the 2019 IRP, but the ongoing nature 4 (Transmission). PacifiCorp acknowledges that the
of that proce S’S does not impact implications of queue reform will be evaluated in future

whether PacifiCorp substantially dockets, including potentially through the Integrated

complied with the Guidelines in the Resource Planning process.
development of the 2019 IRP. Other
dockets, including future integrated
resource planning, are appropriate
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

venues to evaluate the implications of
the results of queue reform.

Order, Docket No.
19-035-02, p.15

Reliability assessments will only
become more crucial as PacifiCorp’s
resource mix changes in the future,
and those assessments must become an
increasingly core aspect of future IRP
processes.

PacifiCorp has included a chapter on reliability and
resiliency as part of the 2021 IRP. Additional information
can be found in Volume I, Chapter 5 (Reliability and
Resiliency).

Order, Docket No.
19-035-02, p.18

We find PacifiCorp has reasonably
evaluated DSM in the 2019 IRP
considering all appropriate factors
necessary to comply with the
requirement in Guideline 4.b for a
consistent and comparable evaluation
of resources, including DSM. In
addition, since it appears that many of
UCE/SWEEP’s concerns stem from
the CPA, we find that PacifiCorp has
appropriately addressed that issue with
a commitment to work with
stakeholders to identify potential
improvements to the CPA
methodology and other modeling
changes during the upcoming 2021
IRP process.

PacifiCorp has worked extensively with stakeholders
throughout the development of the 2021 IRP. The company
held four CPA-specific workshops (January 21, 2020,
February 18, 2020, April 16, 2020, and August 28, 2020)
and responded to questions/recommendations through the
stakeholder feedback form process. Additional information
on DSM resources can be found in Volume 11, Appendix D
(DSM Resources), and information on the
recommendations received through the stakeholder
feedback process can be found in Volume II, Appendix C
(Public Input Process).

Order, Docket No.
19-035-02, p.19-20

We conclude that PacifiCorp’s
commitment to provide materials three
business days in advance of meetings
generally satisfies Guideline 3. If a
party can demonstrate, in the future, a
pattern of unwillingness to provide
meeting materials far enough in
advance of meetings to allow parties to
reasonably prepare, we could consider
re-opening the Guidelines to make
them more specific.

PacifiCorp acknowledges this ongoing requirement.

Order, Docket No.
19-035-02, p.20-21

We decline to modify the Guidelines at
this time to make them more specific
in connection with these requests of
OCS (requirement of a customer rate
impact analysis) and DPU (separate
EV forecasts, and trends in the
observed forecast overestimation). If a
party can demonstrate, in the future, a
pattern of unwillingness to provide
reasonable responses to information
requests, we could consider re-opening
the Guidelines to make them more
specific.

PacifiCorp acknowledges this requirement.
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

Order, Docket No.
19-035-02, p. 26

Washington

UE-180259, Order
03 Granting
Petition, p.1

PacifiCorp filed extensive
documentation and workpapers with
the 2019 IRP. The level of detail is
useful and the information provided is
well-organized. We commend
PacifiCorp for making this information
readily available and encourage
PacifiCorp to continue to provide such
detailed back-up data and workpapers
in future IRPs.

A CEIP must be based on an IRP that
complies with the new statutory
requirements. Specifically, the CEIP
must “be informed by the investor-
owned utility’s clean energy action
plan” (CEAP), which is one of the new
legislative requirements for electric
IRPs. (RCW 19.405.060(1)(b)(i);
RCW 19.280.030.)

PacifiCorp acknowledges this requirement.

PacifiCorp acknowledges this requirement and has
worked with Commission Staff to ensure that the
2021 IRP is compliant with the new legislative
requirements for electric IRPs per RCW 19.405 and
RCW 19.280.

UE-180259, Order
03 Granting
Petition, p.1

Subsequent electric IRP filings must,
therefore, be fully compliant with the
new statutory requirements and be
filed timely to allow incorporation of
the CEAP into the CEIP. (See Chapter
19.405 RCW (Clean Energy
Transformation Act (CETA)); RCW
19.280.030; RCW 80.28.405; RCW
19.405.060.)

PacifiCorp’s 2021 IRP is compliant with each
requirement under CETA as detailed in Table B.5
below.

UE-180259, Order
03 Granting
Petition, p.6

Pacific Power & Light Company’s
next draft IRP must be submitted by
January 4, 2021, and its next final IRP
must be submitted by April 1, 2021.

In UE-200420, Order 01, the Commission granted
PacifiCorp’s Petition for Exemption, allowing
additional time to complete necessary analysis.
PacifiCorp has filed a compliant IRP by September 1,
2021, as directed in Order O1.

UE-200420, Order
02 Requiring
Compliance

1(a) Integrate the demand forecasts
and resource evaluations into a long-
range IRP solution describing the mix
of resources that meet current and
projected resource needs, abiding by a
variety of constraints pursuant to
statute and per Commission rule.

PacifiCorp’s portfolio modeling process meets this
requirement. Inputs are discussed in Volume I,
Chapter 6 (Load and Resource Balance) and Chapter
7 (Resource Options). The modeling process and
portfolio selection is included in Volume I, Chapter 8
(Modeling and Portfolio Evaluation) and Chapter 9
(Modeling and Portfolio Selection).

UE-200420, Order
02 Requiring
Compliance

1(b) Provide a narrative illustrating
step-by-step how the social cost of
greenhouse gas emissions (SCGHG)
cost adder is applied throughout its
modeling logic. The SCGHG impact
on the Company’s modeling and
portfolio analyses should be addressed
in numerous variables, including
PacifiCorp’s imports and contracts
and forward price curves.

PacifiCorp has included a step-by-step discussion of
how SCGHG is applied to the portfolio modeling
process as part of Volume I, Chapter 8 (Modeling
and Portfolio Evaluation). The summary includes a
description of how the SCGHG is included in the
imodel, and which variables are impacted.
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IRP Requirement or

How the Guideline is Addressed in the 2021 IRP

Reference Recommendation
UE-200420, Order | 1(c) Include an assessment of battery  [PacifiCorp’s 2021 IRP portfolio modeling process
02 Requiring and pumped storage for integrating included battery and pumped storage as capacity
Compliance renewable resources. The assessment  |options to integrate renewables. A description of the

may consider ancillary services at the
appropriate granularity required to
model such resources.

resources can be found in Volume I, Chapter 7
(Resource Options), and a description of the portfolio
selection can be found in Volume I, Chapter 9
(Modeling and Portfolio Selection).

UE-200420, Order
02 Requiring
Compliance

1(d) Provide precise analyses and an
explanatory narrative describing the
alternative lowest reasonable cost and
reasonably available portfolio in the
absence of CETA. Staff encourages
PacifiCorp to exercise its professional
judgment regarding many scenario
details. However, for additional
guidance, PacifiCorp could consider
how its peer Washington investor-
owned utilities have approached this
scenario. For example, Puget Sound
Energy’s counterfactual scenario has
decidedly fewer transmission capacity
constraints to serve Washington load
since the utility would not need to
meet GHG neutral nor 100 percent
clean energy targets in 2030 and 2045,
respectively. The Commission expects
this CETA counterfactual scenario will
yield a baseline portfolio that includes
the SCGHGs and differs from the
CETA-compliant preferred portfolio
according to rule.

PacifiCorp’s alternative lowest reasonable cost and
reasonably available portfolio is described in Volume
I, Chapter 8 (Modeling and Portfolio Evaluation).
Chapter 8 includes a narrative describing the
portfolio, as well as other scenario details.

UE-200420, Order
02 Requiring
Compliance

1(e) Include a future climate change
scenario as proposed in the company’s
IRP

A description and narrative of PacifiCorp’s future
climate change scenario is included in Volume I,
Chapter 8 (Modeling and Portfolio Evaluation).

UE-200420, Order
02 Requiring
Compliance

1(f) Adjust variables specific to its
Washington service territory to
develop a more robust maximum
customer benefit sensitivity. For
example, the Company could consider
what level of distributed energy
resource penetration within
PacifiCorp’s Washington service
territory would be sufficient to
preclude — or at least postpone — high-
voltage transmission buildout between
Walla Walla and Yakima and/or
between Yakima and Southern
Oregon. Forgoing constructing such
transmission could significantly reduce
eminent domain actions that can
disproportionately impact vulnerable

IA description and narrative of PacifiCorp’s
maximum customer benefit scenario is included in
'Volume I, Chapter 8 (Modeling and Portfolio
Evaluation).
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

populations. This modeling exercise
intends to maximize the hypothetical
benefit for PacifiCorp’s Washington
customers. For the 2021 IRP, this
sensitivity’s primary result is
additional data and analyses the utility
could further refine for its 2022 CEIP
and subsequent planning cycles.

UE-200420, Order
02 Requiring
Compliance

1(g) Assess its regional transmission
future needs and the extent transfer
capability limitations may affect the
future siting of resources.

PacifiCorp assesses its regional transmission future
needs throughout the IRP process, and additional
information on the interaction between transmission
availability and future resources can be found in
'Volume I, Chapter 4 (Transmission), Chapter 8
(Modeling and Portfolio Evaluation), Chapter 9
(Modeling and Portfolio Selection), and Chapter 10
(Action Plan).

UE-200420, Order
02 Requiring
Compliance

2(a) [Clean Energy Action Plan
(CEAP)] must be at the lowest
reasonable cost

PacifiCorp’s CEAP is based on the IRP preferred
portfolio, which represents the lowest reasonable cost
portfolio that serves customers reliably. A broader
discussion of portfolio cost is available in Volume I,
Chapter 9 (Modeling and Portfolio Selection).

UE-200420, Order
02 Requiring
Compliance

2(b) [CEAP] must identify and be
informed by the utility’s ten-year cost
effective conservation potential

assessment (CPA) as determined in
RCW 19.285.040

PacifiCorp’s ten-year CPA provides the inputs to
PacifiCorp’s IRP modeling that selects cost effective
conservation resources.

UE-200420, Order
02 Requiring
Compliance

2(c) [CEAP] must identify how the
utility will meet the requirements in
WAC 480-100-610(4)(c)

A discussion of CETA’s clean energy transformation
standards — including a narrative of how PacifiCorp’s
preferred portfolio sets the path to compliance — is
part of the “Resource Adequacy” section of Volume
I1, Appendix O (Washington Clean Energy Action
Plan)

UE-200420, Order
02 Requiring
Compliance

2(d) [CEAP] must establish a resource
adequacy requirement

PacifiCorp sets the resource adequacy requirement
through the IRP modeling process, which includes
'Washington customers. The full-system resource
adequacy assessment is included in Volume I,
Chapter 6 (Load and Resource Balance), and the
planning reserve margin is included for the sake of
convenience in the Volume II, Appendix O (Clean
Energy Action Plan) as part of the “Resource
|Adequacy” section.

UE-200420, Order
02 Requiring
Compliance

2(e) [CEAP] must identify the
potential cost-effective demand
response (DR) and load management
programs that may be acquired

'Volume II, Appendix O (Clean Energy Action Plan)
includes a discussion of DR and load management
programs as part of the “Resource Adequacy”
section.

UE-200420, Order
02 Requiring
Compliance

2(f) [CEAP] must identify renewable
resources, non-emitting electric
generation, and distributed energy
resources that may be acquired and
evaluate how each identified resource
may reasonably be expected to

PacifiCorp discusses these resources at a system level
in Volume I, Chapter 9 (Modeling and Portfolio
Selection) and Chapter 10 (Action Plan). PacifiCorp
also includes a list of the renewable and non-emitting
resources in Volume II, Appendix R (Clean Energy

|Action Plan) within the “Resource Adequacy”
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Reference

IRP Requirement or
Recommendation

How the Guideline is Addressed in the 2021 IRP

contribute to meeting the utility’s
resource adequacy requirement.

section.

UE-200420, Order
02 Requiring
Compliance

2(g) [CEAP] must identify any need
to develop new, or to expand or
upgrade existing, bulk transmission
and distribution facilities.

PacifiCorp has fully complied with this requirement.
IAdditional details can be found in Volume I, Chapter
10 (Action Plan) and Volume II, Appendix O (Clean
Energy Action Plan).

UE-200420, Order
02 Requiring
Compliance

2(h) [CEAP] must identify the nature
and possible extent to which the utility
may need to rely on an alternative
compliance option identified under
RCW 19.405.040(1)(b), if
appropriate; and

PacifiCorp’s preferred portfolio — included in
Volume I, Chapter 9 (Modeling and Portfolio
Selection) — meets the requirements under CETA’s
clean energy standards. A high-level discussion of
compliance risk is also included in Volume II,
IAppendix O (Clean Energy Action Plan).

UE-200420, Order
02 Requiring
Compliance

2(i) [CEAP] must incorporate the
social cost of greenhouse gas

emissions as a cost adder as specified
in RCW 19.280.030(3).

PacifiCorp included social cost of greenhouse gas as
a cost adder throughout the modeling process —
including in portfolios that were considered to
ultimately inform Volume II, Appendix O (Clean
Energy Action Plan). Additional discussion of how
the social cost of greenhouse gas emissions was
incorporated into the modeling can be found in
'Volume I, Chapter 8 (Modeling and Portfolio
Evaluation).

UE-200420, Order
02 Requiring
Compliance

3(a) Identify an appropriate resource
adequacy requirement and complete
the assessment, as required by WAC
480-100-620(8)

PacifiCorp’s assessment and determination of
resource adequacy metrics is included in Volume I,
Chapter 6 (Load and Resource Balance) and Chapter
8 (Modeling and Portfolio Evaluation). A discussion
of regional resource adequacy is included in Volume
I, Chapter 5 (Reliability and Resiliency).

UE-200420, Order
02 Requiring
Compliance

3(b) Provide resource assumptions
and market forecasts used in the
utility’s schedule of estimated avoided
costs required in WAC 480-106-040
including, but not limited to:

1)cost assumptions;
2)production estimates;
3)peak capacity contribution
estimates and annual capacity
factor estimates

PacifiCorp will include these assumptions as part of
the data disk process.

UE-200420, Order
02 Requiring
Compliance

3(c) develop a detailed narrative
describing the logic used in the Plexos
LTCE and medium-term model that
determine whether low-cost energy
efficiency or demand response are
developed or dispatched.

The logic underlying the Plexos LTCE will be
included in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation).
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IRP Requirement or

How the Guideline is Addressed in the 2021 IRP

Reference Recommendation
UE-200420, Order | 3(d) compare and evaluate all A discussion of PacifiCorp’s portfolio selection
02 Requiring identified resources and potential parameters is included in Volume I, Chapter 9
Compliance changes to existing resources for (Modeling and Portfolio Selection) as well as in

achieving the clean energy
transformation standards in WAC
480-100-610 at the lowest reasonable
cost, including a narrative of the
decisions it has made.

'Volume I, Chapter 10 (Action Plan).

UE-200420, Order
02 Requiring
Compliance

4(a) Augment its load forecasting
chapter and supporting appendices
with significantly more details. Staff
expect to see the data inputs used in
the calculation and estimated
regression results in native file format

PacifiCorp will provide the data inputs and estimated
regression results along with the IRP data disks sent
shortly after filing. Volume II, Appendix A (Load
Forecast) has been updated where possible.

UE-200420, Order
02 Requiring
Compliance

4(b) Address WAC 480-100-620(2),
including more information and
discussion regarding treatment of:

I)alternative load forecast
scenarios, including climate
change impacts;

2) “optimistic” and
“pessimistic” assumptions in
the low and high growth
models and how these
alternative forecasts differ
from the base forecast; and
3) electrification adjustments
made to the load forecast.

PacifiCorp included narrative to discuss the climate
change scenario, electrification adjustments, and
assumptions in low and high load growth models
within Volume II, Appendix A (Load Forecast). The
climate change load forecast is further discussed in
'Volume I, Chapter 5 (Reliability and Resiliency) and
Chapter 8 (Modeling and Portfolio Evaluation).

UE-200420, Order
02 Requiring
Compliance

5(a) file the conservation potential
assessment (CPA) as an appendix or
attachment to the final IRP and
specifically provide the:

1) CPA model and
underlying data;

2) DR potential model and
underlying data

PacifiCorp has included the CPA as part of the IRP
filing. Underlying data will be provided as part of the
data disk process.

UE-200420, Order
02 Requiring
Compliance

5(b) identify the DSM grid benefits,
explaining benefits:

1) Endogenous within LTCE
portfolio optimization

2) Separately determined
during the CPA process

Grid benefits endogenously determined within the
long-term capacity expansion portfolio optimization
process are discussed in Volume I, Chapter 8
(Modeling and Portfolio Evaluation) and Chapter 9
(Modeling and Portfolio Selection).

UE-200420, Order
02 Requiring
Compliance

5(c) Describe how the Plexos LTCE
model harmonizes differences in
technical achievable potential when
the optimization process applies
different load growth forecasts.

The description of the Plexos long-term capacity
expansion process and the selection of DSM is
included in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation).
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IRP Requirement or

How the Guideline is Addressed in the 2021 IRP

Reference Recommendation
UE-200420, Order | 6(a) demonstrate consideration of a IA narrative consideration of NEIs is discussed in
02 Requiring wider incorporation of non-energy 'Volume II, Appendix O (Clean Energy Action Plan).
Compliance impacts (NEIs) in addition to NEI

applications during CPA
development.

INEIs by energy efficiency measure included in the
CPA are found in Appendix G of the 2021 CPA. A
review of NEIs for demand response is found
\Appendix J of the 2021 CPA

PacifiCorp IRP team applied NEI proxy in the 2021
IRP. Proxy will be the EPA EE NEI value for
public health benefits,

*Applied to WA EE resources in Social Cost of
Carbon cases.

*Value is 2.8 ¢/kWh in 2017$ (Table ES-1, high
value of Pacific NW for Uniform EE). It will be
grossed up to 2020 dollars to be consistent with
the rest of the IRP model assumptions.

*Link to study:
https://www.epa.gov/statelocalenergy/publi
c-health-benefits-kwh-energy-efficiency-and-

renewable-energy-united-states

UE-200420, Order
02 Requiring
Compliance

6(b) Attribute NEIs considered,
indicating whether nonenergy costs
and benefits accrue to the utility,
customers, participants, vulnerable
populations, highly-impacted
communities, or the general public.

|Accrual of NEIs is discussed in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach).

UE-200420, Order
02 Requiring
Compliance

6(c) Specifically address vulnerable
populations and quantify disparate
impacts existing within PacifiCorp’s
Washington service territory in its
current-state assessment of economic,
health, and environmental impacts.

IA preliminary list identifying vulnerable populations
and a quantification of disparate impacts within

PacifiCorp’s Washington service area is discussed in
'Volume II, Appendix O (Clean Energy Action Plan).

UE-200420, Order
02 Requiring
Compliance

7(a) summarize public comments
received during the 2021 IRP
development rather than providing a
download of stakeholder feedback
forms received to date.

A summary of public comments and PacifiCorp
responses — including whether/how the feedback was
incorporated into the 2021 IRP — is included in
'Volume II, Appendix C (Public Input Process).

UE-200420, Order
02 Requiring
Compliance

7(b) Summarize utility’s
corresponding responses to public
comments; and

A summary of public comments and PacifiCorp
responses — including whether/how the feedback was
incorporated into the 2021 IRP — is included in
'Volume II, Appendix C (Public Input Process).

UE-200420, Order
02 Requiring
Compliance

7(c) Summarize whether and how
final plan addresses and incorporates
comments received.

IA summary of public comments and PacifiCorp
responses — including whether/how the feedback was
incorporated into the 2021 IRP — is included in
'Volume II, Appendix C (Public Input Process).
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IRP Requirement or

How the Guideline is Addressed in the 2021 IRP

Reference Recommendation
UE-200420, Order | 8(a) provide all data input files to the  [PacifiCorp will provide all data input files as part of
02 Requiring Commission in native format with the data disk process in the week(s) following the
Compliance appropriate context as appendices or  [filing of the IRP on September 1, 2021.

attachments to the final filing or via
accompanying data disks. Data made
available in this accessible manner
will facilitate understanding of why
PacifiCorp took the actions it did and
assist in the independent review of
such actions

UE-200420, Order
02 Requiring
Compliance

8(b) include complete data sets
informing the Company’s preferred
portfolio. Supporting data and
workpapers should allow a 2019-to-
2021 comparison of resource need

PacifiCorp will provide all data input files as part of
the data disk process in the week(s) following the
filing of the IRP on September 1, 2021.

UE-200420, Order
02 Requiring
Compliance

Wyoming

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

8(c) Ensure supporting data is easily
accessible to interested parties by
including contextual aids with the
given information. At minimum, the
company should organize its final IRP
deliverable by including a master
table of contents, readme files, and
categorically grouping related data.

Include a Reference Case based on the
2017 IRP Updated Preferred Portfolio,
incorporating updated assumptions,
such as load and market prices and any
known changes to system resources and
using environmental investments or
costs only required by current law. For
example, the reference case will not
include an estimate or assumed price or
cost for carbon emissions absent an
existing legal requirement

PacifiCorp will provide all data input files as part of
the data disk process in the week(s) following the
filing of the IRP on September 1, 2021.

PacifiCorp has complied with this requirement.
Additional information on the specified reference
case can be found in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach).

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Conduct a more extensive analysis of
the impact of alternative price-policy
scenarios on the resource plan

The impact of price-policy scenarios on the
resource plan is summarized in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach) and
Chapter 9 (Modeling and Portfolio Selection).

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Conduct a sensitivity analysis on top
performing portfolio cases and the
reference case.

PacifiCorp has complied with this requirement.
Additional information on sensitivity analyses can
be found within Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection Results).

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Investigate alternative methodologies to
integrate different reliability analyses
including regional analysis of resource
adequacy; analysis of power flow issues
caused by retiring coal units; study of
potential weather-related outages on
intermittent generation; and an analysis
of wildfire risk.

PacifiCorp has introduced a new chapter into this
IRP — Reliability and Resiliency — which includes
regional analyses of resource adequacy, a
discussion of power flow issues caused by baseload
resource retirements and how PacifiCorp
Transmission is planning for those retirements, an
assessment of weather-related outages, and a
discussion of wildfire risk and mitigation.
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Reference

IRP Requirement or

Recommendation

How the Guideline is Addressed in the 2021 IRP

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Include additional analysis on
operational experience, if any, with
battery acquisition and operations and
include a review of capabilities learned
from other utilities.

PacifiCorp has included a description of
procurement and operational experience with
battery acquisition and operations as part of Volume
I, Chapter 7 (Resource Options).

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Include an analysis that demonstrates
how the Company will maximize the
use of dispatchable and reliable low-

carbon electricity pursuant to HB200.

PacifiCorp has included Carbon Capture Utilization
and Sequestration analysis within the portfolio
modeling process. Volume I, Chapter 8 (Modeling
and Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection) provide
additional detail.

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Incorporate an analysis of any agreed
upon change to the MSP and to the
extent there are outstanding material
disagreements regarding cost allocation
at the time of filing, quantify those risks
and potential impact to Wyoming
ratepayers.

PacifiCorp has included a discussion of the current
status of the MSP within Volume I, Chapter 3
(Planning Environment). As there are no agreed-
upon changes or outstanding material
disagreements, PacifiCorp did not quantify potential
impacts. To the extent that there are changes and/or
material disagreements in future IRP cycles, the
company will include the required quantified risk.

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Include a broader analysis of all
generation types including nuclear and
natural gas.

PacifiCorp has expanded the generation types
included in the supply-side table as part of the 2021
IRP. Advanced nuclear and natural gas resources
have both been included in the supply-side table
and analyzed in the 2021 IRP.

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Include a narrative discussing impacts
and regulatory framework for
renewable generation in the Planning
Environment discussion (chapter 3).

PacifiCorp has added this narrative analysis to the
Planning Environment discussion in Volume I,
Chapter 3 (Planning Environment).

Order, Docket No.
9000-144-X1-19
(Record No. 15280)

Include an acknowledgement that each
of these requirements are addressed in
the 2021 IRP to ensure compliance.

PacifiCorp acknowledges these requirements and
has addressed each within the 2021 IRP.

Table B.3 — Oregon Public Utility Commission IRP Standard and Guidelines

l.a.1

All resources must be evaluated on a
consistent and comparable basis:

All known resources for meeting the utility’s
load should be considered, including supply-
side options which focus on the generation,
purchase and transmission of power — or gas
purchases, transportation, and storage — and
demand-side
conservation and demand response.

No. Requirement
PacifiCorp considered a wide range of resources
including renewables, demand-side management,
energy storage, power purchases, thermal resources,
and transmission. Volume I, Chapter 4
(Transmission Planning), Chapter 7 (Resource
Options), and Chapter 8 (Modeling and Portfolio
Evaluation Approach) document how PacifiCorp
developed these resources and modeled them in its
portfolio analysis. All these resources were
established as resource options in the company’s
capacity expansion optimization model, Plexos, and
selected by the model based on load requirements,
relative economics, resource size, availability dates,
and other factors.

options which focus on

How the Guideline is Addressed in the 2021
IRP
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l.a2

All resources must be evaluated on a
consistent and comparable basis:
Utilities should compare different
resource fuel types, technologies,
lead times, in-service dates,
durations and locations in portfolio
risk modeling.

All portfolios developed with Plexos were subjected
to Monte Carlo production cost simulation. These
portfolios contained a variety of resource types with
different fuel types (coal, gas, biomass, nuclear fuel,
“no fuel” renewables), lead-times (ranging from
front office transactions to nuclear plants), in-
service dates, operational lives, and locations. See
Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach), Chapter 9 (Modeling and
Portfolio Selection Results), and Volume II,
Appendix I (Capacity Expansion Results) and
Appendix J (Stochastic Simulation Results).

l.a3

All resources must be evaluated on a
consistent and comparable basis:
Consistent assumptions and
methods should be wused for
evaluation of all resources.

PacifiCorp fully complies with this requirement.
The company developed generic supply-side
resource attributes based on a consistent
characterization methodology. For demand-side
resources, the company used the Applied Energy
Group’s supply curve data developed for this IRP
for representation of DSM resources. The study was
based on a consistently applied methodology for
determining technical, market, and achievable DSM
potentials. All portfolio resources were evaluated
using the same sets of price and load forecast
inputs. These inputs are documented in Volume I,
Chapter 6 (Load and Resource Balance), Chapter 7
(Resource Options), and Chapter 8 (Modeling and
Portfolio Evaluation Approach) as well as Volume
II, Appendix D (Demand-Side Management
Resources).

l.a4

All resources must be evaluated on a
consistent and comparable basis:
The after-tax marginal weighted-
average cost of capital (WACC)
should be used to discount all future
resource costs.

PacifiCorp applied its nominal after-tax WACC of
6.88 percent to discount all cost streams.
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How the Guideline is Addressed in the 2021
No. Requirement IRP

1.b.1 Risk and uncertainty must be considered: Each of the sources of risk identified in this
At a minimum, utilities should address the guideline is treated as a stochastic variable in
following sources of risk and uncertainty: PacifiCorp’s production cost simulation with the
1. Electric utilities: load requirements, exception of CO2 emission compliance costs, which
hydroelectric generation, plant forced outages, | are treated as a scenario risk and evaluated as part
fuel prices, electricity prices, and costs to of a CO2 price assumption and a no CO2, a high
comply with any regulation of greenhouse gas | CO2, and a social cost of carbon price-policy
emissions. scenario for specific studies. See Volume I, Chapter

8 (Modeling and Portfolio Evaluation Approach)
and Volume I, Chapter 9 (Modeling and Portfolio
Selection Results).

1.b.2 Risk and uncertainty must be considered: Resource risk mitigation is discussed in Volume I,
Utilities should identify in their plans any Chapter 10 (Action Plan). Regulatory and financial
additional sources of risk and uncertainty. risks associated with resource and transmission

investments are highlighted in several areas in the
IRP document, including Volume I, Chapter 3 (
Planning Environment), Chapter 4 (Transmission),
Chapter 8 (Modeling and Portfolio Evaluation
Approach), and Chapter 9 (Modeling and Portfolio
Selection Results).

l.c The primary goal must be the selection of a PacifiCorp evaluated cost/risk tradeoffs for each of
portfolio of resources with the best the portfolios considered. See Volume I, Chapter 9
combination of expected costs and associated (Modeling and Portfolio Selection Results), Chapter
risks and uncertainties for the utility and its 10 (Action Plan), and Volume II, Appendix I
customers (“best cost/risk portfolio™). (Capacity Expansion Results) and Appendix H

(Stochastic Parameters) for the company’s portfolio
cost/risk analysis and determination of the preferred
portfolio.

l.c.l The planning horizon for analyzing resource PacifiCorp used a 20-year study period (2021-2040)
choices should be at least 20 years and account | for portfolio modeling, and a real levelized revenue
for end effects. Utilities should consider all requirement methodology for treatment of end
costs with a reasonable likelihood of being effects.
included in rates over the long term, which
extends beyond the planning horizon and the
life of the resource.

l.c.2 Utilities should use present value of revenue Volume I, Chapter 8 (Modeling and Portfolio
requirement (PVRR) as the key cost metric. Evaluation Approach) provides a description of the
The plan should include analysis of current PVRR methodology.
and estimated future costs for all long-lived
resources such as power plants, gas storage
facilities, and pipelines, as well as all short-
lived resources such as gas supply and short-
term power purchases.
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How the Guideline is Addressed in the 2021

1. Two measures of PVRR risk: one that
measures the variability of costs and one that
measures the severity of bad outcomes.

No. Requirement IRP
1.c.3.1 | To address risk, the plan should include, at a PacifiCorp uses the standard deviation of stochastic
minimum: production costs as the measure of cost variability.

For the severity of bad outcomes, the company
calculates several measures, including stochastic
upper-tail mean PVRR and the 95th percentile
stochastic production cost PVRR.

public interest as expressed in Oregon and
federal energy policies.

Guideline 2. Procedural Requirements

2.a The public, which includes other utilities,
should be allowed significant involvement in
the preparation of the IRP. Involvement
includes opportunities to contribute
information and ideas, as well as to receive
information. Parties must have an opportunity
to make relevant inquiries of the utility
formulating the plan. Disputes about whether
information requests are relevant or
unreasonably burdensome, or whether a utility
is being properly responsive, may be
submitted to the Oregon PUC for resolution.

1.c.3.2 | To address risk, the plan should include, at a A discussion on hedging is provided in Volume I,
minimum: Chapter 10 (Action Plan).
2. Discussion of the proposed use and impact
on costs and risks of physical and financial
hedging.
l.c4 The utility should explain in its plan how its Volume I, Chapter 9 (Modeling and Portfolio
resource choices appropriately balance cost Selection Results) summarizes the results of
and risk. PacifiCorp’s cost/risk tradeoff analysis, and
describes what criteria the company used to
determine the best cost/risk portfolios and the
preferred portfolio.
1.d The plan must be consistent with the long-run | PacifiCorp considered both current and potential

state and federal energy/pollutant emission policies
in portfolio modeling. Volume I, Chapter 7
(Modeling and Portfolio Evaluation Approach)
describes the decision process used to derive
portfolios, which includes consideration of state and
federal resource policies and regulations that are
summarized in Volume I, Chapter 3 (The Planning
Environment). Volume I, Chapter 9 (Modeling and
Portfolio Selection Results) provides the results.
Volume I, Chapter 10 (Action Plan) presents an
acquisition path analysis that describes resource
trigger events.

PacifiCorp fully complies with this requirement.
Volume II, Appendix C (Public Input) provides an
overview of the public input process, all public-input
meetings held for the 2021 IRP, and summarizes
public input received throughout the 2021 IRP cycle.
PacifiCorp also made use of a Stakeholder Feedback
Form for stakeholders to provide comments and offer
suggestions. Stakeholder Feedback Forms along with
the public-input meeting presentations are available
on PacifiCorp’s webpage at:
www.pacificorp.com/energy/integrated-resource-
plan.html

2.b While confidential information must be
protected, the utility should make public, in its
plan, any non-confidential information that is
relevant to its resource evaluation and action
plan. Confidential information may be
protected through use of a protective order,
through aggregation or shielding of data, or
through any other mechanism approved by the
Oregon PUC.

2021 IRP Volumes I and II provide non-
confidential information used for portfolio
evaluation, as well as other data requested by
stakeholders. PacifiCorp also provided stakeholders
with non-confidential information to support public
meeting discussions via email and in response to
Stakeholder Feedback Forms. Data discs will be
available with public data. Additionally, data discs
with confidential data will be provided to

52




PACIFICORP — 2021 IRP

APPENDIX B — IRP REGULATORY COMPLIANCE

appropriate parties through use of a general
protective order.

The utility must provide a draft IRP for public
review and comment prior to filing a final plan
with the Oregon PUC.

Guideline 3: Plan Filing, Review, and Updates
3.a

A utility must file an IRP within two years of
its previous IRP acknowledgment order. If the
utility does not intend to take any significant
resource action for at least two years after its
next IRP is due, the utility may request an
extension of its filing date from the Oregon
PUC.

PacifiCorp distributed draft IRP materials for external
review throughout the process prior to each of the
public input meetings and solicited/and received
feedback at various times when developing the 2021
IRP. The materials shared with stakeholders at these
meetings, outlined in Volume II, Appendix C (Public
Input Process), is consistent with materials presented
in Volumes I and II of the 2021 IRP report.

PacifiCorp requested and responded to comments
from stakeholders when establishing modeling
assumptions and throughout its portfolio-development
process and sensitivity definitions.

The 2021 IRP complies with this requirement.

3.b

The utility must present the results of its filed
plan to the Oregon PUC at a public meeting
prior to the deadline for written public
comment.

This activity will be conducted following the filing of
this IRP.

Commission staff and parties should complete
their comments and recommendations within
six months of IRP filing.

This activity will be conducted following the filing of
this IRP.

3d

The Commission will consider comments and
recommendations on a utility’s plan at a
public meeting before issuing an order on
acknowledgment. The Commission may
provide the utility an opportunity to revise the
IRP before issuing an acknowledgment order.

This activity will be conducted following the filing of
this IRP.
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How the Guideline is Addressed in the 2021
No. Requirement IRP

3e The Commission may provide direction to a Not applicable.

utility regarding any additional analyses or

actions that the utility should undertake in its

next IRP.

3.f (a) Each energy utility must submit an annual Not applicable to this filing; this activity will be
update on its most recently acknowledged | conducted following the filing of this IRP.

IRP. The update is due on or before the
acknowledgment order anniversary date.
Once a utility anticipates a significant
deviation from its acknowledged IRP, it
must file an update with the Oregon PUC,
unless the utility is within six months of
filing its next IRP. The utility must
summarize the update at an Oregon PUC
public meeting. The utility may request
acknowledgment of changes in proposed
actions identified in an update.

3g Unless the utility requests acknowledgment of | Not applicable to this filing; this activity will be

changes in proposed actions, the annual update | conducted following the filing of this IRP.

is an informational filing that:

e Describes what actions the utility has taken
to implement the plan;

e Provides an assessment of what has
changed since the acknowledgment order
that affects the action plan to select best
portfolio of resources, including changes in
such factors as load, expiration of resource
contracts, supply-side and demand-side
resource acquisitions, resource costs, and
transmission availability; and

e Justifies any deviations from the
acknowledged action plan.

Guideline 4. Plan Components: At a minimum, the plan must include the following elements

How the Guideline is Addressed in the 2021

No. Requirement IRP

4.a An explanation of how the utility met each of | The intent of this table is to comply with this
the substantive and procedural requirements. guideline.

4.b Analysis of high and low load growth PacifiCorp developed low, high, and extreme peak
scenarios in addition to stochastic load risk temperature (one-in-twenty probability) load growth
analysis with an explanation of major forecasts for scenario analysis using the Plexos
assumptions. model. Stochastic variability of loads was also

captured in the risk analysis. See Volume I,
Chapters 6 (Load and Resource Balance) and
Chapter 8 (Modeling and Portfolio Evaluation
Approach), and Volume II, Appendix A (Load
Forecast Detail) for load forecast information.
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How the Guideline is Addressed in the 2021
No. Requirement IRP

4.c For electric utilities, a determination of the See Chapter 6 (Load and Resource Balance) for
levels of peaking capacity and energy details on annual capacity and energy balances.
capability expected for each year of the plan, Existing transmission rights are reflected in the IRP
given existing resources; identification of model topologies. Future transmission additions
capacity and energy needed to bridge the gap used in analyzing portfolios are summarized in
between expected loads and resources; Volume I, Chapter 4 (Transmission) and Chapter 8
modeling of all existing transmission rights, as | (Modeling and Portfolio Evaluation Approach).
well as future transmission additions
associated with the resource portfolios tested.

4d For gas utilities only. Not applicable.

4.e Identification and estimated costs of all Volume I, Chapter 7 (Resource Options) identifies
supply-side and demand side resource options, | the resources included in this IRP and provides their
taking into account anticipated advances in detailed cost and performance attributes. Additional
technology. information on energy efficiency resource

characteristics is available in Volume II, Appendix
D (Demand-Side Management Resources)
referencing additional information on PacifiCorp’s
IRP website.

4.f Analysis of measures the utility intends to take | In addition to incorporating a planning reserve
to provide reliable service, including cost-risk | margin for all portfolios evaluated, as supported by
tradeofTs. an updated Stochastic Loss of Load Study in

Volume II, Appendix J (Stochastic Simulation
Results), the company used several measures to
evaluate relative portfolio supply reliability. These
measures (Energy Not Served and Loss of Load
Probability) are described in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach).
4.¢g Identification of key assumptions about the Volume I, Chapter 8 (Modeling and Portfolio
future (e.g., fuel prices and environmental Evaluation Approach) describes the key
compliance costs) and alternative scenarios assumptions and alternative scenarios used in this
considered. IRP. Volume II, Appendix I (Capacity Expansion
Detail) includes summaries of assumptions used for
each case definition analyzed in the 2021 IRP.

4.h Construction of a representative set of resource | This IRP documents the development and results of
portfolios to test various operating portfolios designed to determine resource selection
characteristics, resource types, fuels and under a variety of input assumptions in Volume I,
sources, technologies, lead times, in-service Chapters 8 (Modeling and Portfolio Evaluation
dates, durations and general locations — Approach) and Chapter 9 (Modeling and Portfolio
system-wide or delivered to a specific portion | Selection Results).
of the system.

4.1 Evaluation of the performance of the candidate | Volume I, Chapter 9 (Modeling and Portfolio
portfolios over the range of identified risks and | Selection Results) presents the stochastic portfolio
uncertainties. modeling results, and describes portfolio attributes

that explain relative differences in cost and risk
performance.

4 Results of testing and rank ordering of the Volume I, Chapter 9 (Modeling and Portfolio
portfolios by cost and risk metric, and Selection Results) provides tables and charts with
interpretation of those results. performance measure results, including rank

ordering.

4k Analysis of the uncertainties associated with See responses to 1.b.1 and 1.b.2 above.
each portfolio evaluated.
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How the Guideline is Addressed in the 2021

No. Requirement IRP

4.1 Selection of a portfolio that represents the best | See 1.c above.
combination of cost and risk for the utility and
its customers.

4.m Identification and explanation of any This IRP is designed to avoid inconsistencies with
inconsistencies of the selected portfolio with state and federal energy policies therefore none are
any state and federal energy policies that may currently identified.
affect a utility’s plan and any barriers to
implementation.

4.n An action plan with resource activities the Volume I Chapter 10 (Action Plan) presents the

utility intends to undertake over the next two
to four years to acquire the identified
resources, regardless of whether the activity
was acknowledged in a previous IRP, with the
key attributes of each resource specified as in
portfolio testing.

2019 IRP action plan.
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5

Portfolio analysis should include costs to the
utility for the fuel transportation and electric
transmission required for each resource being
considered. In addition, utilities should
consider fuel transportation and electric
transmission facilities as resource options,
taking into account their value for making
additional purchases and sales, accessing less
costly resources in remote locations, acquiring
alternative fuel supplies, and improving
reliability.

Guideline 6: Conservation

How the Guideline is Addressed in the 2021

No. Requirement IRP
Guideline 5: Transmission

PacifiCorp evaluated four sensitivities on Energy
Gateway transmission project configurations on a
consistent and comparable basis with respect to
other resources. Where new resources would
require additional transmission facilities the
associated costs were factored into the analysis.
Fuel transportation costs were factored into resource
costs.

7

conservation programs in a utility’s service

territory at a level of funding that is beyond

the utility’s control, the utility should:

1. Determine the amount of conservation
resources in the best cost/risk portfolio
without regard to any limits on funding of
conservation programs; and

2. Identify the preferred portfolio and action
plan consistent with the outside party’s
projection of conservation acquisition.

Guideline 7: Demand Response

Plans should evaluate demand response
resources, including voluntary rate programs,
on par with other options for meeting energy,
capacity, and transmission needs (for electric
utilities) or gas supply and transportation
needs (for natural gas utilities).

6.a Each utility should ensure that a conservation | PacifiCorp’s conservation potential study is
potential study is conducted periodically for its | available on the company’s webpage, and the most
entire service territory. recent results from the conservation potential

assessment have been incorporated into the IRP
modeling process.

6.b To the extent that a utility controls the level of | PacifiCorp’s energy efficiency supply curves
funding for conservation programs in its incorporate Oregon resource potential. Oregon
service territory, the utility should include in potential estimates were provided by the Energy
its action plan all best cost/risk portfolio Trust of Oregon. See the demand-side resource
conservation resources for meeting projected section in Volume I, Chapter 7 (Resource Options),
resource needs, specifying annual savings the results in Volume I, Chapter 8 (Modeling and
targets. Portfolio Selection Results), the targeted amounts in

Volume I, Chapter 9 (Action Plan) and the
implementation steps outlined in Volume I,
Appendix D (DSM Resources

6.c To the extent that an outside party administers | See the response for 6.b above.

PacifiCorp evaluated demand response resources
(Class 1 DSM) on a consistent basis with other
resources.




PACIFICORP — 2021 IRP

APPENDIX B — IRP REGULATORY COMPLIANCE

Guideline 8: Environmental Costs

No.

Requirement

How the Guideline is Addressed in the 2021
IRP

8.a

Base case and other compliance scenarios: The
utility should construct a base-case scenario to
reflect what it considers to be the most likely
regulatory compliance future for carbon
dioxide (CO,), nitrogen oxides, sulfur oxides,
and mercury emissions. The utility should
develop several compliance scenarios ranging
from the present CO, regulatory level to the
upper reaches of credible proposals by
governing entities. Each compliance scenario
should include a time profile of CO»
compliance requirements. The utility should
identify whether the basis of those
requirements, or “costs,” would be CO, taxes,
a ban on certain types of resources, or CO,
caps (with or without flexibility mechanisms
such as an allowance for credit trading as a
safety valve). The analysis should recognize
significant and important upstream emissions
that would likely have a significant impact on
resource decisions. Each compliance scenario
should maintain logical consistency, to the
extent practicable, between the CO; regulatory
requirements and other key inputs.

See Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach).

In the 2021 IRP, PacifiCorp modeled a price on
CO2 starting in 2021 within the Social Cost of
Greenhouse Gas price-policy scenarios.

8b

Testing alternative portfolios against the
compliance scenarios: The utility should
estimate, under each of the compliance
scenarios, the present value revenue
requirement (PVRR) costs and risk measures,
over at least 20 years, for a set of reasonable
alternative portfolios from which the preferred
portfolio is selected. The utility should
incorporate end-effect considerations in the
analyses to allow for comparisons of portfolios
containing resources with economic or
physical lives that extend beyond the planning
period. The utility should also modify
projected lifetimes as necessary to be
consistent with the compliance scenario under
analysis. In addition, the utility should include,
if material, sensitivity analyses on a range of
reasonably possible regulatory futures for
nitrogen oxides, sulfur oxides, and mercury to
further inform the preferred portfolio selection.

Volume II, Appendix J (Stochastic Simulation
Results) provides the stochastic mean PVRR versus
upper tail mean less stochastic mean PVRR scatter
plot diagrams that for a broad range of portfolios
developed with a range of compliance scenarios as
summarized in 8.a above.

The company considers end-effects in its use of
Real Levelized Revenue Requirement Analysis, as
summarized in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and uses a 20-year
planning horizon.

Early retirement and gas conversion alternatives to
coal unit environmental investments were
considered in the development of all resource
portfolios.
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8.c Trigger point analysis: The utility should
identify at least one CO;, compliance “turning
point” scenario, which, if anticipated now,
would lead to, or “trigger” the selection of a
portfolio of resources that is substantially
different from the preferred portfolio. The
utility should develop a substitute portfolio
appropriate for this trigger-point scenario and
compare the substitute portfolio’s expected
cost and risk performance to that of the
preferred portfolio — under the base case and
each of the above CO2 compliance scenarios.
The utility should provide its assessment of
whether a CO2 regulatory future that is
equally or more stringent that the identified
trigger point will be mandated.

See Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach) for a description of initial
portfolio-development definitions. Comparative
analysis of these case results is included in Volume
I, Chapter 9 (Modeling and Portfolio Selection
Results).

8.d Oregon compliance portfolio: If none of the
above portfolios is consistent with Oregon
energy policies (including state goals for
reducing greenhouse gas emissions) as those
policies are applied to the utility, the utility
should construct the best cost/risk portfolio
that achieves that consistency, present its cost
and risk parameters, and compare it to those
in the preferred and alternative portfolios.

Several portfolios yield system emissions aligned
with state goals for reducing greenhouse gas
emissions. These cases are summarized in Volume
I, Chapter 9 (Modeling and Portfolio Selection
Results).
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9

11

An electric utility’s load-resource balance
should exclude customer loads that are
effectively committed to service by an
alternative electricity supplier.

Guideline 10: Multi-state Utilities

Multi-state utilities should plan their
generation and transmission systems, or gas
supply and delivery, on an integrated system
basis that achieves a best cost/risk portfolio for
all their retail customers.

Electric utilities should analyze reliability
within the risk modeling of the actual
portfolios being considered. Loss of load
probability, expected planning reserve margin,
and expected and worst-case unserved energy
should be determined by year for top-
performing portfolios. Natural gas utilities
should analyze, on an integrated basis, gas
supply, transportation, and storage, along with
demand-side resources, to reliably meet peak,
swing, and base-load system requirements.
Electric and natural gas utility plans should
demonstrate that the utility’s chosen portfolio
achieves its stated reliability, cost and risk
objectives.

Guideline 12: Distributed Generation

Electric utilities should evaluate distributed
generation technologies on par with other
supply-side resources and should consider, and
quantify where possible, the additional
benefits of distributed generation.

How the Guideline is Addressed in the 2021

No. Requirement IRP
Guideline 9: Direct Access Loads ‘

Oregon Docket UE 267 established a long-term opt
out option for eligible PacifiCorp customers. Going
forward PacifiCorp will cease planning for
customers who elect direct-access service on a long-
term basis (i.e. five-year opt out customers).

The 2021 IRP conforms to the multi-state planning
approach as stated in Volume I, Chapter 2 under the
section “The Role of PacifiCorp’s Integrated
Resource Planning”. The company notes the
challenges in complying with multi-state integrated
planning given differing state energy policies and

resource preferences.
Guideline 11: Reliability ‘

See the response to 1.c.3.1 above. Volume I,
Chapter 9 (Modeling and Portfolio Selection
Results) walks through the role of reliability, cost,
and risk measures in determining the preferred
portfolio. Scatter plots of portfolio cost versus risk
at different CO2 cost levels were used to inform the
cost/risk tradeoft analysis.

PacifiCorp contracted with Guidehouse to provide
estimates of expected private generation
penetration. The study was incorporated in the
analysis as a deduction to load. Sensitivities looked
at both high and low penetration rates for private
generation. The study is included in Volume II,
Appendix L (Private Generation Stud
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How the Guideline is Addressed in the 2021

1 Forecast the Demand for Flexible Capacity:
The electric utilities shall forecast the
balancing reserves needed at different time
intervals (e.g. ramping needed within 5
minutes) to respond to variation in load and
intermittent renewable generation over the 20-
year planning period.

No. Requirement IRP
13.a An electric utility should, in its IRP: Volume I, Chapter 10 (Action Plan) outlines the
1. Identify its proposed acquisition strategy for | procurement approaches for resources identified in
each resource in its action plan. the preferred portfolio.
2. Assess the advantages and disadvantages of
owning a resource instead of purchasing A discussion of the advantages and disadvantages
power from another party. of owning a resource instead of purchasing it is
3. Identify any Benchmark Resources itplans | jncluded in Chapter 10 (Action Plan).
to consider in competitive bidding. PacifiCorp has not at this time identified any
specific benchmark resources it plans to consider in
the competitive bidding process summarized in the
2019 IRP action plan.
13.b For gas utilities only. Not Applicable

Flexible Capacity Resources

See Volume II, Appendix F (Flexible Reserve
Study).

2 Forecast the Supply of Flexible Capacity: The
electric utilities shall forecast the balancing
reserves available at different time intervals
(e.g. ramping available within 5 minutes) from
existing generating resources over the 20-year
planning period.

See Volume II, Appendix F (Flexible Reserve
Study).

3 Evaluate Flexible Resources on a Consistent
and Comparable Basis: In planning to fill any
gap between the demand and supply of
flexible capacity, the electric utilities shall
evaluate all resource options, including the use
of EVs, on a consistent and comparable basis.

See Volume II, Appendix F (Flexible Reserve
Study).
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Table B.4 — Utah Public Service Commission IRP Standard and Guidelines

No. Requirement How the Guideline is Addressed in the 2021 IRP
Procedural Issues

1 The Commission has the legal authority to Not addressed; this is a Public Service Commission
promulgate Standards and Guidelines for of Utah responsibility.
integrated resource planning.

2 Information Exchange is the most reasonable Information exchange has been conducted throughout
method for developing and implementing the 2021 IRP process.
integrated resource planning in Utah.

3 Prudence reviews of new resource acquisitions Not an IRP requirement as the Commission
will occur during ratemaking proceedings. acknowledges that prudence reviews will occur

during ratemaking proceedings, outside of the IRP
process.

4 PacifiCorp's integrated resource planning process | PacifiCorp’s public process is described in Volume
will be open to the public at all stages. The I, Chapter 2 (Introduction). A description of public-
Commission, its staff, the Division, the input meetings is provided in Volume II, Appendix
Committee, appropriate Utah state agencies, and | C (Public Input Process). Public-input meeting
other interested parties can participate. The materials can also be found on PacifiCorp’s website
Commission will pursue a more active-directive | at: www.pacificorp.com/energy/integrated-
role if deemed necessary, after formal review of | resource-plan/public-input-process.html
the planning process.

5 Consideration of environmental externalities and | PacifiCorp used a scenario analysis approach along
attendant costs must be included in the integrated | with externality cost adders to model environmental
resource planning analysis. externality costs. See Volume I, Chapter 8

(Modeling and Portfolio Evaluation Approach) for a
description of the methodology employed, including
how CO2 cost uncertainty is factored into the
determination of relative portfolio performance
through a base case planning assumption and other
price-policy scenarios.

6 The integrated resource plan must evaluate Supply, transmission, and demand-side resources
supply-side and demand-side resources on a were evaluated on a comparable basis using
consistent and comparable basis. PacifiCorp’s capacity expansion optimization model.

Also see the response to number 4.b.ii below.

7 Avoided cost should be determined in a manner Consistent with Utah rules, PacifiCorp
consistent with the company's Integrated Resource| determination of avoided costs in Utah will be
Plan. handled in a manner consistent with the IRP, with

the caveat that the costs may be updated if better
information becomes available.

8 The planning standards and guidelines must meet | This IRP was developed in consultation with parties
the needs of the Utah service area, but since from all state jurisdictions, and meets all formal state
coordination with other jurisdictions is important, | IRP guidelines.
must not ignore the rules governing the planning
process already in place in other jurisdictions.

9 The company's Strategic Business Plan must be Volume I, Chapter 10 (Action Plan) describes the

directly related to its Integrated Resource Plan.

linkage between the 2021 IRP preferred portfolio
and December 2020 business plan resources.
Significant resource differences are highlighted. The
business plan portfolio was run consistent with
requirements outlined in the Order issued by the
Utah Public Service Commission on September 16,
2016, Docket No. 15-035-04.
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No. Requirement How the Guideline is Addressed in the 2021 IRP

Standards and Guidelines

1 Definition: Integrated resource planning is a Volume I, Chapter 8 (Modeling and Portfolio
utility planning process which evaluates all Evaluation Approach) outlines the portfolio
known resources on a consistent and comparable | performance evaluation and preferred portfolio
basis, in order to meet current and future selection process, while Chapter 9 (Modeling and
customer electric energy services needs at the Portfolio Selection Results) chronicles the modeling
lowest total cost to the utility and its customers, and preferred portfolio selection process. This IRP
and in a manner consistent with the long-run also addresses concerns expressed by Utah
public interest. The process should result in the stakeholders and the Utah commission concerning
selection of the optimal set of resources given comprehensiveness of resources considered,
the expected combination of costs, risk and consistency in applying input assumptions for
uncertainty. portfolio modeling, and explanation of PacifiCorp’s

decision process for selecting top-performing
portfolios and the preferred portfolio.

2 The company will submit its Integrated Resource | The company submitted its last IRP on October 18,
Plan biennially. 2019, and filed this IRP on September 1, 2021,

meeting the requirement. PacifiCorp requested and
was granted an extension of time to file the 2019 IRP
in Docket No. 21-035-09.

3 IRP will be developed in consultation with the PacifiCorp’s public process is described in Volume I,
Commission, its staff, the Division of Public Chapter 2 (Introduction). A record of public
Utilities, the Committee of Consumer Services, meetings and a summary of feedback and public
appropriate Utah state agencies and interested comments is provided in Volume II, Appendix C
parties. PacifiCorp will provide ample (Public Input).
opportunity for public input and information
exchange during the development of its Plan.

4.a PacifiCorp's integrated resource plans will PacifiCorp implemented a load forecast range for
include: a range of estimates or forecasts of load | both capacity expansion optimization scenarios as
growth, including both capacity (kW) and well as for stochastic variability, covering both
energy (kWh) requirements. capacity and energy. Details concerning the load

forecasts used in the 2021 IRP are provided in
Volume I, Chapter 7 (Resource Options) and
Volume II, Appendix A (Load Forecast Details).

4.a.i The forecasts will be made by jurisdiction and Load forecasts are differentiated by jurisdiction and
by general class and will differentiate energy differentiate energy and capacity requirements. See
and capacity requirements. The company will Volume I, Chapter 6 (Load and Resource Balance)
include in its forecasts all on-system loads and and Volume II, Appendix A (Load Forecast
those off- system loads which they have a Details). Non-firm off-system sales are not
contractual obligation to fulfill. Non-firm off- incorporated into the load forecast. Off-system sales
system sales are uncertain and should not be markets are included in IRP modeling and are used
explicitly incorporated into the load forecast for system balancing purposes.
that the utility then plans to meet. However, the
Plan must have some analysis of the off-system
sales market to assess the impacts such markets
will have on risks associated with different
acquisition strategies.

4.a.ii | Analyses of how various economic and Volume II, Appendix A (Load Forecast Details)
demographic factors, including the prices of documents how demographic and price factors are
electricity and alternative energy sources, will used in PacifiCorp’s load forecasting methodology.
affect the consumption of electric energy
services, and how changes in the number, type
and efficiency of end-uses will affect future
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loads.
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No.

Requirement

How the Guideline is Addressed in the 2021 IRP

4.b

An evaluation of all present and future resources,
including future market opportunities (both
demand-side and supply-side), on a consistent
and comparable basis.

Resources were evaluated on a consistent and
comparable basis using the System Optimizer
model and Planning and Risk production cost model
using both supply side and demand side
alternatives. See explanation in Volume I, Chapter 7
(Modeling and Portfolio Evaluation Approach) and
the results in Volume I, Chapter 9 (Modeling and
Portfolio Selection Results). Resource options are
summarized in Volume I, Chapter 7 (Resource
Options).

decisions intended to implement the integrated
resource plan in a manner consistent with the
company's strategic business plan. The action
plan will span a four-year horizon and will
describe specific actions to be taken in the first
two years and outline actions anticipated in
the last two years. The action plan will include
a status report of the specific actions contained
in the previous action plan.

4.b.i | An assessment of all technically feasible and PacifiCorp included supply curves for Demand
cost-effective improvements in the efficient use Response (Class 1) DSM (dispatchable/schedulable
of electricity, including load management and load control) and Energy Efficiency (Class 2) DSM
conservation. in its capacity expansion model. Details are

provided in Volume I, Chapter 7 (Resource
Options).

4.b.ii | An assessment of all technically feasible PacifiCorp considered a wide range of resources
generating technologies including: renewable including renewables, cogeneration (combined heat
resources, cogeneration, power purchases from and power), power purchases, thermal resources,
other sources, and the construction of thermal energy storage, and Energy Gateway transmission
resources. configurations. Volume I, Chapters 7 (Resource

Options) and 8 (Modeling and Portfolio Evaluation
Approach) contain assumptions and describe the
process under which PacifiCorp developed and
assessed these technologies and resources.

4.b.iii | The resource assessments should include: life PacifiCorp captures and models these resource
expectancy of the resources, the recognition of attributes in its IRP models. Resources are defined
whether the resource is replacing/adding as providing capacity, energy, or both. The DSM
capacity or energy, dispatchability, lead-time supply curves used for portfolio modeling explicitly
requirements, flexibility, efficiency of the incorporate estimated rates of program and event
resource and opportunities for customer participation. The private generation study, modeled
participation. as a reduction to load, also considered rates of

participation. Replacement capacity is considered in
the case of early coal unit retirements as evaluated
in this IRP as an alternative to coal unit
environmental investments.

4.c An analysis of the role of competitive bidding A description of the role of competitive bidding and
for demand-side and supply-side resource other procurement methods is provided in Volume
acquisitions I, Chapter 10 (Action Plan).

4d A 20-year planning horizon. This IRP uses a 20-year study horizon (2021-2040).

4.e An action plan outlining the specific resource The IRP action plan is provided in Volume I,

Chapter 10 (Action Plan). A status report of the
actions outlined in the previous action plan (2019
IRP Update) is provided in Volume I, Chapter 10
(Action Plan).

In Volume I, Chapter 10 (Action Plan) Table 9.1
identifies actions anticipated in the next two-to-four
years.
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No. Requirement How the Guideline is Addressed in the 2021 IRP
4.f£ A plan of different resource acquisition paths Volume I, Chapter 10 (Action Plan) includes an
for different economic circumstances with a acquisition path analysis that presents broad
decision mechanism to select among and resource strategies based on regulatory trigger
modify these paths as the future unfolds. events, change in load growth, extension of federal
renewable resource tax incentives and procurement
delays.
4.¢g An evaluation of the cost-effectiveness of the PacifiCorp provides resource-specific utility and

resource options from the perspectives of the
utility and the different classes of ratepayers.
In addition, a description of how social
concerns might affect cost effectiveness
estimates of resource options.

total resource cost information in Volume I, Chapter
7 (Resource Options).

The IRP document addresses the impact of social
concerns on resource cost-effectiveness in the
following ways:

° Top performing portfolios were evaluated
using a range of CO2 price-policy scenarios.
° A discussion of environmental policy status

and impacts on utility resource planning is provided
in Volume I, Chapter 3 (The Planning
Environment).

° State and proposed federal public policy
preferences for clean energy are considered for
development of the preferred portfolio, which is
documented in Volume I, Chapter 9 (Modeling and
Portfolio Selection Results).

° Volume II, Appendix G (Plant Water
Consumption) reports historical water consumption
for PacifiCorp’s thermal plants.
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No.

Requirement

How the Guideline is Addressed in the 2021 IRP

4.h

An evaluation of the financial, competitive,
reliability, and operational risks associated with
various resource options and how the action plan
addresses these risks in the context of both the
Business Plan and the 20-year Integrated
Resource Plan. The company will identify who
should bear such risk, the ratepayer or the
stockholder.

The handling of resource risks is discussed in
Volume I, Chapter 10 (Action Plan), and covers
managing environmental risk for existing plants,
risk management and hedging and treatment of
customer and investment risk. Transmission
expansion risks are discussed in Chapter 4
(Transmission).

Resource capital cost uncertainty and technological
risk is addressed in Volume I, Chapter 7 (Resource
Options).

For reliability risks, the stochastic simulation model
incorporates stochastic volatility of forced outages
for new thermal plants and hydro availability. These
risks are factored into the comparative evaluation of
portfolios and the selection of the preferred
portfolio upon which the action plan is based.

Identification of the classes of risk and how these
risks are allocated to ratepayers and investors is
discussed in Volume I, Chapter 10 (Action Plan).

comment, review and acknowledgment.

4.1 Considerations permitting flexibility in the Flexibility in the planning and procurement
planning process so that the company can take processes is highlighted in Volume I, Chapter 10
advantage of opportunities and can prevent the (Action Plan).
premature foreclosure of options.

4 An analysis of tradeoffs; for example, between PacifiCorp examined the trade-off between
such conditions of service as reliability and portfolio cost and risk, taking into consideration a
dispatchability and the acquisition of lowest cost | broad range of resource alternatives defined with
resources. varying levels of dispatchability. This trade-off

analysis is documented in Volume I, Chapter 9
(Modeling and Portfolio Selection Results).

4.k A range, rather than attempts at precise PacifiCorp incorporated environmental externality
quantification, of estimated external costs which | costs for CO2 and costs for complying with current
may be intangible, in order to show how explicit | and proposed U.S. EPA regulatory requirements.
consideration of them might affect selection of For CO2 externality costs, the company used
resource options. The company will attempt to scenarios with various compliance requirements to
quantify the magnitude of the externalities, for capture a reasonable range of cost impacts. These
example, in terms of the amount of emissions modeling assumptions are described in Volume I,
released and dollar estimates of the costs of such | Chapter 8§ (Modeling and Portfolio Evaluation
externalities. Approach).

41 A narrative describing how current rate design is | See Volume I, Chapter 3 (The Planning
consistent with the company's integrated Environment). The role of Class 3 DSM (price
resource planning goals and how changes in rate | response programs) at PacifiCorp and how these
design might facilitate integrated resource resources are modeled in the IRP are described in
planning objectives. Volume I, Chapter 7 (Resource Options).

5 PacifiCorp will submit its IRP for public PacifiCorp distributed draft IRP materials for

external review throughout the process prior to each
of the public-input meetings and solicited/and
received feedback at various times when developing
the 2019 IRP. The materials shared with
stakeholders at these meetings, outlined in Volume I
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Chapter 2 (Introduction), is consistent with
materials presented in Volumes I and II of the 2019
IRP report. Public-input meetings materials can be
located on PacifiCorp’s website at:
www.pacificorp.com/energy/integrated-resource-
plan/public-input-process.html

PacifiCorp requested and responded to comments
from stakeholders in throughout its 2019 IRP
process. The company also considered comments
received via Stakeholder Feedback Forms that can
be located on PacifiCorp’s website at:
www.pacificorp.com/energy/integrated-resource-
plan/comments.html A total of 133 Stakeholder
Feedback Forms were received and responded to
during the 2019 IRP public-input process.

The public, state agencies and other interested
parties will have the opportunity to make formal
comment to the Commission on the adequacy of
the Plan. The Commission will review the Plan
for adherence to the principles stated herein, and
will judge the merit and applicability of the
public comment. If the Plan needs further work
the Commission will return it to the company
with comments and suggestions for change.

This process should lead more quickly to the
Commission's acknowledgment of an acceptable
Integrated Resource Plan. The company will
give an oral presentation of its report to the
Commission and all interested public parties.
Formal hearings on the acknowledgment of the
Integrated Resource Plan might be appropriate
but are not required.

Not addressed; this is a post-filing activity.
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cases to evaluate the performance of the utility
and to review avoided cost calculations.

No. Requirement How the Guideline is Addressed in the 2021 IRP
7 Acknowledgment of an acceptable Plan will not | Not addressed; this is not a PacifiCorp activity.
guarantee favorable ratemaking treatment of
future resource acquisitions.
8 The Integrated Resource Plan will be used in rate | Not addressed; this refers to a post-filing activity.

Table B.S — Washington Utilities and Transportation Commission IRP Standard and
Guidelines to Implement CETA Rules (RCW 19.280.030 and WAC 480-100-620 through
WAC 480-100-630) per Commission General Order R-601.

100-620(3)(a)

assessments that are cost-effective and
commercially available, including current
and new policies and programs to obtain:

No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Integrated resource plan updated every The PacifiCorp IRP is published every two years with
100-625(1) four years, with a progress report at least | updates in the off cycles. This exceeds Washington
and (4) every two years. State requirements.

WAC 480- Unless otherwise stated, all assessments, | PacifiCorp's 2021 (and prior) IRPs span a 20 year
100-620(1) evaluations, and forecasts comprising the | long-term planning horizon. Additional analysis may
plan should extend over the long-range extend beyond the 20-year horizon but not in the form
(e.g., at least ten years; longer if of optimization modeling runs, as sufficient data is
appropriate to the life of the resources unavailable, resources insufficient and run times are
considered) planning horizon. impractical.
WAC 480- Plan includes range of forecasts of Variant load forecast cases will include High/low
100-620(2) projected customer demand that reflect load, 1-in-20 load, High/low private generation, and
effect of economic forces on electricity High/no customer preference. Other load variants will
consumption. be considered on the basis of stakeholder feedback
and model outcomes. A discussion of load forecasts
will be included in a Load and Resource Balance
chapter.
WAC 480- Plan includes range of forecasts of PacifiCorp has provided detail on load forecasts in
100-620(2) projected customer demand that address Volume II, Appendix A (Load Forecast Details).
changes in the number, type, and Information can also be found in Volume I,
efficiency of electrical end-uses. Chapter 6 (Load and Resource Balance).
WAC 480- Plan includes load management The IRP is informed by the company’s current

conservation potential assessment, which is available
on PacifiCorp’s website. Additional information on
the load management assessments can be found in
Volume II, Appendix D (Demand-Side Management
Programs).

WAC 480-
100-620(3)(a)

- all cost-effective conservation,
efficiency, and load management
improvements;

IRP modeling optimally selects all cost-effective
energy efficiency and demand response in each case
portfolio as a part of core model functionality. Results
are reported for all portfolios in Volume I, Chapter 9
(Modeling and Portfolio Selection Results).

WAC 480-
109-100(2)

- ten-year conservation potential used in
the concurrent biennial conservation plan
consistent with RCW 19.285.040(1);

The IRP is informed by the current conservation
potential assessment, which is available on
PacifiCorp’s website. Volume I, Chapter 6 (Load and
Resource Balance) provides additional detail.

- identification of opportunities to develop
combined heat and power as an energy
and capacity resource; and

Combined heat and power are addressed as a
component of the Private Generation Study, which is
included in Volume II, Appendix L (Private
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Generation Study).

No.

Requirement

How the Guideline is Addressed in the 2021 IRP

WAC 480-
100-620(3)(b)

- all demand response (DR) at the lowest
reasonable cost (LRC).

IRP modeling optimally selects all cost-effective
energy efficiency and demand response in each case
portfolio as a part of core model functionality. Results
are reported for all portfolios in Volume II, Chapter 9
(Modeling and Portfolio Selection Results).

WAC 480-
100-620(3)(b)

Plan includes assessments of distributed
energy programs and mechanisms
pertaining to energy assistance and
progress toward meeting energy assistance
need, including but not limited to the
following:

- Energy efficiency and CPA,

- Demand response potential,

- Energy assistance potential

IRP modeling considers and selects energy efficiency
and demand response potential, and distributed
energy programs. Evaluation is detailed in Volume I,
Chapter 8 (Modeling and Portfolio Evaluation
Approach), and Chapter 9 (Modeling and Portfolio
Selection Results).

WAC 480-
100-620(3)(b)

Plan assesses a forecast of distributed
energy resources (DER) that may be
installed by the utility's customers via a
planning process pursuant to RCW
19.280.100(2).

PacifiCorp has worked with Guidehouse Consulting
to prepare a Private Generation Study, which assesses
distributed and customer-sited resources. Customer
preference resources are also assessed as part of the
portfolio selection process. Additional detail can be
found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach).

WAC 480-
100-620(3)(b)

Plan includes effect of DERs on the
utility's load and operations.

The impacts of DERs on PacifiCorp's utility load and
operations are assessed as part of Volume I, Chapter
8 (Modeling and Portfolio Evaluation Approach).
Inputs are assessed as part of Volume II, Appendix L
(Private Generation Study).

WAC 480-
100-620(3)(b)

If utility engages in a DER planning
process, which is strongly encouraged,
IRP should include a summary of the
process planning results.

PacifiCorp understands this requirement and will
include a summary in future integrated resource plans,
if applicable.
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No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Plan assesses wide range of conventional | PacifiCorp considered a wide range of resources
100-620(4) generating resources. including renewables, demand-side management,

energy storage, distributed energy resources, power
purchases, thermal resources, and transmission.
Volume I, Chapter 7 (Resource Options) provides
relevant detail on conventional generating resources.
WAC 480- In making new investments, plan Cost and performance data for all resource types is
100-620(5) considers acquisition of existing and new | evaluated and entered as a model input for the optimal
renewable resources at LRC. selection of resources. Additional information can be
found in Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach) and Chapter 9 (Modeling and
Portfolio Selection).
See WA-UTC | Plan assesses energy storage resources. Energy storage resources are considered as part of the
energy supply-side resource table, found in Volume I,
storage policy Chapter 7 (Resource Options). Energy storage
statement potential is assessed as part of Volume II, Appendix
(UE-151069 & N.
UE-161024
consolidated)
WAC 480- Plan assesses nonconventional generating, | Compressed air storage and modular nuclear
100-620(5) integration, and ancillary service resources are represented in the Supply Resource
technologies. Table, which is posted on PacifiCorp’s IRP website
and included as Volume I, Chapter 7 (Resource
Options). All resource types are appropriately subject
to integration and ancillary services determination,
including transmission upgrade costs, reserve holding
capability and additional reserve requirements that
are particular to technologies. These factors are
inherent to every portfolio optimization run.
WAC 480- Plan assesses the availability of regional Regional generation is incorporated into market
100-620(6) generation and transmission capacity for | availability and price forecasts, which are
purposes of delivery of electricity to described and analyzed in Volume I, Chapter 3
customers. (Planning Environment), Chapter 5 (Reliability and
Resiliency), and
WAC 480- Plan assesses utility's regional Regional transmission is represented through markets
100-620(6) transmission future needs and the extent and region-based price forecasting, while PacifiCorp's
transmission system is represented by firm
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No.

Requirement

How the Guideline is Addressed in the 2021 IRP

transfer capability limitations may affect
the future siting of resources.

transmission rights and endogenous transmission
upgrade options. These factors will be discussed in
the Resource Options, and Modeling and Portfolio
Evaluation chapter of the IRP.

WAC 480-
100-620(7)

Plan compares benefits and risks of
purchasing power or building new
resources.

As a component of core modeling functionality, all
competing resources are evaluated to determine each
optimal portfolio. Additional information can be
found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection Results)

WAC 480-
100-620(7)

Plan compares all identified resources
according to resource costs, including:

The comparison of resources on a cost-risk basis is
core functionality of PacifiCorp's optimization
modeling. Additional information can be found in
Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach).

WAC 480-
100-620(7)

- transmission and distribution delivery
costs;

PacifiCorp's transmission system is represented by
firm transmission rights and endogenous transmission
upgrade options. Transmission dependencies
implying additional resource costs are included in the
optimization, resulting in a reasonable comparison of
resource costs. Additional information can be found
in Volume I, Chapter 7 (Resource Options), Chapter
8 (Modeling and Portfolio Evaluation), and Chapter 9
(Modeling and Portfolio Selection Results).

WAC 480-
100-620(7)

- risks, including environmental effects
and the social cost of GHG emissions;

The Company has conducted five core SC-GHG
cases, each to be evaluated under a range of price-
policy conditions and which will compete with other
cases for CETA compliance and preferred portfolio
selection. The cases evaluated are described in
Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach).

WAC 480-
100-620(7)

- benefits accruing to the utility,
customers, and program participants
(when applicable); and

Benefits are characterized by present value revenue
requirement differentials, emissions, reserve and
load deficiencies, robustness across stochastic
variances and additional factors as may emerge from
modeling results. A summary of benefits accruing is
included as part of Volume II, Appendix O
(Washington Clean Energy Action Plan).

WAC 480-
100-620(7)

- resource preference public policies
adopted by WA State or the federal
government.

The preferred portfolio selected in the 2021 IRP
process is compliant with all policy requirements. A
summary of the policy environment is included as
Volume I, Chapter 3 (Planning Environment), and a
description of the portfolio runs in compliance with
policy is included as Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach).

WAC 480-
100-620(7)

Plan includes methods, commercially
available technologies, or facilities for

integrating renewable resources, including

but not limited to battery storage and
pumped storage, and addressing
overgeneration events.

IRP modeling endogenously considers
"overgeneration" in dispatch and curtails resources
appropriately. These curtailments are an inherent
component of the cost and risk valuation of each
portfolio, and is a driver for the optimal size, type and
location of selected resources.
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No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Plan assesses and determines resource For the 2021 IRP, resource adequacy is evaluated as
100-620(8) adequacy metrics. a core model function, where each portfolio is

obligated to meet reliability requirements including
varying degrees of quality of operating reserves.
This is described in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach).
WAC 480- Plan identifies an appropriate resource PacifiCorp has addressed this requirement as described
100-620(8) adequacy requirement. in Volume I, Chapter 6 (Load and Resource Balance).
WAC 480- Plan measures corresponding resource PacifiCorp has addressed this requirement as described
100-620(8) adequacy metric consistent with prudent | in Volume I, Chapter 6 (Load and Resource Balance),
utility practice in eliminating coal-fired Chapter 8 (Modeling and Portfolio Evaluation
generation by 12/31/2025 (RCW Approach), and Chapter 9 (Modeling and Portfolio
19.405.030), attaining GHG neutrality by | Selection Results). Additional information on the
1/1/2030 (RCW 19.405.040), and Washington-specific portfolio view is available in
achieving 100 percent clean electricity Volume II, Appendix O (Washington Clean Energy
WA retail sales by 1/1/2045 (RCW Action Plan).
19.405.050).
WAC 480- Plan reflects the cumulative impact PacifiCorp has incorporated information from the
100-620(9) analysis conducted under RCW Cumulative Impact Analysis, the Washington
19.405.140, and includes an Tracking Network, and the US Census. Information
assessment of: derived from the Cumulative Impact Analysis is
included in Volume II, Appendix O (Washington
Clean Energy Action Plan).
WAC 480- - energy and nonenergy benefits; PacifiCorp analyzes energy benefits within selection
100-620(9) of the preferred portfolio. Non-energy benefits are
included with DSM measures, and additional
nonenergy benefits are qualitatively
discussed within Volume II, Appendix O (Washington
Clean Energy Action Plan).
WAC 480- - reduction of burdens to vulnerable A preliminary identification of burdens to vulnerable
100-620(9) populations and highly impacted populations and highly-impacted communities has
communities; been made through data publicly available through
the Cumulative Impacts Analysis, Washington
Tracking Network, and the US Census, and included
in Volume II, Appendix O (Washington Clean
Energy Action Plan). PacifiCorp will continue to
refine this data in consultations with the public and
advisory groups moving forward.
WAC 480- - long-term and short-term public A preliminary identification of burdens to vulnerable
100-620(9) health and environmental benefits, populations and highly-impacted communities has
costs, and been made through data publicly available through
the Cumulative Impacts Analysis, Washington
Tracking Network, and the US Census, and included
in Volume II, Appendix O (Washington Clean
Energy Action Plan). PacifiCorp will continue to
refine this data in consultations with the public and
advisory groups moving forward.
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No.

Requirement

How the Guideline is Addressed in the 2021 IRP

WAC 480-
100-620(9)

- long-term and short-term public health
and environmental risks; and

A preliminary identification of burdens to vulnerable
populations and highly impacted communities has
been made through data publicly available through the
Cumulative Impacts Analysis, Washington Tracking
Network, and the US Census, and included in Volume
II, Appendix O (Washington Clean Energy Action
Plan). PacifiCorp will continue to refine this data in
consultations with the public and advisory groups
moving forward.

WAC 480-
100-620(9)

- energy security and risk.

PacifiCorp addresses energy security and risk
throughout the IRP, and specifically addresses this in
Volume I, Chapter 5 (Reliability and Resiliency) and
Chapter 9 (Modeling and Portfolio Selection Results).

WAC 480-
100-620(10)

Utility should include a range of possible
future scenarios and input sensitivities for
testing the robustness of the utility's
resource portfolio under various
parameters, including the following
required components:

A wide range of cases and sensitivities under various
price-policy futures have been included, as discussed
in Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach).

WAC 480-
100-620(10)

CETA counter factual scenario - describe
the alternative LRC and reasonably
available portfolio that the utility would
have implemented if not for the
requirement to comply with RCW
19.405.040 and RCW 19.405.050, as
described in WAC 480-100-660(1).

PacifiCorp has met this requirement — additional
detail can be found in Volume I, Chapter 8 (Modeling
and Portfolio Evaluation Approach).

WAC 480-
100-620(10)

Climate change scenario - incorporate the
best science available to analyze impacts
including, but not limited to, changes in
snowpack, streamflow, rainfall, heating
and cooling degree days, and load
changes resulting from climate change.

PacifiCorp has met this requirement — additional
detail can be found in Volume I, Chapter 8 (Modeling
and Portfolio Evaluation Approach).

WAC 480-
100-620(10)

Maximum customer benefit sensitivity -
model the maximum amount of customer
benefits described in RCW 19.405.040(8)
prior to balancing against other goals.

PacifiCorp has met this requirement — additional
detail can be found in Volume I, Chapter 8 (Modeling
and Portfolio Evaluation Approach).

WAC 480-
100-620(11)

Plan must integrate demand forecasts and
resource evaluations into a long-range
IRP solution.

PacifiCorp has met this requirement — additional
detail can be found in Volume I, Chapter 6 (Load and
Resource Balance).

WAC 480-
100-620(11)

IRP solution or preferred portfolio must
describe the resource mix that meets
current and projected needs.

PacifiCorp has met this requirement — additional
detail can be found in Volume I, Chapter 9 (Modeling
and Portfolio Selection).
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No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Preferred portfolio must include narrative
100- explanation of the decisions made,
620(11)(a) including how the utility's long-range IRP
solution:
WAC 480- - achieves requirements for eliminating PacifiCorp will remove coal-fired generation from
100- coal-fired generation by 12/31/2025 Washington’s allocation of electricity by 2025 and
620(11)(a) (RCW 19.405.030); will continue to analyze this pending further
resolution of interpretive issues by the Commission.
Additional information can be found in Volume I,
Chapter 9 (Modeling and Portfolio Selection Results).
WAC 480- - attains GHG neutrality by 1/1/2030 PacifiCorp has met this requirement. Additional
100- (RCW 19.405.040); and information can be found in Volume I, Chapter 8
620(11)(a) (Modeling and Portfolio Evaluation Approach) and
Chapter 9 (Modeling and Portfolio Selection
Results).
WAC 480- - achieves 100 percent clean electricity This is outside of the 2021 IRP timeline, but generally
100- WA retail sales by 1/1/2045 (RCW may be addressed as part of Volume I, Chapter 8
620(11)(a) 19.405.050) at LRC, (Modeling and Portfolio Evaluation) and Chapter 9
(Modeling and Portfolio Selection).
WAC 480- - achieves 100 percent clean electricity This is outside of the 2021 IRP timeline, but the
100- WA retail sales by 1/1/2045 (RCW pathway to 2045 is generally addressed as part of
620(11)(a) 19.405.050), considering risk. Volume I, Chapter 8 (Modeling and Portfolio
Evaluation Approach) and Chapter 9 (Modeling and
Portfolio Selection).
WAC 480- Consistent with RCW 19.285.040(1), PacifiCorp has met this requirement. Additional
100- preferred portfolio shows pursuit of all information can be found in Volume I, Chapter 8
620(11)(c) cost-effective, reliable, and feasible (Modeling and Portfolio Evaluation Approach).
conservation and efficiency resources, and
DR.
WAC 480- Preferred portfolio considers acquisition | PacifiCorp has met this requirement. Additional
100- of existing renewable new resources and | information can be found in Volume I, Chapter 8
620(11)(d) and | relies on renewable resources and energy | (Modeling and Portfolio Evaluation Approach).
(e) storage, insofar as doing so is at LRC,
WAC 480- Preferred portfolio considers acquisition | PacifiCorp has met this requirement. Additional
100- of existing renewable new resources and | information can be found in Volume I, Chapter 8
620(11)(d) and | relies on renewable resources and energy | (Modeling and Portfolio Evaluation Approach).
(e) storage, considering risks.
WAC 480- Preferred portfolio maintains and protects | PacifiCorp has met this requirement. Additional
100-620(11)(f) | the safety, reliable operation, and information can be found in Volume I, Chapter 6
balancing of the utility's electric system, (Load and Resource Balance).
including mitigating over-generation
events and achieving identified resource
adequacy requirements.
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100-620(11)(i)

DER costs, benefits, and operational
characteristics (incl. ancillary services) to
meet system needs,

No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Preferred portfolio ensures all customers
100- are benefiting from the transition to clean
620(11)(g) energy through the:
WAC 480- - equitable distribution of energy and This is discussed as part of Volume II, Appendix
100- nonenergy benefits; reduction of burdens | O (Washington Clean Energy Action Plan).
620(11)(g) to vulnerable populations and highly

impacted communities;
WAC 480- - long-term and short-term public health | This is discussed as part of Volume II, Appendix
100- and environmental benefits; reduction of | O (Washington Clean Energy Action Plan).
620(11)(g) costs and risks; and
WAC 480- - energy security and resiliency. This is discussed as part of Volume I, Chapter 5
100- (Reliability and Resiliency), Chapter 6 (Load and
620(11)(g) Resource Balance), and Chapter 9 (Modeling and
Portfolio Evaluation Results).

WAC 480- Preferred portfolio: assesses the This is discussed as part of Volume II, Appendix O
100- environmental health impacts to highly (Washington Clean Energy Action Plan).
620(11)(h) impacted communities,
WAC 480- - analyzes and considers combinations of | Detail is included in Volume I, Chapter 8§ (Modeling

and Portfolio Evaluation Approach).

100-620(12)

energy action plan (CEAP) for
implementing RCW 19.405.030 through
19.405.050 at LRC, and at an acceptable
resource adequacy standard.

WAC 480- - incorporates the social cost of GHG Detail is included in Volume I, Chapter 8 (Modeling
100-620(11)(j) | emissions as a cost adder. and Portfolio Evaluation Approach).
WAC 480- Utility must develop a ten-year clean

100-620(12)()

nonemitting electric generation, and DERs
that may be acquired and evaluate how
each identified resource may be expected
to contribute to meeting the utility's
resource adequacy requirement;

The CEAP will:

WAC 480- - identify and be informed by utility's ten- | The Washington Clean Energy Action Plan is

100- year CPA per RCW 19.285.040(1); informed by the 10-year CPA, which can be found on

620(12)(b) PacifiCorp’s website.

WAC 480- - demonstrate that all customers are This requirement is included in Volume II, Appendix

100- benefiting from the transition to clean O (Washington Clean Energy Action Plan), which

620(12)(c) energy; discusses vulnerable populations and highly-impacted
communities and a discussion of benefits from the
preferred portfolio.

WAC 480- - establish a resource adequacy PacifiCorp establishes resource adequacy at a system

100- requirement; level, and the resource adequacy requirement is

620(12)(d) explained in Volume I, Chapter 6 (Load and Resource
Balance).

WAC 480- - identify the potential cost-effective DR | This requirement is met in Volume I, Chapter 9

100- and load management programs that may | (Modeling and Portfolio Selection Results). A

620(12)(e) be acquired; summary of DR and load management programs in
Washington are included in Volume II, Appendix O
(Washington Clean Energy Action Plan).

WAC 480- - identify renewable resources, This is described at the system-level as part of

PacifiCorp’s resource planning process. Volume I,
Chapter 7 (Resource Options), Chapter 8 (Modeling
and Portfolio Evaluation Approach), and Chapter 9
(Modeling and Portfolio Selection) provide additional
detail.
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100-620(12)(i)

No. Requirement How the Guideline is Addressed in the 2021 IRP

WAC 480- - identify any need to develop new, or

100- expand or upgrade existing, bulk This is described at the system level in Volume I,

620(12)(g) transmission and distribution facilities; Chapter 4 (Transmission) and also within PacifiCorp’s
and action plan (Volume I, Chapter 10).

WAC 480- - identify the nature and possible extent to

100- which the utility may need to rely on This requirement is addressed in Volume II, Appendix

620(12)(h) alternative compliance options, if O (Washington Clean Energy Action Plan).
appropriate.

WAC 480- Plan (both IRP and CEAP) considers cost

of greenhouse gas emissions as a cost
adder equal to the cost per metric ton of
carbon dioxide emissions, using the two
and one-half percent discount rate, listed
in Table 2, Technical Support Document:
Technical update of the social cost of
carbon (SCC) for regulatory impact
analysis under Executive Order 12866,
published by the interagency working
group on social cost of greenhouse gases
of the United States government, August
2016, as adjusted by the Commission to
reflect the effect of inflation.

This requirement will be included in Appendix R -
Clean Energy Action Plan, within the "Resource
Adequacy" section. For the IRP, this requirement will
be included as part of the "Modeling and Portfolio
Evaluation Approach" section.

WAC 480-
100-620(13)

Plan must include an analysis and
summary of the estimated avoided cost for
each supply- and demand-side resource,
including (but not limited to):

The estimated avoided cost will be based on the values

100-620(13)

WAC 480- - energy,

100-620(13) determined through the IRP modeling process. Values
can be found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection).

WAC 480- - capacity, The estimated avoided cost will be based on the

100-620(13) values determined through the IRP modeling process.
Values can be found in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach) and
Chapter 9 (Modeling and Portfolio Selection).

WAC 480- - transmission, The estimated avoided cost will be based on the values

determined through the IRP modeling process. Values
can be found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection).

WAC 480-
100-620(13)

- distribution, and

The estimated avoided cost will be based on the
values determined through the IRP modeling process.
Values can be found in Volume I, Chapter 8§
(Modeling and Portfolio Evaluation Approach) and
Chapter 9 (Modeling and Portfolio Selection).

WAC 480-
100-620(13)

- GHG emissions.

The estimated avoided cost will be based on the values
determined through the IRP modeling process. Values
can be found in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach) and Chapter 9
(Modeling and Portfolio Selection).
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WAC 480- Listed energy and non-energy impacts PacifiCorp provides a preliminary determination
100-620(13) should specify to which source party they | of accrual of energy and non-energy benefits
accrue (e.g., utility, customers, within Volume II, Appendix O (Washington
participants, vulnerable populations, Clean Energy Action Plan).
highly impacted communities, general
public).
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No. Requirement How the Guideline is Addressed in the 2021 IRP
WAC 480- Plan provides information and analysis
106-040 used to inform annual purchases of
electricity from qualifying facilities,
including a description of the:
WAC 480- - avoided cost calculation methodology The estimated avoided cost will be based on the
106-040 used; values determined through the IRP modeling process.
Values can be found in Volume I, Chapter 8
(Modeling and Portfolio Evaluation Approach) and
Chapter 9 (Modeling and Portfolio Selection).
WAC 480- - avoided cost methodology of energy, The estimated avoided cost will be based on the
106-040 capacity, transmission, distribution, and values determined through the IRP modeling
emissions averaged across the utility; and | process. Values can be found in Volume I,
Chapter 8 (Modeling and Portfolio Evaluation
Approach) and Chapter 9 (Modeling and
Portfolio Selection).
WAC 480- - resource assumptions and market The estimated avoided cost will be based on the
106-040 forecasts used in the utility's schedule of | values determined through the IRP modeling process.
estimated avoided cost, including (but not | Values can be found in Volume I, Chapter 8
limited to): cost assumptions, production | (Modeling and Portfolio Evaluation Approach) and
estimates, peak capacity contribution Chapter 9 (Modeling and Portfolio Selection).
estimates, and annual capacity factor
estimates.
WAC 480- To maximize transparency, the utility PacifiCorp will make data available in the native file

100-620(14)

should submit data input files supporting
the plan in native file format (e.g.,
supporting spreadsheets in Excel, not PDF
file format).

format consistent with practice in prior IRPs.

WAC 480-100-| Information relating to purchases of
620(15) electricity from qualifying facilities. Each
utility must provide information and
analysis that it will use to inform its
annual filings required under chapter 480-
106 WAC. The detailed analysis must
include, but is not limited to, the
following components:
WAC 480-100-| A description of the methodology used to | The estimated avoided cost will be based on the
620(15)(a) calculate estimates of the avoided cost of | values determined through the IRP modeling
energy, capacity, transmission, process. Values can be found in Volume I, Chapter
distribution and emissions averaged 8 (Modeling and Portfolio Evaluation Approach)
across the utility; and and Chapter 9 (Modeling and Portfolio Selection).
WAC 480-100-| (b) Resource assumptions and market The estimated avoided cost will be based on the
620(15)(b) forecasts used in the utility's schedule of | values determined through the IRP modeling
estimated avoided cost required in process. Values can be found in Volume I, Chapter
WAC 480-106-040 including, but not 8 (Modeling and Portfolio Evaluation Approach)
limited to, cost assumptions, production and Chapter 9 (Modeling and Portfolio Selection).
estimates, peak capacity contribution
estimates and annual capacity factor
estimates.
WAC 480- Plan must summarize substantive changes | An assessment of modeling methodology is

100-620(16)

to modeling methodologies or inputs that
change the utility's resource need, as
compared to the utility's previous IRP.

included in Volume I, Chapter 8 (Modeling and
Portfolio Evaluation Approach).

WAC 480- Utility must summarize:
100-620(17)
WAC 480- - public comments received on the draft This is included in Volume II, Appendix C (Public

100-620(17)

IRP,

Input).

79


https://apps.leg.wa.gov/wac/default.aspx?cite=480-106-040

PACIFICORP — 2021 IRP

APPENDIX B — IRP REGULATORY COMPLIANCE

WAC 480- - utility's responses to public comments, This is included in Volume II, Appendix C (Public
100-620(17) | and Input).
WAC 480- - whether final plan addresses and This is included in Volume II, Appendix C (Public
100-620(17) | incorporates comments raised. Input).

Table B.6 — Wyoming Public Service Commission Guideline

No. Requirement How the Guideline is Addressed in the 2021 IRP
The public comment process
employed as part of the
formulation of the utility’s PacifiCorp’s public process is described in Volume I, Chapter 2
IRP, including a description, (Introduction) and in Volume II, Appendix C (Public Input).
A timing and weight given to the
public process;
The utility’s strategic goals Volume I, Chapter 9 (Modeling and Portfolio Selection Results)
and resource planning goals documents the preferred resource portfolio and rationale for selection.
B and preferred resource Volume I, Chapter 10 (Action Plan) constitutes the IRP action plan and
portfolio; the descriptions of resource strategies and risk management.
The utility’s illustration of
resource need over the near- See Volume I, Chapter 6 (Load and Resource Balance).
C term and long-term planning
horizons;
D A study detailing the types of Volume, I Chapter 7 (Resource Options), presents the resource options
resources considered; used for resource portfolio modeling for this IRP.
Changes in expected ) . .
resource acquisitions and A comparison of resource chapges relative to the 2021 ¥RP is presented
load growth from in Volume I, Chapter 10 (Action Plan). A chart comparing the peak load
E ) o forecasts for the 2019 IRP, and 2021 IRP is included in Volume II,
that presentf?d in the utility’s Appendix A (Load Forecast Details).
previous IRP;
The environmental impacts Portfolio comparisons for CO2 and a broad range of environmental
considered; impacts are considered, including prospective early retirement and gas
conversions of existing coal units as alternatives to environmental
investments. See Volume I, Chapter 8 (Modeling and Portfolio
F Evaluation Approach) and Chapter 9 (Modeling and Portfolio Selection)
as well as Volume 11, Appendix J (Stochastic Simulation Results).
G Market purchases evaluation; Modeling of firm market purchases (front office transactions) and spot
market balancing transactions is included in the 2021 IRP.
Reserve Margin analysis; and Reserve margin analysis is included in Volume I, Chapter 8 (Modeling
H and Portfolio Evaluation Approach).
Demand-side management and See Volume I, Chapter 7 (Resource Options) for a detailed discussion on
conservation options; DSM and energy efficiency resource options. Additional
I information on energy efficiency resource characteristics is available on

the company’s website.
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APPENDIX C — PUBLIC INPUT PROCESS

A critical element of this Integrated Resource Plan (IRP) is the public-input process. PacifiCorp has
pursued an open and collaborative approach involving the commissions, customers and other
stakeholders in PacifiCorp’s IRP prior to making resource planning decisions. Since these decisions
can have significant economic and environmental consequences, conducting the IRP with
transparency and full participation from interested and affected parties is essential.

Stakeholders have been involved in the development of the 2021 IRP from the beginning. The public-
input meetings held beginning in January 2020 were the cornerstone of the direct public- input
process, and there have been a total of 18 public-input meetings held as part of the 2021 IRP
development cycle. Due to restrictions and concerns surroundings COVID-19, all meetings have been
held via phone conference, with no in-person participation.

The IRP public-input process also included state-specific stakeholder dialogue sessions held in July
2020. The goal of these sessions was to capture key IRP issues of most concern to each state, as well
as to discuss how to tackle these issues from a system planning perspective. PacifiCorp wanted to
ensure stakeholders understood IRP planning principles. These meetings continued to enhance
interaction with stakeholders in the planning cycle and provided a forum to directly address
stakeholder concerns regarding equitable representation of state interests during public- input
meetings.

PacifiCorp solicited agenda item recommendations from stakeholders in advance of the state
meetings. There was additional open time to ensure participants had adequate opportunity for
dialogue.

PacifiCorp’s integrated resource plan website houses feedback forms included in this filing. This
standardized form allows stakeholders to provide comments, questions, and suggestions. PacifiCorp
also posts its responses to the feedback forms at the same location. Feedback forms and PacifiCorp’s
responses can be found via the following link: https://www.pacificorp.com/energy/integrated-
resource-plan/comments.html.

Participant List

PacifiCorp’s 2021 IRP continues to be a robust process involving input from many parties.
Participants included commissions, stakeholders, and industry experts. Among the organizations that
have been represented and actively involved in this collaborative effort are:

Commissions

California Public Utilities Commission

Idaho Public Utilities Commission

Oregon Public Utility Commission

Public Service Commission of Utah

Washington Ultilities and Transportation Commission
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e  Wyoming Public Service Commission
Stakeholders and Industry Experts

Alliance of Western Energy Consumers
Applied Energy Group

Avangrid

Black & Veatch

Breathe Utah

Burns & McDonnell Engineering Company
Cascade Natural Gas

City of Kemmerer Wyoming

Clarke Investments, LLC

Enel Green Power

Energy Trust of Oregon

First Solar

Gardner Energy

Glenrock Energy

Heal Utah

Holladay United Church of Christ
Idaho Conservation League

Idaho Power Company

Idaho Public Utility Commission Staff
Individual Customers

Intermountain Wind

Lincoln County Commission

Magnum Development

National Grid Ventures

Natural Resources Defense Council
Navigant Consulting, Inc.

Northwest Pipeline GP

Oregon Department of Energy

Oregon Department of Justice

Oregon Public Utility Commission Staff
Portland General Electric

Power Quip

Renewable Northwest

Sierra Club

Utah Clean Energy

Utah Division of Public Utilities

Utah Office of Consumer Services
Utah Office of Energy Development
Washington Office of Attorney General, Public Counsel Unit
Western Resource Advocates
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Westmoreland

Wyoming Coalition of Local Governments & Lincoln County
Wyoming Department of Workforce Services

Wyoming House District 18

Wyoming Infrastructure Authority

Wyoming Liberty Group

Wyoming Office Of Consumer Advocate

PacifiCorp extends its gratitude for the continued time and energy that participants have given to
the IRP process. Their participation has contributed significantly to the quality of this plan.

Public-Input Meetings

As mentioned above, PacifiCorp has hosted 10 public-input meetings, as well as six state meetings
during the public-input process, with two additional public-input meeting scheduled for early 2021.
During the 2021 IRP public-input process presentations and discussions have covered various issues
regarding inputs, assumptions, risks, modeling techniques, and analytical results. Below are the

agendas from the public-input meetings; the presentations can be located at:

https://www.pacificorp.com/energy/integrated-resource-plan/public-input-process.html

General Meetings

January 21, 2020 — Conservation Potential Assessment (CPA) Technical Workshop 1

(Conference Call)
e (Conservation Potential Assessment Overview
e Key Changes and Updates for the 2021 CPA
e Market Characterization and Baseline Development
e Measure Characterization and Potential Estimation

2021 CPA Work Plan

February 18, 2020 — CPA Technical Workshop 2 (Conference Call)

Energy Efficiency

Measure List Changes

Demand Response

Resource Options and Examples

April 16, 2020 — CPA Technical Workshop 3 (Conference Call)

CPA Schedule and Milestones

Stakeholder Feedback

Recap of Key Discussion Topics From Prior Workshops
Drivers of difference in Forecasted Potential by State

85


http://www.pacificorp.com/energy/integrated-resource-plan/public-input-process.html

PACIFICORP — 2021 IRP CHAPTER 3 — PLANNING ENVIRONMENT

June 18-19, 2020 — General Public Meeting (Conference Call)
Day One

Stakeholder Feedback Form Update

CPA Update

e Optimization Modeling and Modeling Update
e Modeling Energy

Storage Day Two

e 2019 IRP Highlights/ 2021 IRP Topics and Timeline
e Request for Proposal (RFP) Update
e Transmission Overview and Update

July 30-31, 2020 — General Public Meeting (Conference Call)
Day One

Load Forecast Update

Distribution System Planning
Supply-side Resource Study Efforts
Endogenous Retirement

Discussion Day Two

Environmental Policy

Renewable Portfolio Standards

DMS Bundling Portfolio Methodology
Private Generation Study

Stakeholder Feedback Form Recap

August 28, 2020 — CPA Technical Workshop 4 (Conference Call)
e 2021 CPA Process Review
e Energy Efficiency Potential Draft Results
e Demand Response Potential Draft Results

September 17, 2020 — General Public Meeting (Conference Call)
e Supply-side Resources
e Portfolio Development Discussion
e State Policy Update
e Conservation Potential Assessment Update
e Stakeholder Feedback Form Recap

October 22, 2020 — General Public Meeting (Conference Call)
e Supply-Side Resource Table Results
e Conservation Potential Assessment Final Results
e Energy Efficiency Bundling Methodology
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e Market Reliance Assessment

e PLEXOS Benchmark Update

e Environmental Policy: Regional Haze Update
e Stakeholder Feedback Form Recap

November 16, 2020 — General Public Meeting (Conference Call)
e PLEXOS Benchmark Update
e Modeling Assumptions Update
e All Source Request for Proposals Update
e Stakeholder Feedback Form Recap

December 3, 2020 — General Public Meeting (Conference Call Only)
e Portfolio Development
e Carbon Capture Supply-Side Resource Table
e Price Curve and Customer Preference Update
e Transmission Modeling Assumptions
e Stakeholder Feedback Form Recap

January 29, 2021 — General Public Meeting (Conference Call and Teams

Meeting)

¢ Energy Efficiency Bundling Methodology
e Multi-State Process and Extended Day-Ahead Market Update
e Stakeholder Feedback Form Recap
February 10, 2021 — General Public Meeting (Conference Call and Teams
Meeting)

e Discussion of current IRP status
e Stakeholder Feedback Form Recap

April 22-23, 2021 — General Public Meeting (Conference Call and Teams Meeting)
e Update on IRP filing extension regulatory process
e Discussion of RFP status
e Stakeholder Feedback Form Recap

June 25, 2021 — General Public Meeting (Conference Call and Teams
Meeting)

e Discussion of portfolios due to incorporation of AS RFP final short list results,
discussion of cost and risk portfolio analysis; opportunity for stakeholder feedback.

July 30, 2021 — General Public Meeting (Conference Call and Teams
Meeting)

e Discuss selection of portfolio optimization and portfolio modeling progress, update on
state energy policy; opportunity for stakeholder feedback.
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August 6, 2021 — General Public Meeting (Conference Call and Teams
Meeting)

e Discussion of portfolio modeling — including sensitivities and scenario runs.

August 27, 2021 — General Public Meeting (Conference Call and Teams
Meeting)

e Review portfolio modeling, portfolio development process, and preferred portfolio.
State-Specific Input Meetings

July 22, 2020 — Utah State Stakeholder Meeting

July 22, 2020 — Washington State Stakeholder Meeting
July 23,2020 — Wyoming State Stakeholder Meeting
July 24, 2020 — Oregon State Stakeholder Meeting

Stakeholder Comments

For the 2021 IRP, PacifiCorp offered a Stakeholder Feedback Form which provided stakeholders
a direct opportunity to provide comments, questions, and suggestions in addition to the
opportunities for discussion at public-input meetings. PacifiCorp recognizes the importance of
stakeholder feedback to the IRP public-input process. A blank form, as well as those submitted by
stakeholders and PacifiCorp’s response, can be located on the PacifiCorp website at the IRP
comments webpage at: www.pacificorp.com/energy/integrated-resource-plan/comments.html.

As of August 31, 2021, PacifiCorp has received 91 Stakeholder Feedback Forms with over 480
questions, comments, and recommendations. The Stakeholder Feedback Forms have allowed the
company to review and summarize issues by topic as well as identify specific recommendations
that were provided. Information collected is used to inform the 2021 IRP development process,
including feedback related to process improvements and input assumptions, as well as responding
directly to stakeholder questions. So far, Stakeholder Feedback Forms have been received from
the following stakeholders:

e Able Grid Energy Solutions

City of Kemmerer, Wyoming

Cadmus Group

Idaho Conservation League

Idaho Public Utility Commission Staff
Individual Stakeholders

Interwest Energy Alliance

Northwest Energy Coalition

Oregon Citizens’ Utility Board
Oregon Public Utility Commission Staff
Powder River Basin Resource Council
Renewable Northwest

Sierra Club

Southwest Energy Efficiency Project
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e Utah Clean Energy

e Utah Valley Earth Forum

e Washington Utilities and Transportation Commission Staff
e Western Resource Advocates

e Wyoming Industrial Energy Consumers

e  Wyoming Office of Consumer Advocate

A discussion of topics included in the stakeholder feedback forms and how those topics were
considered in the IRP are as follows:

Carbon Price

Sierra Club requested additional information on carbon pricing (which PacifiCorp subsequently
presented as part of the November 16, 2020 IRP public-input meeting) and a scenario where carbon
pricing would be applied in only some of the company’s jurisdictions. PacifiCorp included carbon
price sensitivities, but the price was applied across all jurisdictions.!

Coal Analysis

Washington Ultilities and Transportation Commission Staff asked for more information about the
cost and physical supply risk of coal fuel to the Colstrip plant. PacifiCorp responded that the IRP
modeling considers fuel price in dispatch decisions, and while fuel-supply risk is not explicitly
modeled in the IRP, the modeling does consider operational characteristic for heat rates, minimum-
up and maximum-down times, ramp rates, and minimum capacity for dispatch decisions.?

Washington Utilities and Transportation Commission staff asked about supply-risk of fuel and
potential market alternatives to the continued operation of the Jim Bridger mine. PacifiCorp
responded that IRP modeling considers fuel price in dispatch decisions, and the dispatch cost of a
facility is compared to the sales market price to determine whether the operation or sale is
economic and providing a net benefit to customers.?

The City of Kemmerer asked that PacifiCorp include carbon capture and coal gasification
technology be included in the 2021 IRP. PacifiCorp has included consideration in the 2021 IRP,
and discussed these technologies specifically in the September 17, 2020 public input meeting.*

Washington Utilities and Transportation Commission Staff requested an economic analysis of
closing/divesting Colstrip units 3 and 4 earlier than 2025. PacifiCorp and staff agreed to a
“bookend” approach by developing cases that would close/divest Colstrip as early as the end of
2022 and as late as 2027.°

Sierra Club requested additional information on the cost assumptions for major coal unit overhauls,
whether those overhauls include pollution control technology, coal operating limits, and operating

! Feedback Form 052; October 19, 2020

2 Feedback Form 013; June 26, 2020

3 Feedback Form 013; June 26, 2020

4 Feedback Form 025; August 28, 2020

3 Feedback Form 069; December 11, 2020
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variant assumptions. PacifiCorp provided the requested detail in the feedback form response.
Sierra Club asked a follow up requesting more information on the definitions of operating limits,
which PacifiCorp provided.” Sierra Club further requested information on pricing tiers and how
fuel considerations were modeled within Plexos.®

Catriona Buhayar expressed concern regarding ongoing investment into coal power plants over
the next ten years rather than focusing on retirement and investment in renewables. PacifiCorp
responded that all options were being considered and the supply-side table provides additional
information regarding potential resources for future investment.’

Wyoming Public Service Commission Staff requested additional information regarding what
would be considered in the coal-fueled resource decommissioning studies and reassignment filings
and the extent to which those inputs would be included in the 2021 IRP. PacifiCorp provided the
requested detail as part of the feedback form response.!°

Conservation Potential Assessment (CPA)/Energy Efficiency/Demand Response

Utah Valley Earth Forum requested that the company provide more attention for renewable-fuel
power generation or for conventional cogeneration for the purposes of improving grid efficiency
and resilience.!!

Utah Valley Earth Forum provided a list of potential additions to the 20221 Residential Measure
list. PacifiCorp provided explanations of which were currently included, and which could be
considered in the 2021 CPA.

Southwest Energy Efficiency Project and Utah Clean Energy jointly made multiple
recommendations as part of the CPA process:

- The CPA should look at the potential for demand response to expand potential beyond
capacity and consider how it could offer services such as frequency regulation and
contingency reserves. PacifiCorp addressed this recommendation at the February 18, 2020
IRP Public-Input meeting and noted that in the 2019 IRP, there was a credit applied for
operating reserves for DR, which also tried to capture grid services benefits through
“ancillary services.”

- The CPA should assess the potential for DR to shift load on a daily basis to help integrate
renewables. PacifiCorp responded that it was open to exploring ways of adapting modeling
tools to provide this functionality but noted that DR was not as controllable as battery
storage.

- The 2021 CPA should not assign the full cost of DR enabling technologies to the

% Feedback Form 071; December 18, 2020
7 Feedback Form 078; April 13, 2021

8 Feedback Form 085; August 3, 2021

® Feedback Form 072; January 19, 2021

10 Feedback Form 076; February 10, 2021
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levelized cost of DR. PacifiCorp committed to revisiting the costs for all measures and
will consider cost assumption recommendations through the CPA stakeholder
engagement process.

- The CPA should consider the impacts of interactive effects between energy efficiency and
DR in all states, including those that use the Utility Cost Test. PacifiCorp noted that in the
2019 CPA, the company discounted participant costs in California, Oregon, Washington,
and Wyoming to account for DR and energy efficiency interactions. For the 2021 CPA, the
company committed to investigating the treatment of cost proxies in all states.

- Additional information should be provided regarding the methodology to treat interactive
effects between DR and pricing and rates measures (as pricing and rates potential is not
included in the IRP modeling process). PacifiCorp responded that DR is included in the
IRP model, and pricing and rates programs are accounted for in the IRP load forecast.

- The CPA should include a low, medium, and high case for Technically Achievable
Potential. PacifiCorp responded that it would consider this request as the 2021 CPA
progress progressed.

- Request for transparency regarding assumptions for Market Adoption Rates and any
corrections. PacifiCorp committed to providing stakeholders an opportunity to review
measure adoption rates during the CPA development process and any “outside” the model
changes that could affect the technical potential.

- Requested analysis for measure-level levelized cost and supply assumptions from 2019,
2017, and 2015 CPAs with historical measure-level cost and program achievements in each
jurisdiction. PacifiCorp committed to conducting a subset of that analysis as part of the
2021 CPA.

Utah Clean Energy sought additional information regarding how “emerging” CPA and DSM
measures were treated compared to standard DSM measures. PacifiCorp noted that there is no
inherent difference (save for potentially a faster ramp rate), but that the company would work with
Utah Clean Energy and Southwest Energy Efficiency Project to explore the possibility of modeling
declining cost within the 2021 IRP for emerging technologies.

Utah Clean Energy provided recommendations on which measures should be considered
“emerging.” PacifiCorp considered this feedback and ultimately removed the “emerging”
distinction from a number of measures.

Utah Clean Energy requested additional information regarding technical achievable potential, data
underlying light-emitting diode market adoption, and other conservation potential assumptions.
PacifiCorp responded to all questions and provided data as requested.'?

The Oregon Citizen’s Utility Board made a number of recommendations regarding low-income
assistance, moving the Oregon Irrigation Load Control beyond a pilot program, and pricing and

12 Feedback Form 036; September 18, 2020
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rates recommendations. PacifiCorp noted that it was extending the Oregon program and
appreciated the suggestion for low-income assistance. PacifiCorp referred pricing
recommendations to the (then) ongoing general rate case.

Staff of the Washington Utilities and Transportation Commission provided recommendations that
would increase the accessibility of reviewing CPA measures, including a “crosswalk” that would
allow comparison of approaches, measures grouped by program option, ability to save
spreadsheets locally, and expanded abbreviations. PacifiCorp removed password protection on the
online copies of the workbooks so that they could be saved, provided an “introduction” spreadsheet
within each list that defines terms, and provided an explanation of how a “crosswalk™ could be
derived from materials on the PacifiCorp website.

Staff of the Oregon Public Utility Commission requested additional information regarding whether
the costs for a residential smart thermostat have been updated with advanced metering
infrastructure deployment complete. PacifiCorp responded that projects that were reliant on
advanced metering infrastructure were only analyzed after the advanced metering infrastructure
was assumed to be deployed. Additional information is included in the 2019 CPA.!3!%15 Staff
further recommended that the company follow the California Public Utilities Commission’s
methodology for program incentives and recommended participant cost values. PacifiCorp
incorporated all recommendations.'®

Southwest Energy Efficiency Project and Utah Clean Energy also provided feedback on the
Conservation Potential Assessment workplan process in general, including providing all inputs,
assumptions, and draft output tables be provided to stakeholders in Excel format by year, as well
as considering ways to make scheduling more accessible. PacifiCorp

Cadmus Group requested the conservation supply curves generated in support of the IRP.
PacifiCorp provided the requested data in the feedback form response.!’

Southwest Energy Efficiency Project and Utah Clean Energy provided a number of
recommendations to update conservation potential assessments results for actual program
performance. PacifiCorp requested any workpapers underlying the recommendations and engaged
with parties to implement any needed changes. '®

Oregon Public Utility Commission Staff requested additional information regarding why Direct
Load Control demand response programs have not been proposed as pilots in PACW, requested
information regarding why the “large project adder” was removed from the Oregon projection,
and requested information on other modeling inputs. PacifiCorp responded that Direct Load
Control pilots have not been identified as cost-effective in PACW, and provided other information
requested as part of the stakeholder feedback form response. '

13 Feedback Form 010; May 4, 2020

14 Feedback Form 011; May 4, 2020

15 Feedback Form 012; May 4, 2020

16 Feedback Form 034; September 15, 2020
17 Feedback Form 048; October 4, 2020

18 Feedback Form 049; October 9, 2020

19 Feedback Form 050; October 16, 2020
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Washington Utilities and Transportation Commission Staff requested additional information
regarding costs, total resource cost tests, and resource acquisition levels to be included in the IRP.
PacifiCorp provided the requested detail in the feedback form response.’

Southwest Energy Efficiency Project raised questions with the energy efficiency measure results

and achievable technical potential. PacifiCorp provided additional detail in the feedback form
21

response.

Consultant Reports

The Wyoming Public Service Commission asked whether/how the 2021 IRP would include the
costs and reliability effects of the Kiewit decommissioning studies (including the other items to
consider and contingency percentage). PacifiCorp responded that the 2021 IRP will include base
estimate demolition costs from the 2019 decommissioning study for the coal-fueled generating
units, will include “take-or-pay” provisions, and will not include contingency reserves as they
cannot reliably be estimated at an acceptable level of granularity at this time.

Customer Preference

Sierra Club requested additional detail regarding the incremental costs or savings from customer
preference resources, a list of what actions “customer preference” includes, and detail on the
customer preference slides shown during the December 3, 2020 IRP public input meeting.
PacifiCorp responded with the requested detail within the feedback form.*

Distributed Energy Resources

Washington Utilities and Transportation Commission Staff requested additional detail regarding
how PacifiCorp plans for allowable levels of distributed energy resources on the system, including
quantifying benefits of distributed resources. PacifiCorp held a call with Staff on December 7,
2020 to discuss the questions and provide responses.?

Energy Efficiency

City of Kemmerer requested a technical conference to discuss “supply-side energy efficiency” of
various technology types, as well as analysis of costs and subsidies. PacifiCorp responded that
resource efficiency as described in the request is roughly equivalent to levelized cost of energy per
resource type, which is included in Chapter 6 of the IRP.**

Oregon Public Utility Commission Staff requested confirmation that there would be an opportunity
to discuss bundling methodologies in accordance with Oregon Order No. 20-186. PacifiCorp
addressed the topic during the October 2020 public input meeting.*’

20 Feedback Form 056; November 3, 2020
21 Feedback Form 068; December 4, 2020
22 Feedback Form 071; December 18, 2020
23 Feedback Form 056; November 3, 2020
24 Feedback Form.021; August 28, 2020

% Feedback Form 041; September 28, 2020
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Oregon Public Utility Commission Staff requested additional information regarding energy
efficiency bundling methodology. PacifiCorp provided information in response to the stakeholder
feedback form and held a follow-up discussion as part of the January IRP public-input meeting.2®

Washington Utilities and Transportation Commission Staff provided recommendations and
requests for detail regarding energy efficiency, energy efficiency and renewable energy shaping,
and load shapes. PacifiCorp responded to requests for information through the feedback form
process, and recommendations for energy efficiency and renewable energy shaping will be
considered in future planning cycles.?’

Energy Storage

Utah Valley Earth Forum recommended that PacifiCorp avoid lithium batteries to facilitate
development of the market for the construction of electric vehicles. PacifiCorp responded that
lithium-ion batteries are the most competitive energy storage technology (as of the 2019 IRP), but
that IRP modeling does not focus on specific battery chemistry. PacifiCorp has commissioned a
study of cost and performance characteristics of renewable resources as well as energy storage.”®

Renewable Northwest emphasized that co-located energy storage and renewables provided
flexibility and regional grid benefits, and that co-location should be encouraged. Renewable
Northwest also encouraged an independent analysis at the balancing authority level to evaluate
whether battery storage systems can provide benefits for peak hours in a year. PacifiCorp replied
that the company currently evaluates alternative solutions to planned transmission and distribution
upgrades, and battery storage is a potential alternative.?’

Oregon Citizen’s Utility Board requested additional information regarding how battery storage
will be modeled in the IRP and whether the IRP will account for interactive effects of Direct Load
Control and Price-based Demand Response programs. PacifiCorp responded that battery storage
i1s modeled on a state-by-state basis, and that Direct Load Control is taken into account. While not
a direct modeling input, the effects of Price-based Demand Response programs are included in the
load forecast.*®

Oregon Public Utility Commission Staff requested additional information on the solar plus storage
constraints presented during the June 2020 public input meeting, as well as whether there are any
constraints that would prevent the company from adding storage capacity to variable energy
resources. PacifiCorp responded to these requests and discussed how the IRP’s aggregated
topology eliminates the need to co-locate as long as the resources are in the same transmission
bubble. A discussion of constraints was discussed in the feedback form response.>!

Able Grid Energy Solutions provided recommendations and data to support the inclusion of energy
storage in the supply-side resource table and within portfolio modeling.

26 Feedback Form 063; November 17, 2020
7 Feedback Form 074; February 4, 2021

28 Feedback Form 014; June 27, 2020

2 Feedback Form 015; June 29, 2020

30 Feedback Form 031; September 9, 2020
31 Feedback Form 032; September 10, 2020
32 Feedback Form 055; October 26, 2020
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Environmental Policy

Powder River Basin Resource Council requested a follow-up to the October 2020 discussion on
regional haze, including a discussion of what the “baseline” case is for regional haze. PacifiCorp
held a follow-up discussion as part of the November 16, 2020 IRP public-input meeting.*?

Powder River Basin Resource Council requested additional data on how risk, cost, and benefits
regarding water use and water rights would be incorporated for coal-fired generation. PacifiCorp
provided the additional detail requested in the feedback form response.>*

IRP Public-Input Meeting Process/General Comments

Utah Association of Energy Users requested more detail on how the company planned to allow
opportunities for stakeholder feedback, given the extension of IRP filing to September 1, 2021 and
the cancellation of the May public input meetings. PacifiCorp subsequently added a public-input
meeting date in August to provide greater opportunity for feedback.*

Derek Sawaya provided a recommendation to transition to net-zero [emitting] energy as quickly
as possible. PacifiCorp considered this feedback as part of the portfolio modeling process, and the
preferred portfolio shows CO2 emissions reductions of 98% from 2005 levels by 2050.%

Utah Office of Consumer Services recommended the inclusion of customer rate impacts analysis
within the IRP. PacifiCorp analyzes the present value revenue requirement of different portfolios
as part of the portfolio selection process.’’

Legislation

Utah Association of Energy Users asked for additional detail on Oregon House Bill 2021 and how
it may impact the 2021 IRP. PacifiCorp discussed HB 2021 during the July 30, 2021 IRP public-
input meeting.>®

Load Forecasting

Utah Clean Energy asked for additional information on the electric vehicle and building
electrification forecasts used to estimate increased sales. PacifiCorp responded that EV growth
projections are unique to each state (and provided more information as an attachment) and clarified
that the building electrification projections were based on the outcome of HB 421 in Utah.*

Oregon Public Utility Commission Staff requested to review the company’s load forecast
methodology, which is included in the 2019 IRP, Appendix A. The company further responded to

33 Feedback Form 053; October 24, 2020
34 Feedback Form 054; October 24, 2020
35 Feedback Form 080; May 25, 2021

36 Feedback Form 086; August 3, 2021

37 Feedback Form 089; August 12, 2021
38 Feedback Form 082; June 28, 2021

3% Feedback Form 019; August 6, 2020
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Staff’s request for more information on low and high private generation load forecast sensitivities,
and explained that the underlying load forecast methodology underlying the IRP and Oregon
Docket UE 374 (Oregon 2020 General Rate Case) is the same.*°

Oregon Public Utility Commission Staff requested more detail on how renewable load correlation
method considers differences on the west and east sides of PacifiCorp’s system. PacifiCorp
provided the requested detail in the feedback form response.*!

Market Reliance Assessment

Sierra Club requested additional information regarding what types of transactions are considered
as part of “market reliance,” which delivery points for market purchases and sales are available on
the PacifiCorp system, and any planned assessments of the overall supply and availability of
market resources over time. PacifiCorp responded that market reliance assumes short-term firm
front office transactions which are assumed in planning to meet capacity needs. PacifiCorp
provided additional information as requested by Sierra Club as part of the stakeholder feedback
form response.*?

Washington Ultilities and Transportation Commission Staff requested additional information on
the market reliance assessment, including how climate change is considered and what risk analyses
have been incorporated to measure market liquidity trends. PacifiCorp provided the requested
detail in the feedback form response.*?

Oregon Public Utility Commission Staff requested additional information regarding the
applicability of front-office transaction limits across all hours. PacifiCorp provided the requested
information as part of the feedback form response.**

Modeling Assumptions

The Wyoming Public Service Commission recommended modeling scenarios that consider the
possibility that all Rocky Mountain Power states decline the additional load and costs within the
reassignment filings. PacifiCorp responded that it would be considered for inclusion in the 2021
IRP modeling process and may also be considered through the multi-state process in advance of
the reassignment filings.

Washington Utilities and Transportation Commission Staff provided recommendations for the
calculation of the three required scenarios under Washington’s Clean Energy Transformation Act.
PacifiCorp consulted the recommendations when planning the scenario runs to comply with the
legislation.*

40 Feedback Form 033; September 10, 2020
41 Feedback Form 077; April 9, 2021

42 Feedback Form 052; October 19, 2020

43 Feedback Form 056; November 3, 2020
4 Feedback Form 057; November 6, 2020
4 Feedback Form 056; November 3, 2020
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Washington Utilities and Transportation Commission Staff provided a reminder that regardless of
the preferred portfolio, coal-fired resources cannot be included in Washington’s allocation of
electricity after 2025.4

Natrium Demonstration Project

Sierra Club requested additional detail about the Natrium demonstration project and evaluation
within the 2021 IRP. PacifiCorp responded through the stakeholder feedback form process.*’

Western Resource Advocates requested additional detail regarding the technology involved in the
Natrium demonstration project. PacifiCorp’s response included the requested information.*®

Green Energy Institute requested additional information about the project, including siting
considerations and fuel considerations. PacifiCorp’s response included the requested
information.*’

Natural Gas

Utah Association of Energy Users noted that natural gas price forecasts have been consistently
higher than actual realized pricing since 2008 and recommended that the low-price forecast take
into account the reality of flat-to-declining natural gas price futures. PacifiCorp noted that if Utah
Association of Energy Users had a specific price forecast or methodology that it recommended,
that PacifiCorp could include it as a potential scenario. The company otherwise will continue to
rely on third-party experts to provide natural gas price forecasting due to the complexity.>

Operating Limits

Sierra Club requested information regarding the definition of “operating limits” including whether
operating limits referred to a reduction in thermal capacity factor. PacifiCorp clarified that
operating limits were plant-wide emissions limits and could be achieved through numerous
measures.

Sierra Club requested information on coal operations, including what constraints PacifiCorp
applies to the operation of coal units, and whether the company would consider a model run that
specified all coal units retired by 2030. PacifiCorp has implemented portfolio P-02, which specifies
all coal units retired by 2030.%!

Plexos
Washington Utilities and Transportation Commission Staff requested additional information

regarding how Plexos would be used for stochastic risk analysis, how loss of load probability
would be incorporated into the modeling, how social cost of greenhouse gas would be

46 Feedback Form 069; December 11, 2020
47 Feedback Form 081; June 11, 2021

48 Feedback Form 083; July 9, 2021

4 Feedback Form 084; July 15,2021

30 Feedback Form 018; July 28, 2020

31 Feedback Form 052, October 19, 2020
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incorporated, price forecasts, and other potential risks to quantify within the model. PacifiCorp
provided the requested information as part of the feedback form response.’?>?

Oregon Administrative Hearings Division asked for additional data (production costs) that is input
into the IRP for existing generators. Administrative Hearings Division further asked for
explanation on how the Plexos optimization model inputs are treated. PacifiCorp clarified that
production costs are an input regardless of the modeling process, and that the slides discussed
during the public input meeting referred generally to linear optimization modeling (but not
specifically to Plexos or the 2021 IRP).>*

Idaho Public Utilities Commission Staff asked for additional explanation on how the Plexos
optimization simulation model is validated. PacifiCorp responded that the company is performing
a benchmark test of Plexos against the 2019 IRP preferred portfolio to ensure that similar results
are reached given similar inputs.>

Washington Ultilities and Transportation Commission Staff requested additional information on
the Plexos modeling progress and the inclusion of the social cost of greenhouse gas for the 2021
IRP. PacifiCorp provided the requested data in the feedback form response.

Western Resource Advocates requested additional information regarding how Plexos would
consider certain coal analysis components (take-or-pay, fuel plans of company-owned mines, fuel
cost forecasts, etc.). PacifiCorp provided the requested detail as part of the feedback form
response.’’

Utah Association of Energy Users asked if the 2020 all source request for proposals results would
be incorporated into the 2021 IRP. PacifiCorp responded that results of the final short list would
be included, and that the results would be discussed at the June public-input meeting.’®

Private Generation Study

Oregon Public Utility Commission Staff requested that the private generation study outline the
policy driver assumptions. PacifiCorp responded that existing regulatory structures and known
incentives are used to develop the forecast, but no future regulatory/incentive regimes are
assumed.”

Procurement

Sierra Club requested anonymized median bid price data from PacifiCorp’s 2020 all source request
for proposals initial short list. PacifiCorp provided the requested detail.®

32 Feedback Form 056; November 3, 2020
33 Feedback Form 065; November 25, 2020
3 Feedback Form 016; July 23, 2020

35 Feedback Form 051; October 22, 2020

% Feedback Form 074; February 4, 2021

57 Feedback Form 079; April 27, 2021

38 Feedback Form 080; May 25, 2021

%% Feedback Form 041; September 28, 2020
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Oregon Public Utility Commission Staff provided a reminder of Oregon’s competitive bidding
rules.®!

Reliability Assessment

Wyoming Office of Consumer Advocate forwarded WECC’s Western Assessment of Resource
Adequacy and recommended that PacifiCorp incorporate the report’s recommendations.
PacifiCorp has reviewed the report and included a summary of its findings in Volume I, Chapter
5 (Reliability and Resiliency).

Renewable Energy Resources

Oregon Public Utility Commission Staff asked why PacifiCorp does not compare the generation
shapes of all resources to the load shape of the system — including why east and west resources
were divided. PacifiCorp responded that local weather conditions are likely to drive correlation,
and that west/east load and generation shapes were most closely correlated.

Utah Valley Earth Forum asked that for solar installations considered, that the company model
horizontal turning panels by each panel pivoting about a vertical axis. PacifiCorp responded that
single axis tracking solar photovoltaic systems were modeled in the 2019 IRP and would be
modeled again in the 2021 IRP. Further, a wide range of technologies and configurations can be
offered into procurement processes downstream from the IRP, as applicable.®?

Resource Adequacy

Wyoming Office of Consumer Advocate sent the Western Electric Coordinating Council Western
Assessment of Resource Adequacy report and recommended that PacifiCorp include
recommendations in the 2021 IRP. PacifiCorp considered the report and recommendations within
Volume I, Chapter 5 (Reliability and Resiliency).

Sensitivity Studies
The City of Kemmerer requested a sensitivity that would eliminate all hydroelectric generation
from the grid and would add back coal-fueled generation. PacifiCorp responded that the requested

sensitivity would be considered.®

The City of Kemmerer requested a sensitivity that eliminated all tax credits and subsidies are
eliminated. PacifiCorp responded that the requested sensitivity would be considered. 5%

Wyoming Office of Consumer Advocate provided the framework for a business as usual case
which would begin from the current portfolio and would quantify customer impacts that would

6! Feedback Form 077; April 9, 2021
62 Feedback Form 075; February 9, 2021
3 Feedback Form 017; July 25, 2020
% Feedback Form 026; August 28, 2020
%5 Feedback Form 027; August 28, 2020
% Feedback Form 028; August 28, 2020
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result from incremental changes from the portfolio. PacifiCorp incorporated this recommendation
into the BAU1 and BAU2 studies.®’

Wyoming Office of Consumer Advocate requested a sensitivity focused on system reliability
throughout the summer, in light of non-resource adequacy resources being deemed as emergency
capacity resources to support weather-related reliability challenges. This feedback is included in
PacifiCorp’s climate change scenario.®®

Wyoming Office of Consumer Advocate requested a Wyoming House Bill 200 sensitivity as part
of the 2021 IRP. PacifiCorp responded that the company would evaluate the potential impacts of
the bill.®

Wyoming Public Service Commission Staff requested the following sensitivities’":

- A model run showing the PVRR with no early coal or gas retirements to compare the
preferred portfolio (all other assumptions remaining the same). This is included through
the company’s business as usual cases.

- A model run that assumes carbon capture on all Wyoming coal plants with assumptions of
CCUS with zero capital costs (assuming third party pays capital costs) and the inclusion of
45Q tax credits retained by Company. Carbon capture utilization and sequestration
technology was included for analysis in the 2021 IRP.

- Rerun the IRP model without Washington Clean Energy Transformation Act (CETA) to
compare against the preferred portfolio. This is included through the CETA alternative
lowest reasonable cost scenario.

- Implementation of SF0159 where the Company purchases coal generation at avoided cost
for all Wyoming units past the retirement date. To model how new generation needs change
when coal generation in Wyoming is purchased at the Company’s avoided cost.

- Various sensitivity analysis related to prolonged extreme weather events sensitivity ran on
the preferred portfolio, such as: 3 days of record high temperatures and more A/C load, 3
days of record low temperatures with additional heating load, 15% reduction in solar
generation due to cloudy weather paired with a 15% reduction in wind generation due to
reduced wind. This is included through the company’s climate change sensitivity.

- A sensitivity analysis on how electrification affects load growth and the Company's ability
to meet reliability standards when EVs adoption rates increase exponentially in 2023. EV
adoption and electrification cases are included in the load forecast.

Wyoming Public Utility Commission Staff provided the framework for a business as usual case.
This framework informed the company’s two planned business as usual scenarios.”!

Renewable Northwest recommended that a business as usual case consider relevant state policy
objectives and continue to make economic retirement decisions and the growing scale of energy

67 Feedback Form 037; September 23, 2020
%8 Feedback Form 039; September 23, 2020
% Feedback Form 040; September 23, 2020
70 Feedback Form 044; September 29, 2020
"l Feedback Form 045; September 30, 2020
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efficiency and demand response. Renewable Northwest’s recommendations informed the
company’s two planned business as usual scenarios.”?

Washington Utilities and Transportation Commission Staff and Oregon Public Utility Commission
Staff jointly provided a set of sensitivity runs that are CETA compliant and apply a social cost of
carbon cost adder. The cases informed the PO1, P02, and P03 cases planned by the company, and
were factored into the development of CETA required cases (such as maximum customer benefit
and climate change).”

Wyoming Industrial Energy Consumers emailed a joint party recommendation for two business as
usual cases for modeling in the 2021 IRP. PacifiCorp consulted the requested cases when building
the “business as usual” portfolios.”

Oregon Public Utility Commission Staff requested a low market price, high volatility sensitivity
to determine the optimal portfolio in a high-renewable and no-gas buildout throughout the WECC.
PacifiCorp considered this request when developing portfolios.”

Wyoming Industrial Energy Consumers requested a stochastic sensitivity that took into account
weather-related extended outage risks within the 2021 IRP. PacifiCorp included a climate-change
sensitivity in the 2021 IRP that included the best available science on climate change and potential
risks.”®

Powder River Basin Resource Council, National Parks Conservation Association, and HEAL Utah
requested a sensitivity that incorporates selective catalytic reduction controls at Jim Bridger units
1 and 2, Wyodak, Naughton units 1 and 2, and all 5 units at Hunter and Huntington. PacifiCorp
considered this request as part of the portfolio construction process.”’

Utah Division of Public Utilities requested an additional sensitivity to allow the model to select
new proxy natural gas units as a resource option. PacifiCorp added this requested sensitivity to the
portfolio modeling process as a result of this feedback.”

Utah Clean Energy and other parties requested an additional sensitivity to study potential
retirement dates for Jim Bridger Units 3 & 4. PacifiCorp added this requested sensitivity to the

portfolio modeling process as a result of this feedback.”

PacifiCorp included discussions on requested and required sensitivities in Chapter 7 — Portfolio
Modeling and presented sensitivities as part of the August 6, 2021 IRP public-input meeting.

State Energy Policy

72 Feedback Form 046; October 2, 2020
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74 Feedback Form 058; November 10, 2020
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Washington Utilities and Transportation Commission Staff asked for additional information
regarding how PacifiCorp would show compliance with the legislative requirements of RCW
19.405.030(1)(a). PacifiCorp responded that it would comply with the method directed in rule,
once adopted. PacifiCorp is continuing to work with Staff and Commissioners to ensure
compliance.’’

Washington Utilities and Transportation Commission requested additional data on how key
components of the Clean Energy Transformation Act — including the required Climate Change
scenario — would be modeled as part of the IRP. PacifiCorp provided additional information
regarding the modeling process for heating and cooling degree days, a 1-in-20 year scenario, and
the availability of differing modeling timescales.®!%2

The City of Kemmerer asked that Wyoming’s Senate File 159 and House Bill 200 be included in
the 2021 IRP. Both are included and have been addressed at the September 17, 2020 public input
meeting.®®

Oregon Public Utility Commission Staff recommended a preliminary House Bill 2021 assessment
as part of the 2021 IRP and requested additional information/confirmation on baseline emissions.
PacifiCorp will work with Staff to determine the best path forward on HB 2021 compliance.?*

Supply-side Resource Costs/Supply-side Resource Table

The City of Kemmerer requested that small nuclear reactors be included in the supply-side table,

as well as carbon capture coal technology. Both have been added to the supply-side table for
2021.%

The City of Kemmerer requested additional elevations to be included in the efficiency study for
natural gas resources. PacifiCorp responded that the elevations currently included in the study
represented a reasonable range across the system, and that specific elevations by site were not
feasible for a proxy study.®*’

Oregon Public Utility Commission Staff asked if any potential economies of scale were potentially
being missed as part of the current supply-side resource table solar selection and asked for
additional information on solar and wind profiles that may be used in the IRP. PacifiCorp
responded that above 200MW of solar, economies of scale are marginal. The company also
provided additional detail for the solar and wind profiles.®

Wyoming Office of Consumer Advocate requested that carbon capture utilization and
sequestration technology and small modular nuclear reactors should be included in the supply-side
resource table. Both have been included for the 2021 IRP.%
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Wyoming Public Service Commission Staff provided a number of questions and recommendations
with regard to the supply-side table, price-policy scenarios, and optimization of retirement dates.
PacifiCorp responded to the questions through the feedback form, and subsequently discussed
optimized retirement dates as part of the portfolio discussions in June and July 2021.%°

Wyoming Public Service Commission Staff requested that carbon capture utilization and
sequestration technology be included in the supply-side resource table and asked for additional
information on the 2019 supply side resource tables and underlying data. PacifiCorp included
carbon capture utilization and sequestration technology in the 2021 IRP and provided the data
requested through the feedback form.!

Oregon Public Utility Commission Staff requested that offshore wind be included in the supply-
side table after the 2021 IRP. In response to this feedback, PacifiCorp included a discussion of
offshore wind potential in the 2021 IRP, and plans to include off-shore wind in the 2023 IRP
supply-side table.*?

Oregon Public Utility Commission Staff requested additional information on carbon capture
utilization and sequestration inputs and coal take-or-pay provisions in the supply-side resources
table. PacifiCorp provided the requested information in the stakeholder feedback form

response.”**

Transmission

Oregon Administrative Hearings Division requested explanation of the target in-service
assumptions for Gateway West Segment D1 in the 2019 IRP. PacifiCorp responded that Gateway
West Segment D1 was not modeled in the 2019 IRP but is necessary to comply with FERC order
and to achieve the level of new resources in eastern Wyoming included in the preferred portfolio
at the end of 2023.%

Oregon Public Utility Commission Staff requested additional detail regarding how the Boardman
to Hemingway line would be modeled in the 2021 IRP and how the upgrade/financing would be
conducted. PacifiCorp provided information regarding the company’s east-to-west share of the
line and the asset swap agreement but had not yet determined the modeling approach for the line.”®

Western Resource Advocates requested that once the transmission topology was complete, that
PacifiCorp provide the incremental transmission capacity as compared to the 2019 IRP. Discussion
of transmission capacity is included in Chapter 4 — Transmission, Chapter 7 — Portfolio Modeling,
and Chapter 8 — Portfolio Selection.”’
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Interwest Energy Alliance requested additional detail on when network service transmission
capacity from retiring assets is made available for interconnection — including more information
on the process and notification to transmission customers. PacifiCorp provided the requested detail
in the feedback form response.”® Interwest further requested information on legal needed for
approval of the 2021 IRP projects, import capacity assumed, and requested additional clarity on
how transmission projects were selected.”

Contact Information

PacifiCorp’s IRP website: www.pacificorp.com/energy/integrated-resource-plan.html.

PacifiCorp requests any informal request be sent to the following address or email.

PacifiCorp

IRP Resource Planning Department
825 N.E. Multnomah, Suite 600
Portland, Oregon 97232

Email Address:
IRP@PacifiCorp.com

Phone Number:
(503) 813-5245

%8 Feedback Form 064; November 25, 2020
% Feedback Form 091; August 4, 2021
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APPENDIX D — DEMAND-SIDE MANAGEMENT
RESOURCES

Introduction

This appendix reviews the studies and reports used to support the demand-side management
(DSM) resource information used in the modeling and analysis of the 2021 Integrated Resource
Plan (IRP). In addition, it provides information on the economic DSM selections in the 2021 IRP’s
Preferred Portfolio, a summary of existing DSM program services and offerings, and an overview
of the DSM planning process in each of PacifiCorp’s service areas.

Conservation Potential Assessment (CPA) for 2021-2040

Since 1989, PacifiCorp has developed biennial IRPs to identify an optimal mix of resources that
balance considerations of cost, risk, uncertainty, supply reliability/deliverability, and long-run
public policy goals. The optimization process accounts for capital, energy, and ongoing operation
costs as well as the risk profiles of various resource alternatives, including: traditional generation
and market purchases, renewable generation, and DSM resources such as energy efficiency, and
demand response or capacity-focused resources. Since the 2008 IRP, DSM resources have
competed directly against supply-side options, allowing the IRP model to guide decisions
regarding resource mixes, based on cost and risk.

The Conservation Potential Assessment (CPA) for 2021-2040,! conducted by Applied Energy
Group (AEG) on behalf of PacifiCorp, primarily seeks to develop reliable estimates of the
magnitude, timing, and costs of DSM resources likely available to PacifiCorp over the IRP’s 20-
year planning horizon. The study focuses on resources realistically achievable during the planning
horizon, given normal market dynamics that may hinder or advance resource acquisition. Study
results were incorporated into PacifiCorp’s 2021 IRP and will be used to inform subsequent DSM
planning and program design efforts. This study serves as an update of similar studies completed
since 2007.

For resource planning purposes, PacifiCorp classifies DSM resources into four categories,
differentiated by two primary characteristics: reliability and customer choice. These resource
classifications can be defined as: demand response (e.g., a firm, capacity focused resource such as
direct load control), energy efficiency (e.g., a firm energy intensity resource such as conservation),
demand side rates (DSR) (e.g., a non-firm, capacity focused resource such as time of use rates),
and behavioral-based response (e.g., customer energy management actions through education and
information).

From a system-planning perspective, demand response resources can be considered the most
reliable, as they can be dispatched by the utility. In contrast, behavioral-based resources are the
least reliable due to the resource’s dependence on voluntary behavioral changes. With respect to
customer choice, demand response and energy efficiency resources should be considered

! PacifiCorp’s Demand-Side Resource Potential Assessment for 2021-2040, completed by AEG, can be found at:
www.pacificorp.com/energy/integrated-resource-plan/support.html.
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involuntary in that, once equipment and systems have been put in place, savings can be expected
to occur over a certain period of time. DSR and behavioral-based activities involve greater
customer choice and control. This assessment estimates potential from demand response, energy
efficiency, and DSR.

The CPA excludes an assessment of Oregon’s energy efficiency resource potential, as this work is
performed by Energy Trust of Oregon, which provides energy efficiency potential in Oregon to
PacifiCorp for resource planning purposes.

Current DSM Program Offerings by State

Currently, PacifiCorp offers a robust portfolio of DSM programs and initiatives, most of
which are offered in multiple states, depending on size of the opportunity and the need.
Programs are reassessed on a regular basis. PacifiCorp has the most up-to-date programs
on its website.” Demand response and energy efficiency program services and offerings are
available by state and sector. Energy efficiency services listed for Oregon, except for low-
income weatherization services, are provided in collaboration with Energy Trust of
Oregon.?

Table D.1 provides an overview of the breadth of demand response and energy efficiency program
services and offerings available by Sector and State.

PacifiCorp has numerous DSR offerings currently available. They include metered time-of-day
and time-of-use pricing plans (in all states, availability varies by customer class), and residential
seasonal rates (Idaho and Utah). System-wide, approximately 17,200 customers were participating
in metered time-of-day and time-of-use programs as of December 31, 2019.

Savings associated with rate design are captured within the company’s load forecast and are thus
captured in the integrated resource planning framework. PacifiCorp continues to evaluate DSR
programs for applicability to long-term resource planning.

PacifiCorp provides behavioral based offerings as well. Educating customers regarding
energy efficiency and load management opportunities is an important component of
PacifiCorp’s long-term resource acquisition plan. A variety of channels are used to educate
customers including television, radio, newspapers, bill inserts and messages, newsletters,
school education programs, and personal contact. Load reductions due to behavioral activity
will show up in demand response and energy efficiency program results and non-program
reductions in the load forecast over time.

Table D.2 provides an overview of DSM related wattsmart Outreach and Communication activities
(Class 4 DSM activities) by state.

2 Programs for Rocky Mountain Power can be found at www.rockymountainpower.net/savings-energy-choices.html
and programs for Pacific Power can be found at www.pacificorp.com/environment/demand-side-management.html.
3 Funds for low-income weatherization services are forwarded to Oregon Housing and Community Services.
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Table D.1- Current Demand Response and Energy Efficiency Program Services and

Offerings by Sector and State
California Oregon Washington Idaho Utah Wyoming

Program Services & Offerings

by Sector and State

Residential Sector

Air Conditioner Direct Load N

Control

Lighting Incentives y N N N N ]
New Appliance Incentives ~ ~ ~ N N N
Heating And Cooling Incentives v v v N N N
Weatherization Incentives -

Windows, Insulation, Duct v v v N N N
Sealing, etc.

New Homes y N N N N N
Low-Income Weatherization v \ < N N N
Home Energy Reports N N N N N
School Curriculum N N N

Energy Saving Kits N N N
Financing Options With On-Bill N N

Payments

Trade Ally Outreach N N N N N N

Program Services & Offerings . . . .
s Idah h W
by Sector and State California Oregon Washington daho Uta yoming

Non-Residential Sector

Irrigation Load Control v v v

Standard Incentives N N N N ‘/ N
Energy Engineering Services v N N N \/ N
Billing Credit Incentive (offset N N N
to DSM charge)

Energy Management ~ N N \/ ‘/ N
Energy Profiler Online N N v \/ ‘/ N
Business Solutions Toolkit v N v \/ \/ N
Trade Ally Outreach N N v \/ ‘/ N
Small Business Lighting ~ v N N N
Lighting Instant Incentives \I ~ v N N N
Small to Mid-Sized Business

Facilitation \ v v v y v
DSM Project Managers Partner

With Customer Account v v v N N N
Managers
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Table D.2 — Current wattsmart Outreach and Communications Activities
Wattsmart Outreach &
Communications (incremental

to program specific California | Oregon Washington Idaho Utah Wyoming
advertising)

Advertising v v N N N
Sponsorships v +

Social Media v v v N N N
Public Relations v v v N N
Business Advocacy (awards at

customer meetings,

sponsorships, chamber v v v + + N
partnership, university

partnership)

Wattsmart Workshops and

Community Outreach v v v v v v
BE wattsmart, Begin at Home - N N N N
in school energy education

State-Specific DSM Planning Processes

A summary of the DSM planning process in each state is provided below.

Utah, Wyoming and Idaho

The company’s biennial IRP and associated action plan provides the foundation for DSM
acquisition targets in each state. Where appropriate, the company maintains and uses external
stakeholder groups and vendors to advise on a range of issues including annual goals for
conservation programs, development of conservation potential assessments, development of multi-
year DSM plans, program marketing, incentive levels, budgets, adaptive management and the
development of new and pilot programs.

Washington

The company is one of three investor-owned utilities required to comply with the Energy
Independence Act (also referred to as 1-937) approved in November 2006. The Act requires
utilities to pursue all conservation that is cost-effective, reliable, and feasible. Every two years,
each utility must identify its 10-year conservation potential and two-year acquisition target based
on its IRP and using methodologies that are consistent with those used by the Northwest Power
and Conservation Council. Each utility must maintain and use an external conservation stakeholder
group that advises on a wide range of issues including conservation programs, development of
conservation potential assessments, program marketing, incentive levels, budgets, adaptive
management and the development of new and pilot programs. PacifiCorp works with the
conservation stakeholder group annually on its energy efficiency program design and planning.

In 2019, Washington passed the Clean Energy Transformation Act (CETA), which requires
utilities to meet three primary clean energy standards: remove coal-fueled generation from
Washington’s allocation of electricity by 2025, serve Washington customers with greenhouse gas
neutral electricity by 2030, and to serve customers in Washington with 100% renewable and non-
emitting electricity by 2045. The conservation stakeholder group and the demand-side
management advisory group inform the CETA planning process.
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California

On January 13, 2021, the Commission issued Decision 20-11-032, approving the company’s
Annual Budget Advice Letter (ABAL) Filing 637E to continue administering its energy efficiency
programs through 2021. PacifiCorp submitted an application for the continuation of energy
efficiency programs for program years 2022-2026 on December 31, 2020.

Oregon

Energy efficiency programs for Oregon customers are planned for and delivered by Energy Trust
of Oregon in collaboration with PacifiCorp. Energy Trust’s planning process is comparable to
PacifiCorp’s other states, including establishing resource acquisition targets based on resource
assessment and integrated resource planning, developing programs based on local market
conditions, and coordinating with stakeholders and regulators to ensure efficient and cost-effective
delivery of energy efficiency resources.

Preferred Portfolio DSM Resource Selections
The following tables show the economic DSM resource selections by state and year in the 2021
IRP preferred portfolio.

Table D.3 —First Year Demand Response Resource Selections (2021 IRP Preferred
Portfolio)*

State/Product Category by Year (MW) [ 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
DR Summer - ID - - 0.5 9.5 1.9 0.5 1.3 4.3 5.9 2.0
DR Summer - UT - - 29.4 26.4 7.6 3.5 5.5 9.9 9.2 8.0
DR Summer - WY - - 0.9 1.1 0.8 0.6 0.9 1.0 0.9 0.8
DR Winter - ID - - 0.5 0.9 0.3 0.5 1.2 1.8 1.9 2.0
DR Winter - UT - - 35.5 41.2 2.6 2.7 3.9 5.9 9.7 7.0
DR Winter - WY - - 0.2 0.6 0.4 0.6 0.7 0.9 0.9 0.9
RFP DR - ID - 5.0 6.4 2.8 2.8 2.8 2.8 2.8 2.8 2.8
RFP DR - UT - 54.7 59.3 9.1 9.1 9.1 9.1 9.1 9.1 9.1
RFP DR - WY - 17.0 2.0 2.7 2.7 2.7 2.7 2.7 2.7 2.7
DR Summer - CA - - 1.1 2.0 0.5 0.4 0.5 0.7 0.6 0.7
DR Summer - OR - - 15.9 16.4 5.9 5.1 7.1 8.3 2.3 8.4
DR Summer - WA - - 3.9 4.9 2.0 1.1 1.8 2.2 1.5 1.4
DR Winter - CA - - 1.1 1.4 0.4 0.3 0.4 0.6 0.6 0.7
DR Winter - OR - - 13.7 15.4 2.8 3.1 3.2 4.3 4.3 4.7
DR Winter - WA - - 2.8 3.7 0.6 0.7 0.8 0.9 1.0 0.8
RFP DR - CA - 1.8 2.1 0.6 0.6 0.6 0.6 0.6 0.6 0.6
RFP DR - OR - 33.9 48.0 28.8 24.5 18.9 18.0 18.2 18.9 19.5
RFP DR - WA - 11.0 19.2 16.2 13.3 10.3 8.5 6.1 5.3 5.3

Total by Year 0 123.41 | 242.39 [ 183.61 78.83 63.46 68.98 80.18 77.84 77.50

4 _A portion of cost-effective demand response resources identified in the 2021 preferred portfolio are expected to be acquired through a
previously issued demand response RFP soliciting resources identified in the 2019 IRP. PacifiCorp will pursue all cost-effective demand response
resources identified as incremental to resources subsequently procured under the previously issued RFP in compliance with state level
procurement requirements.
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State/Product Category by Year (MW) [ 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040  Total MW
DR Summer - ID 2.4 2.1 2.7 2.3 14.6 2.0 2.6 4.7 3.4 4.6 67.0
DR Summer - UT 9.9 11.1 104.8 19.7 29.7 29.5 66.3 33.8 28.6 42.3 475.0
DR Summer - WY 1.0 1.0 1.9 1.1 1.0 1.4 1.2 1.4 3.7 36.5 57.0
DR Winter - ID 1.8 2.1 3.5 23 2.4 2.0 2.6 2.1 7.1 7.7 42.7
DR Winter - UT 83 12.1 72.6 222 24.1 33.9 58.9 24.0 26.6 74.2 465.3
DR Winter - WY 1.0 1.0 2.8 1.1 1.0 1.4 1.1 1.4 5.9 30.2 51.7
RFP DR - ID 2.8 - - - - - - - - - 33.6
RFP DR - UT 9.1 - - - - - - - - - 186.5
RFP DR - WY 2.7 - - - - - - - - - 40.8
DR Summer - CA 0.8 0.9 1.0 0.7 1.3 1.0 2.0 3.5 2.3 3.2 23.0
DR Summer - OR 8.4 9.9 13.8 8.9 25.8 11.0 9.9 25.1 13.1 52.6 248.0
DR Summer - WA 1.8 0.6 2.2 1.1 4.3 14.3 6.2 2.6 2.2 1.2 55.3
DR Winter - CA 0.7 0.9 0.9 0.7 1.2 1.0 2.0 7.6 2.2 3.3 25.9
DR Winter - OR 5.0 7.8 6.0 9.9 43.7 15.4 9.4 51.3 11.2 44.7 255.8
DR Winter - WA 0.6 0.9 0.6 0.5 11.4 12.3 21.5 1.2 1.4 1.1 62.9
RFP DR - CA 0.6 - - - - - - - - - 8.7
RFP DR - OR 20.2 - - - - - - - - - 248.9
RFP DR - WA 5.2 - - - - - - - - - 100.4

Total by Year 82.26 50.10 | 212.64 | 70.31 160.37 | 125.23 | 183.45 | 158.65 | 107.60 | 301.50 | 2448.30

Table D.4 — First Year Energy Efficiency Resource Selections (2021 IRP Preferred

Portfolio)
State 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
CA 2,272 2,621 1,702 2,055 2,412 2,863 3,415 4,488 4,791 4,571
OR 174,321 141,069 124,676 123,006 118,508 126,414 131,318 136,237 145,519 145,561
WA 41,184 34,003 37,231 39,530 45,254 50,201 53,928 55,500 55,259 55,204
uT 230,790 257,465 266,500 271,227 298,181 286,714 306,600 316,691 316,193 342,228
D 17,590 12,824 12,000 12,512 15,102 17,289 19,353 20,682 22,741 23,669
WY 43,877 44,467 44,204 80,727 83,706 88,708 94,174 96,827 94,700 94,876
Total System 510,034 492,450 486,314 529,058 563,163 572,189 608,788 630,425 639,204 666,108

Energy Efficiency Energy (1st Year Savings MWh) Selected by State and Year

State 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
cA 3995 4339 | 3840 3414 2,968 3261 3750 3304 3332 3,124
OR 141456 | 137369 | 127089 | 119,104 | 103538] os182|  ss44|  98235| 101,704 93476
WA 52754 | w1813 a2am9|  37700] 33324 26190 24150 21300 19555 17.219
ur 327804 | 307520 [ 279001 [ 256780 234705| 198053 | 200602 193179 180052 200875
) 2897|  2163] 20077 18aes| 17301 14208|  13228] | 11518 11,123
WY 85470 | 75314] 63065 s5559|  a7916|  3s067|  s00e2| 27784 25797 27,026
Total System 634375 | 594059 | 535650 | 491023 439932 375061 360245] 356534 350958 352843

For the 20-year assumed nameplate capacity contributions (MW impacts) by state and year
associated with the energy efficiency resource selections above, see Volume I, Chapter 9
(Modeling and Portfolio Selection).
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Introduction

Smart grid is the application of advanced communications and controls to the electric power
system. As such, a wide array of applications can be defined under the smart grid umbrella.
PacifiCorp has identified specific areas for research that include technologies such as dynamic line
rating, phasor measurement units, distribution automation, advanced metering infrastructure
(AMI), automated demand response and other advanced technologies. PacifiCorp has reviewed
relevant smart grid technologies for transmission and distribution systems that provide local and
system benefits. When considering these technologies, the communications network is often the
most critical infrastructure decision. This network must have relevant speed, reliability, and
security and be scalable to support the entire service territory and interoperable for many device
types, manufacturers, and generations of technology.

PacifiCorp has focused on those technologies that present a positive benefit for customers and has
implemented functions such as advanced metering, dynamic line rating, and distribution
automation. This will optimize the electrical grid when and where it is economically feasible,
operationally beneficial and in the best interest of customers. PacifiCorp is committed to
consistently evaluating the value of emerging technologies for integration when they are found to
be appropriate investments. The company is working with state commissions to improve
reliability, energy efficiency, customer service, and integration of renewable resources by
analyzing the total cost of ownership, performing thorough cost-benefit analyses, and reaching out
to customers concerning smart grid applications and technologies. As technology advances and
development continues, PacifiCorp is able to improve cost estimates and benefits of smart grid
technologies that will assist in identifying the best suited technologies for implementation.

Transmission Network and Operation Enhancements

Dynamic Line Rating

Dynamic line rating is the application of sensors to transmission lines to indicate the real-time
current-carrying capacity of the lines in relation to thermal restrictions. Transmission line ratings
are typically based on line-loading calculations given a set of worst-case weather assumptions,
such as high ambient temperatures and very low wind speeds. Dynamic line rating allows an
increase in current-carrying capacity when more favorable weather conditions are present, and the
transmission path is not constrained by other operating elements. The Standpipe-Platte project was
implemented in 2014 and has delivered positive results as windy days are directly linked to
increased wind power generation and increased transmission ratings. A dynamic line rating system
is used to determine the resulting cooling effect of the wind on the line. The current carrying
capacity is then updated to a new weather dependent line rating. The Standpipe-Platte 230 kilovolt
(kV) transmission line is one of three lines in the TOT4A transmission corridor and had been one
of the limits of the corridor power transfer. As a result of this project, the TOT4A Western
Electricity Coordinating Council (WECC) non-simultaneous path rating was increased. The DLR
system on the Platte — Standpipe 230 kV line is currently being upgraded with a Transmission Line
Monitoring (TLM) system manufactured by Lindsay Industries, which has been put in-service in
January 2021.
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Additionally, a new DLR system is being implemented on the existing Dave Johnston- Amasa —
Difficulty — Shirley Basin 230 kV line as part of the Gateway Segment D.2 Project. The Dave
Johnston- Amasa — Difficulty — Shirley Basin 230 kV line connects two areas with a high
penetration of wind generation resources and implementation of the DLR system will improve the
link between those two areas to reduce the need for operational curtailments when wind patterns
result in a variation in generation between the two areas, such as high winds in the northeast area
and moderate to low winds in the southeast area. The DLR system will increase the transmission
line steady-state rating under increased wind conditions and reduce instances and duration of
associated generation curtailments.

Dynamic line rating will be considered for all future transmission needs as a means for increasing
capacity in relation to traditional construction methods. Dynamic line rating is only applicable for
thermal constraints and only provides additional site-dependent capacity during finite time
periods, and it may or may not align with expected transmission needs of future projects.
PacifiCorp will continue to look for opportunities to cost-effectively employ dynamic line rating
systems similarly to the one deployed on the Standpipe — Platte 230 kV transmission line...

Digital Fault Recorders / Phasor Measurement Unit Deployment

To meet compliance with the North American Electric Reliability Corporation (NERC) MOD-
033-1 and PRC-002-2 standards, PacifiCorp has installed over 100 multifunctional digital fault
recorders (DFR) which include phasor measurement unit (PMU) functionality. The installations
are at key transmission and generation facilities throughout the six-state service territory, generally
placed on WECC identified critical paths. PMUs provide sub-second data for voltage and current
phasors, which can be used for MOD-033-1 event analysis and model verification. DFRs have a
shorter recording time with higher sampling rate to validate dynamic disturbance modelling per
PRC-002-2. The DFR/PMUs will deliver dynamic PMU data to a centralized phasor data
concentrator (PDC) storage server where offline analysis can be performed by transmission
operators, planners, and protection engineers. Installation of the communications and data transfer
systems between the individual PMUs and the PDC is underway and planned for completion by
the end of 2021. Additionally, transient DFR data can be downloaded manually at substations.

Transmission planners will use the phasor data quantities from actual system events to benchmark
performance of steady-state and transient stability models of the interconnected transmission
system and generating facilities. Using a combination of phasor data from the PMUs and analog
quantities currently available through Supervisory Control and Data Acquisition System
(SCADA), transmission planners can set up the system models to accurately depict the
transmission system prior to, during, and following an event. Differences in simulated versus
actual system performance will then be evaluated to allow for enhancements and corrections to
the system model.

Model validation procedures are being evaluated, in conjunction with data and equipment
availability to fulfill MOD-033-1. Creation of a documented process to validate data that includes
the comparison of a planning power flow model to actual system behavior and the comparison of
the planning dynamic model to actual system response is ongoing. PacifiCorp will continually
evaluate potential benefits of PMU installation and intelligent monitoring as the industry considers
PMU in special protection, remedial action scheme and other roles that support transmission grid
operators. PacifiCorp will continue to work with the California Independent System Operator
(CAISO)’s Reliability Coordinator West to share data as appropriate.
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Distribution Automation and Reliability

Distribution Automation

Distribution automation encompasses a wide field of smart grid technology and applications that
focus on using sensors and data collection on the distribution system, as well as automatically
adjusting the system to optimize performance. Distribution automation can also provide improved
outage management with decreased restoration times after failure, operational efficiency, and peak
load management using distributed resources and predictive equipment failure analysis using
complex data algorithms. PacifiCorp is working on distribution automation initiatives focused on
improved system reliability through improved outage management and response.

In Oregon, PacifiCorp identified 40 circuits on which cost benefit analyses were performed. From
this analysis two circuits in Lincoln City, Oregon were selected to have a fault location, isolation
and service restoration (FLISR) system installed. The project was installed through 2019 and
commissioning of the automation scheme conducted through 2020. While the automation
scheme’s effectiveness was able to be validated, persistent issues with the security and reliability
of the piloted communication technology occurred throughout 2020 and resulted in exploring
alternate technology. Based on that experience additional two additional automation projects were
initiated in Portland and Medford, relying on private fiber optic communications (in a manner very
similar to how transmission assets would be monitored) Engineering and construction are in
progress and commissioning during 2022 is anticipated.

Wildfire Mitigation

In response to concerns of wildfire danger to customers, PacifiCorp began developing
communication systems and practices to improve system reliability in at risk areas. Selected
substations in Siskiyou County, California and Wasatch County, Utah are preliminary sites that
will have remote communication installed to allow dispatch operators to modify re-closer settings.

Distribution Substation Metering

Substation monitoring and measurement of various electrical attributes were identified as a
necessity due to the increasing complexity of distribution planning driven by growing levels of
primarily solar generation as distributed energy resources. Enhanced measurements improve
visibility into loading levels and generation hosting capacity as well as load shapes, customer usage
patterns, and information about reliability and power quality events.

In 2017, an advanced substation metering project was initiated to provide an affordable option for
gathering required substation and circuit data at locations where SCADA is unavailable and/or
uneconomical. SCADA has been the preferred form of gathering load profile data from distribution
circuits, however SCADA systems can be expensive to install and additional equipment is required
to provide the data needed to perform distribution system and power quality analysis. When system
data rather than data and control is important, SCADA 1is no longer the best option.

The advanced substation metering project was intended to provide an affordable option for
gathering required distribution system data. The Company’s work plan included:
e Finalize installation of advanced substation meters at distribution substations and
document installations

e Ensure all substation meters installed as part of this program are enabled with remote
communication capabilities
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e Refine a data management system (PQView) to automatically download, analyze and
interpret data downloaded from all installed substation meters
The advanced substation metering project enabled installation of enhanced monitors at more than
fifty distribution circuits in the state of Utah. The Company also deployed PQView software, a
data analytics tool that provides users with a refined view of power quality information gathered
from substation meters.

Distributed Energy Resources

Energy Storage Systems

In 2017, PacifiCorp filed the Energy Storage Potential Evaluation and Energy Storage Project
proposal with the Public Utilities Commission or Oregon. This filing was in alignment with
PacifiCorp’s strategy and vision regarding the expansion and integration of renewable
technologies. The company proposed a utility-owned targeted energy storage system (ESS) pilot
project. In 2019 PacifiCorp began project development and is progressing to build an ESS on a
Hillview substation distribution circuit in Corvallis, Oregon. Due to issues finding a suitable
location in Corvallis the company located a different location. The new location for the ESS is the
Lakeport Substation in Klamath Falls. The intent of this project is to integrate the ESS into the
existing distribution system with the capability and flexibility to potentially advance to a future
micro grid system.

In 2020, PacifiCorp developed Community Resiliency programs in Oregon and California to
expand customer understanding of how the use of ESS equipment might increase the resilience of
critical facilities. The initial pilot programs provided technical support and evaluation of potential
options. In the future, the Company will evaluate opportunities to develop programs and partner
with facilities that move forward with the installation of ESS infrastructure.

Demand Response

In 2018, PacifiCorp transitioned to the automatic dispatch of the residential air conditioner (A/C)
program in Utah, utilizing two-way communication devices to respond to frequency dispatch
signals. Known as Cool Keeper this frequency dispatch innovation is a grid-scale solution using
fast-acting residential demand response resources to support the bulk power system. Some utilities
use generating resources to perform this function, but as higher levels of wind and solar resources
are added, additional balancing resources are required. The Cool Keeper system provides over 200
MWs of operating reserves to the system through the control of more than 108,000 A/C units.

In 2021, PacifiCorp released a Request for Proposals for Demand Response resources. The
Company is currently at the early stages of reviewing those proposals. The Company has used the
responses to incorporate the cost of Demand Response programs more accurately in the 2021
Integrated Resource Plan.

Dispatchable Customer Resources

PacifiCorp partnered with a developer in 2018 to make an innovative solar and battery solution
possible at a 600-unit multi-family community in Utah. Known as Soleil Lofts, this project
provides a unique opportunity for the company to implement an innovative solution using solar
and battery storage integration along with demand response and advanced management of the grid
through daily energy load shaping. The project includes the development of a company-owned
utility data and dispatch portal with direct access to 621 Sonnen batteries, each rated at 8kW, for
a total of 4.8 MWs of capacity and 12 MWh of energy within the project area. In addition to the
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cost savings with leveraging the Soleil community partnership, the project creates opportunity to
develop and test new programs related demand response, load shaping and rate design.

At this time, approximately 450 of the 600 units have been deployed. PacifiCorp has integrated
the control system into the energy management system and continues to test different use cases
for the aggregated capacity.

In learning from Rocky Mountain Power’s partnership with Soleil Lofts. The Company developed
the Wattsmart Battery Program which was approved in October 2020 through the Utah Public
Service Commission. This innovative demand response program allows Rocky Mountain Power
to control behind the meter customer batteries. The Company will have the ability to control
customer batteries for real time grid needs such as peak load management, contingency reserves
and frequency response. Customer controlled batteries will allow the Company to maximize
renewable energy when it’s needed to support the electrical gird.

Advanced Metering Infrastructure

Advanced metering infrastructure (AMI) is an integrated system of smart meters, communications
networks, and data management systems that provide interval data available on a daily basis. This
infrastructure can also provide advanced functionalities including remote connect/disconnect,
outage detection and restoration signals, and support distribution automation schemes. In 2016,
PacifiCorp identified economical AMI solutions for California and Oregon that delivered tangible
benefits to customers while minimizing the impact on consumer rates.

In 2019, PacifiCorp completed installation of the Itron Gen5 AMI system across the Company’s
Oregon and California service territories. The AMI system consists of head-end software, FANs
and approximately 656,000 meters. Interval energy usage data is provided to customers via the
Pacific Power website and mobile app. The project was completed on schedule and on budget.

In 2018, PacifiCorp awarded a contract to Itron for their OpenWay Riva AMI system in the states
of Idaho and Utah. In early 2020, Itron proposed a change for the information technology (IT) and
network systems, using their Gen5 system rather than the OpenWay system, while still deploying
the more advanced Riva meter technology. Itron’s Gen5 system has the same IT and network used
in PacifiCorp’s Oregon and California service territories. This solution aligns with Itron’s future
road map and provides PacifiCorp with a single operational system that will reduce cybersecurity
issues and operating costs associated with maintaining separate systems. This solution provides a
stronger, more flexible network coupled with a high-end metering solution.

The Utah/Idaho project involves upgrading the head-end software and installation of the FAN and
approximately 240,000 new Itron Riva AMI meters for most customer classification and 20,000
Aclara AMI meters for the Utah rate schedule 136 private generation accounts. This solution will
utilize over 80% of the existing AMR meters in Utah to provide hourly interval data for residential
customers as well as outage detection and restoration messaging. The project will replace all
current meters in Idaho with new Itron Riva AMI meters as AMR was not fully deployed there.
Furthermore, the project will leverage the customer communication tools developed for the
Oregon and California AMI projects.
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The project is expected to be completed by the end of 2022. Costs and benefits associated with the
AMI project will be tracked and analyzed and will be evaluated against the business case
projections after completion.

Financial analyses to extend AMI solutions to Washington and Wyoming were performed in 2019
and 2020, respectively. These states utilize the same AMR meter technology as Utah and can be
leveraged to provide extended functionality and value. The analyses determined that moving these
states to an AMI solution is not cost effective at this time but has improved slightly over previous
analyses. The Company will continue to review and evaluate the business case and cost
effectiveness for these states routinely over the next few years.

Outage Management Improvements

PacifiCorp advanced a new module in its OMS which allows for field responders to update outage
data as they complete their work, using Mobile Workforce Management tools; this functionality is
restricted to service transformer and customer meter devices, which comprise approximately half
of the outages to which the company responds. This ensures more rapid, accurate and efficient
updates to outage data, but still maintains the OMS topology as the method to manage line worker
safety by having real-time access to elements that are energized and those which may be in an
abnormal state.

In Utah, PacifiCorp has initiated a project to enhance the ability to receive outage notifications
from intelligent line sensors, smart meters and existing AMR meters. The intelligent line sensors
will be installed on distribution circuits that will provide service to critical facilities. For the
purpose of this project, critical facilities have been defined as major emergency facility centers
such as hospitals, trauma centers, police and fire dispatch centers, etc. The information provided
by the line sensors will allow control center operators to target restoration at critical facilities
during major outages sooner than is currently possible. Full implementation of the project is
expected to be completed by December 2021, concurrent with the completion of the AMI project.

Future Smart Grid

The Company continues to develop a strategy to attain long-term goals for grid modernization
and smart grid-related activities to continually improve system efficiency, reliability and safety,
while providing a cost-effective service to our customers. The Company will continue to monitor
smart grid technologies and determine viability and applicability of implementation to the system,
and as tipping points to broader implementation occur it’s expected these will be communicated
through a variety of methods, including this IRP as well as other regulatory mechanisms relevant
to that state.
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APPENDIX F — FLEXIBLE RESERVE STUDY

Introduction

The 2021 Flexible Reserve Study (FRS) estimates the regulation reserve required to maintain
PacifiCorp’s system reliability and comply with North American Electric Reliability Corporation
(NERC) reliability standards as well as the incremental cost of this regulation reserve. The FRS
also compares PacifiCorp’s overall operating reserve requirements, including both regulation
reserve and contingency reserve, to its flexible resource supply over the Integrated Resource Plan
(IRP) study period.

PacifiCorp operates two balancing authority areas (BAAs) in the Western Electricity Coordinating
Council (WECC) NERC region--PacifiCorp East (PACE) and PacifiCorp West (PACW). The
PACE and PACW BAAs are interconnected by a limited amount of transmission across a third-
party transmission system and the two BAAs are each required to comply with NERC standards.
PacifiCorp must provide sufficient regulation reserve to remain within NERC’s balancing
authority area control error (ACE) limit in compliance with BAL-001-2,! as well as the amount of
contingency reserve required to comply with NERC standard BAL-002-WECC-2.2 BAL-001-2 is
a regulation reserve standard that became effective July 1, 2016, and BAL-002-WECC-2a is a
contingency reserve standard that became effective January 24, 2017. Regulation reserve and
contingency reserve are components of operating reserve, which NERC defines as “the capability
above firm system demand required to provide for regulation, load forecasting error, equipment
forced and scheduled outages and local area protection.

Apart from disturbance events that are addressed through contingency reserve, regulation reserve
is necessary to compensate for changes in load demand and generation output to maintain ACE
within mandatory parameters established by the BAL-001-2 standard. The FRS estimates the
amount of regulation reserve required to manage variations in load, variable energy resources*
(VERs), and resources that are not VERs (“Non-VERs”) in each of PacifiCorp’s BAAs. Load,
wind, solar, and Non-VERs were each studied because PacifiCorp’s data indicates that these
components or customer classes place different regulation reserve burdens on PacifiCorp’s system
due to differences in the magnitude, frequency, and timing of their variations from forecasted
levels.

The FRS is based on PacifiCorp operational data recorded from January 2018 through December
2019 for load, wind, solar, and Non-VERs. PacifiCorp’s primary analysis focuses on the actual

1 NERC Standard BAL-001-2, www.nerc.com/files/BAL-001-2.pdf, which became effective July 1, 2016. ACE is
the difference between a BAA’s scheduled and actual interchange and reflects the difference between electrical
generation and Load within that BAA.

2 NERC Standard BAL-002-WECC-2a, www.nerc.com/files/BAL-002-WECC-2a.pdf, which became effective
January 24, 2017. BAL-002-WECC-2a clarified that non-traditional resources can qualify as spinning reserves if
they meet technical and performance requirements.

3 NERC Glossary of Terms: www.nerc.com/files/glossary_of _terms.pdf, updated May 13, 2019.

4 VERSs are resources that resources that: (1) are renewable; (2) cannot be stored by the facility owner or operator;
and (3) have variability that is beyond the control of the facility owner or operator. Integration of Variable Energy
Resources, Order No. 764, 139 FERC 9 61,246 at P 281 (2012) (“Order No. 764”); order on reh’g, Order No. 764-
A, 141 FERC 961,232 (2012) (“Order No. 764-A”); order on reh’g and clarification, Order No. 764-B, 144 FERC
961,222 at P 210 (2013) (“Order No. 764-B”).
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variability of load, wind, solar, and Non-VERs during 2018-2019. A supplemental analysis
discusses how the total variability of the PacifiCorp system changes with varying levels of wind
and solar capacity. The estimated regulation reserve amounts determined in this study represent
the incremental capacity needed to ensure compliance with BAL-001-2 for a particular operating
hour. The regulation reserve requirement covers variations in load, wind, solar, and Non-VERs,
while implicitly accounting for the diversity between the different classes. An explicit adjustment
is also made to account for diversity benefits realized as a result of PacifiCorp’s participation in
the Energy Imbalance Market (EIM) operated by the California Independent System Operator
Corporation (CAISO).

The methodology in the FRS is similar to that employed in PacifiCorp’s 2019 IRP but has been
enhanced in two areas.® First, the historical period evaluated in the study has been expanded to
include two years, rather than one, to capture a larger sample of system conditions. Second, the
methodology for extrapolating results for higher renewable resource penetration levels has been
modified to better capture the diversity between growing wind and solar portfolios.

The FRS results produce an hourly forecast of the regulation reserve requirements for each of
PacifiCorp’s BAAs that is sufficient to ensure the reliability of the transmission system and
compliance with NERC and WECC standards. This regulation reserve forecast covers the
combined deviations of the load, wind, solar and Non-VERs on PacifiCorp’s system and varies as
a function of the wind and solar capacity on PacifiCorp’s system, as well as forecasted levels of
wind, solar and load.

The regulation reserve requirement methodologies produced by the FRS are applied in production
cost modeling to determine the cost of the reserve requirements associated with incremental wind
and solar capacity. After a portfolio is selected, the regulation reserve requirements specific to that
portfolio can be calculated and included in the study inputs, such that the production cost impact
of the requirements is incorporated in the reported results. As a result, this production cost impact
is dependent on the wind and solar resources in the portfolio as well as the characteristics of the
dispatchable resources in the portfolio that are available to provide regulation reserves.

Overview

The primary analysis in the FRS is to estimate the regulation reserve necessary to maintain
compliance with NERC Standard BAL-001-2 given a specified portfolio of wind and solar
resources. The FRS next calculates the cost of holding regulation reserve for incremental wind and
solar resources. Finally, the FRS compares PacifiCorp’s overall operating reserve requirements
over the IRP study period, including both regulation reserve and contingency reserve, to its flexible
resource supply.

The FRS estimates regulation reserve based on the specific requirements of NERC Standard BAL-
001-2. It also incorporates the current timeline for EIM market processes, as well as EIM resource
deviations and diversity benefits based on actual results. The FRS also includes adjustments to
regulation reserve requirements to account for the changing portfolio of solar and wind resources
on PacifiCorp’s system and accounts for the diversity of using a single portfolio of regulation

52019 Flexible Reserve Study, Appendix F in Volume II of PacifiCorp’s 2019 IRP report:
https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-
plan/2019 IRP Volume II Appendices A-L.pdf
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reserve resources to cover variations in load, wind, solar, and Non-VERs. A comparison of the
results of the current analysis and that from the 2019 IRP is shown in Table F.1 and Table F.2.
Flexible resource costs are portfolio dependent and vary over time. For more details please refer
to Figure F.11 — Incremental Wind and Solar Regulation Reserve Costs.

Table F.1 - Portfolio Regulation Reserve Requirements

q Stand-alone Portfolio Regulation
Wind Solar . . . .
Capacity Capacity Regulation Diversity Requirement
Requirement Credit with Diversity
Case MW) MW MW) (%) MW)
CY2017 (2019 IRP) 2,750 1,021 994 47% 531
2018-2019 (2021 IRP) 2,745 1,080 1,057 49% 540

Table F.2 - 2021 FRS Flexible Resource Costs as Compared to 2019 Costs, $/MWh

Wind 2019 FRS | Solar 2019 FRS | Wind 2021 FRS | Solar 2019 FRS
(20189) (20189) (20209) (20189)
Study Period 2018-2036 2018-2036 2023-2040 2023-2040
Flexible Resource Cost $1.11 $0.85 $1.30 $1.09

Flexible Resource Requirements

PacifiCorp’s flexible resource needs are the same as its operating reserve requirements over the
planning horizon for maintaining reliability and compliance with NERC regional reliability
standards. Operating reserve generally consists of three categories: (1) contingency reserve (i.e.,
spinning and supplemental reserve), (2) regulation reserve, and (3) frequency response reserve.
Contingency reserve is capacity that PacifiCorp holds available to ensure compliance with the
NERC regional reliability standard BAL-002-WECC-2a.% Regulation reserve is capacity that
PacifiCorp holds available to ensure compliance with the NERC Control Performance Criteria in
BAL-001-2.7 Frequency response reserve is capacity that PacifiCorp holds available to ensure
compliance with NERC standard BAL-003-1.% Each type of operating reserve is further defined
below.

Contingency Reserve

Purpose: Contingency reserve may be deployed when unexpected outages of a generator or a
transmission line occur. Contingency reserve may not be deployed to manage other system
fluctuations such as changes in load or wind generation output.

Volume: NERC regional reliability standard BAL-002-WECC-2a specifies that each BAA must
hold as contingency reserve an amount of capacity equal to three percent of load and three percent
of generation in that BAA.

6 NERC Standard BAL-002-WECC-2a — Contingency Reserve: www.nerc.com/files/BAL-002-WECC-2a.pdf
"NERC Standard BAL-001-2 — Real Power Balancing Control Performance: www.nerc.com/files/BAL-001-2.pdf
8 NERC Standard BAL-003-1 — Frequency Response and Frequency Bias Setting:
www.nerc.com/pa/Stand/Reliability%20Standards/BAL-003-1.pdf
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Duration: Except within 60 minutes of a qualifying contingency event, a BAA must maintain the
required level of contingency reserve at all times. Generally, this means that up to 60 minutes of
generation are required to provide contingency reserve, though successive outage events may
result in contingency reserves being deployed for longer periods. To restore contingency reserves,
other resources must be deployed to replace any generating resources that experienced outages,
typically either market purchases or generation from resources with slower ramp rates.

Ramp Rate: Only up capacity available within ten minutes can be counted as contingency reserve.
In accordance with Requirement 2 of BAL-002-WECC-2a, at least half of a BAA’s requirement
must be met with “spinning” resources that are online and immediately responsive to system
frequency deviations, while the remainder can come from “non-spinning” resources that do not
respond immediately, though they must still be fully deployed in ten minutes.’

Regulation Reserve

Purpose: NERC standard BAL-001-2, which became effective July 1, 2016, does not specify a
regulation reserve requirement based on a simple formula, but instead requires utilities to hold
sufficient reserve to meet specified control performance standards. The primary requirement
relates to area control error (“ACE”), which is the difference between a BAA’s scheduled and
actual interchange, and reflects the difference between electrical generation and load within that
BAA. Requirement 2 of BAL-001-2 defines the compliance standard as follows:

Each Balancing Authority shall operate such that its clock-minute average of
Reporting ACE does not exceed its clock-minute Balancing Authority ACE Limit
(BAAL) for more than 30 consecutive clock-minutes...

In addition, Requirement 1 of BAL-001-2 specifies that PacifiCorp’s Control Performance
Standard 1 (“CPS1”) score must be greater than equal to 100 percent for each preceding 12
consecutive calendar month period, evaluated monthly. The CPS1 score compares PacifiCorp’s
ACE with interconnection frequency during each clock minute. A higher score indicates
PacifiCorp’s ACE is helping interconnection frequency, while a lower score indicates it is hurting
interconnection frequency. Because CPS1 is averaged and evaluated on a monthly basis, it does
not require a response to each and every ACE event, but rather requires that PacifiCorp meet a
minimum aggregate level of performance in each month. Regulation reserve is thus the capacity
that PacifiCorp holds available to respond to changes in generation and load to manage ACE within
the limits specified in BAL-001-2.

Volume: NERC standard BAL-001-2 does not specify a regulation reserve requirement based on
a simple formula, but instead requires utilities to hold sufficient reserve to meet performance
standards as discussed above. The FRS estimates the regulation reserve necessary to meet
Requirement 2 by compensating for the combined deviations of the load, wind, solar and Non-
VERs on PacifiCorp’s system. These regulation reserve requirements are discussed in more detail
later on in the study.

° Retirement of the minimum spinning reserve obligation in BAL-002-WECC-2a is being considered due to
redundancy with frequency response obligations under BAL-003-1. More information is available online at:
www.wecc.org/Standards/Pages/WECC-0115.aspx
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Ramp Rate: Because Requirement 2 includes a 30-minute time limit for compliance, ramping
capability that can be deployed within 30 minutes contributes to meeting PacifiCorp’s regulation
reserve requirements. The reserve for CPS1 is not expected to be incremental to the need for
compliance with Requirement 2 but may require that a subset of resources held for Requirement 2
be able to make frequent rapid changes to manage ACE relative to interconnection frequency.

Duration: PacifiCorp is required to submit balanced load and resource schedules as part of its
participation in EIM. PacifiCorp is also required to submit resources with up flexibility and down
flexibility to cover uncertainty and expected ramps across the next hour. Because forecasts are
submitted prior to the start of an hour, deviations can begin before an hour starts. As a result, a
flexible resource might be called upon for the entire hour. In order to continue providing flexible
capacity in the following hour, energy must be available in storage for that hour as well. The
likelihood of actually deploying for two hours or more for reliability compliance (as opposed to
economics) is expected to be small.

Frequency Response Reserve

Purpose: NERC standard BAL-003-1 specifies that each BAA must arrest frequency deviations
and support the interconnection when frequency drops below the scheduled level. When a
frequency drop occurs as a result of an event, PacifiCorp will deploy resources that increase the
net interchange of its BAAs and the flow of generation to the rest of the interconnection.

Volume: When a frequency drop occurs, each BAA is expected to deploy resources that are at
least equal to its frequency response obligation. The incremental requirement is based on the size
of the frequency drop and the BAA’s frequency response obligation, expressed in megawatt
(MW)/0.1 Herts (Hz). To comply with the standard, a BAA’s median measured frequency
response during a sampling of under-frequency events must be equal to or greater than its
frequency response obligation. PacifiCorp’s 2020 frequency response obligation was 19.4
MW/0.1Hz for PACW, and 49.1 MW/0.1Hz for PACE.!® PacifiCorp’s combined obligation
amounts to 68.5 MW for a frequency drop of 0.1 Hz, or 205.5 MW for a frequency drop of 0.3 Hz.

The performance measurement for contingency reserve under the Disturbance Control Standard
(BAL-002-3)!"!, allows for recovery to the lesser of zero or the ACE value prior to the contingency
event, so increasing ACE above zero during a frequency event reduces the additional deployment
needed if a contingency event occurs. Because contingency, regulation, and frequency events are
all relatively infrequent, they are unlikely to occur simultaneously. Because the frequency response
standard is based on median performance during a year, overlapping requirements that reduced
PacifiCorp’s response during a limited number of frequency events would not impact compliance.

As a result, any available capacity not being used for generation is expected to contribute to
meeting PacifiCorp’s frequency response obligation, up to the technical capability of each unit,
including that designated as contingency or regulation reserves. Frequency response must occur
very rapidly, and a generating unit’s capability is limited based on the unit’s size, governor
controls, and available capacity, as well as the size of the frequency drop. As a result, while a few

10 NERC. 2020 Frequency Bias Settings Effective 6/2/2020: www.nerc.com/comm/OC/Documents/BAL-
003 Frequency Bias_ Settings 02Jun2020.pdf

' NERC Standard BAL-002-3 — Disturbance Control Standard — Contingency Reserve for Recovery from a
Balancing Contingency Event: www.nerc.com/pa/Stand/Reliability Standards/BAL-002-3.pdf
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resources could hold a large amount of contingency or regulation reserve, frequency response may
need to be spread over a larger number of resources. Additionally, only resources that have active
and tuned governor controls as well as outer loop control logic will respond properly to frequency
events.

Ramp Rate: Frequency response performance is measured over a period of seconds, amounting
to under a minute. Compliance is based on the average response over the course of an event. As a
result, a resource that immediately provides its full frequency response capability will provide the
greatest contribution. That same resource will contribute a smaller amount if it instead ramps up
to its full frequency response capability over the course of a minute or responds after a lag.

Duration: Frequency response events are less than one minute in duration.
Black Start Requirements

Black start service is the ability of a generating unit to start without an outside electrical supply
and is necessary to help ensure the reliable restoration of the grid following a blackout. At this
time, PACW grid restoration would occur in coordination with Bonneville Power Administration
black start resources. The Gadsby combustion turbine resources are capable of supporting grid
restoration in PACE. PacifiCorp has not identified any incremental needs for black start service
during the IRP study period.

Ancillary Services Operational Distinctions

In actual operations, PacifiCorp identifies two types of flexible capacity as part of its participation
in the EIM. The contingency reserve held on each resource is specifically identified and is not
available for economic dispatch within the EIM. Any remaining flexible capacity on participating
resources that is not designated as contingency reserve can be economically dispatched in EIM
based on its operating cost (i.e. bid) and system requirements and can contribute to meeting
regulation reserve obligations. Because of this distinction, resources must either be designated as
contingency reserve or as regulation reserve. Contingency events are relatively rare while
opportunities to deploy additional regulation reserve in EIM occur frequently. As a result,
PacifiCorp typically schedules its lowest-cost flexible resources to serve its load and blocks off
capacity on its highest-cost flexible resources to meet its contingency obligations, subject to any
ramping limitations at each resource. This leaves resources with moderate costs available for
dispatch up by EIM, while lower-cost flexible resources remain available to be dispatched down
by EIM.

Regulation Reserve Data Inputs

Overview

This section describes the data used to determine PacifiCorp’s regulation reserve requirements. In
order to estimate PacifiCorp’s required regulation reserve amount, PacifiCorp must determine the
difference between the expected load and resources and actual load and resources. The difference
between load and resources is calculated every four seconds and is represented by the ACE. ACE
must be maintained within the limits established by BAL-001-2, so PacifiCorp must estimate the
amount of regulation reserve that is necessary in order to maintain ACE within these limits.
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To estimate the amount of regulation reserve that will be required in the future, the FRS identifies
the scheduled use of the system as compared to the actual use of the system during the study term.
For the baseline determination of scheduled use for load and resources, the FRS used hourly base
schedules. Hourly base schedules are the power production forecasts used for imbalance settlement
in the EIM and represent the best information available concerning the upcoming hour.'?

The deviation from scheduled use was derived from data provided through participation in the
EIM. The deviations of generation resources in EIM were measured on a five-minute basis, so
five-minute intervals are used throughout the regulation reserve analysis.

EIM base schedule and deviation data for each wind, solar and Non-VER transaction point were
downloaded using the SettleCore application, which is populated with data provided by the
CAISO. Since PacifiCorp’s implementation of EIM on November 1, 2014, PacifiCorp requires
certain operational forecast data from all of its transmission customers pursuant to the provisions
of Attachment T to PacifiCorp’s Federal Energy Regulatory Commission (FERC) approved Open
Access Transmission Tariff (OATT). This includes EIM base schedule data (or forecasts) from all
resources included in the EIM network model at transaction points. EIM base schedules are
submitted by transmission customers with hourly granularity, and are settled using hourly data for
load, and fifteen-minute and five-minute data for resources. A primary function of the EIM is to
measure load and resource imbalance (or deviations) as the difference between the hourly base
schedule and the actual metered values.

A summary of the data gathered for this analysis is listed below, and a more detailed description
of each type of source data is contained in the following subsections.

Source data:

- Load data
0 Five-minute interval actual load
0 Hourly base schedules

- VER data
0 Five-minute interval actual generation
0 Hourly base schedules

- Non-VER data
0 Five-minute interval actual generation
0 Hourly base schedules

12 The CAISO, as the market operator for the EIM, requests base schedules at 75 minutes (T-75) prior to the hour of
delivery. PacifiCorp’s transmission customers are required to submit base schedules by 77 minutes (T-77) prior to
the hour of delivery — two minutes in advance of the EIM Entity deadline. This allows all transmission customer
base schedules enough time to be submitted into the EIM systems before the overall deadline of T-75 for the entirety
of PacifiCorp’s two BAAs. The base schedules are due again to CAISO at 55 minutes (T-55) prior to the delivery
hour and can be adjusted up until that time by the EIM Entity (i.e., PacifiCorp Grid Operations). PacifiCorp’s
transmission customers are required to submit updated, final base schedules no later than 57 minutes (T-57) prior to
the delivery hour. Again, this allows all transmission customer base schedules enough time to be submitted into the
EIM systems before the overall deadline of T-55 for the entirety of PacifiCorp’s two BAAs. Base schedules may be
finally adjusted again, by the EIM Entity only, at 40 minutes (T-40) prior to the delivery hour in response to CAISO
sufficiency tests. T-40 is the base schedule time point used throughout this study
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Load Data

The load class represents the aggregate firm demand of end users of power from the electric
system. While the requirements of individual users vary, there are diurnal and seasonal patterns in
aggregated demand. The load class can generally be described to include three components: (1)
average load, which is the base load during a particular scheduling period; (2) the trend, or “ramp,”
during the hour and from hour-to-hour; and (3) the rapid fluctuations in load that depart from the
underlying trend. The need for a system response to the second and third components is the
function of regulation reserve in order to ensure reliability of the system.

The PACE BAA includes several large industrial loads with unique patterns of demand. Each of
these loads is either interruptible at short notice or includes behind the meter generation. Due to
their large size, abrupt changes in their demand are magnified for these customers in a manner
which is not representative of the aggregated demand of the large number of small customers
which make up the majority of PacifiCorp’s loads.

In addition, interruptible loads can be curtailed if their deviations are contributing to a resource
shortfall. Because of these unique characteristics, these loads are excluded from the FRS. This
treatment is consistent with that used in the CAISO load forecast methodology (used for PACE
and PACW operations), which also nets these interruptible customer loads out of the PACE BAA.

Actual average load data was collected separately for the PACE and PACW BAAs for each five-
minute interval. Load data has not been adjusted for transmission and distribution losses.

Wind and Solar Data

The wind and solar classes include resources that: (1) are renewable; (2) cannot be stored by the
facility owner or operator; and (3) have variability that is beyond the control of the facility owner
or operator.!> Wind and solar, in comparison to load, often have larger upward and downward
fluctuations in output that impose significant and sometimes unforeseen challenges when
attempting to maintain reliability. For example, as recognized by FERC in Order No. 764,
“Increasing the relative amount of [VERs] on a system can increase operational uncertainty that
the system operator must manage through operating criteria, practices, and procedures, including
the commitment of adequate reserves.”'* The data included in the FRS for the wind and solar
classes include all wind and solar resources in PacifiCorp’s BAAs, which includes: (1) third-party
resources (OATT or legacy contract transmission customers); (2) PacifiCorp-owned resources;
and (3) other PacifiCorp-contracted resources, such as qualifying facilities, power purchases, and
exchanges. In total, the FRS study period includes an average of 2,745 megawatts of wind and
1,080 megawatts of solar.

Non-VER Data

The Non-VER class is a mix of thermal and hydroelectric resources and includes all resources
which are not VERs, and which do not provide either contingency or regulation reserve. Non-
VERs, in contrast to VERs, are often more stable and predictable. Non-VERs are thus easier to
plan for and maintain within a reliable operating state. For example, in Order No. 764, FERC

13 Order No. 764 at P 281; Order No. 764-B at P 210.
14 Order No. 764 at P 20 (emphasis added).
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suggested that many of its rules were developed with Non-VERs in mind and that such generation
“could be scheduled with relative precision.”’>The output of these resources is largely in the
control of the resource operator, particularly when considered within the hourly timeframe of the
FRS. The deviations by resources in the Non-VER class are thus significantly lower than the
deviations by resources in the wind class. The Non-VER class includes third-party resources
(OATT or legacy transmission customers); many PacifiCorp-owned resources; and other
PacifiCorp-contracted resources, such as qualifying facilities, power purchases, and exchanges. In
total, the FRS includes 2,202 megawatts of Non-VERs.

In the FRS, resources that provide contingency or regulation reserve are considered a separate,
dispatchable resource class. The dispatchable resource class compensates for deviations resulting
from other users of the transmission system in all hours. While non-dispatchable resources may
offset deviations in loads and other resources in some hours, they are not in the control of the
system operator and contribute to the overall requirement in other hours. Because the dispatchable
resource class is a net provider rather than a user of regulation reserve service, its stand-alone
regulation reserve requirement is zero (or negative), and its share of the system regulation reserve
requirement is also zero. The allocation of regulation reserve requirements and diversity benefits
is discussed in more detail later in the study.

Regulation Reserve Data Analysis and Adjustment

Overview

This section provides details on adjustments made to the data to align the ACE calculation with
actual operations, and address data issues.

Base Schedule Ramping Adjustment

In actual operations, PacifiCorp’s ACE calculation includes a linear ramp from the base schedule
in one hour to the base schedule in the next hour, starting ten-minutes before the hour and
continuing until ten-minutes past the hour. The hourly base schedules used in the study are adjusted
to reflect this transition from one hour to the next. This adjustment step is important because, to
the extent actual load or generation is transitioning to the levels expected in the next hour, the
adjusted base schedules will result in reduced deviations during these intervals, potentially
reducing the regulation reserve requirement. Figure F.1 below illustrates the hourly base schedule
and the ramping adjustment. The same calculation applies to all base schedules: Load, Wind, Non-
VERs, and the combined portfolio.

5 1d. at P 92.
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Figure F.1 - Base Schedule Ramping Adjustment
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Data Corrections

The data extracted from PacifiCorp’s systems for, wind, solar and Non-VERs was sourced from
CAISO settlement quality data. This data has already been verified for inconsistencies as part of
the settlement process and needs minimal cleaning as described below. Regarding five-minute
interval load data from the PI Ranger system, intervals were excluded from the FRS results if any
five-minute interval suffered from at least one of the data anomalies that are described further
below:

Load:
e Telemetry spike/poor connection to meter
e Missing meter data
e Missing base schedules

VERs:
e Curtailment events

Load in PacifiCorp’s BAAs changes continuously. While a BAA could potentially maintain the
exact same load levels in two five-minute intervals in a row, it is extremely unlikely for the exact
same load level to persist over longer time frames. When PacifiCorp’s energy management system
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(EMS) load telemetry fails, updated load values may not be logged, and the last available load
measurement for the BAA will continue to be reported.

Rapid spikes in load telemetry either up or down are unlikely to be the result of conditions which
require deployment of regulation reserve, particularly when they are transient. Such events could
be a result of a transmission or distribution outage, which would allow for the deployment of
contingency reserve, and would not require deployment of regulation reserve. Such events are also
likely to be a result of a single bad load measurement. Load telemetry spike irregularities were
identified by examining the intervals with the largest changes from one interval to the next, either
up or down. Intervals with inexplicably large and rapid changes in load, particularly where the
load reverts back within a short period, were assumed to have been covered through contingency
reserve deployment or to reflect inaccurate load measurements. Because they do not reflect periods
that require regulation reserve deployment, such intervals are excluded from the analysis. During
the study period, in PACW 15 minutes’ worth of telemetry spikes were excluded while no
telemetry spikes were observed in PACE. There were also 10 minutes’ worth of missing load meter
data, and 82 hours of missing load base schedules.

The available VER data includes wind curtailment events which affect metered output. When these
curtailments occur, the CAISO sends data, by generator, indicating the magnitude of the
curtailment. This data is layered on top of the actual meter data to develop a proxy for what the
metered output would have been if the generator were not curtailed. Regulation reserve
requirements are calculated based on the shortfall in actual output relative to base schedules. By
adding back curtailed volumes to the actual metered output, the shortfall relative to base schedules
is reduced, as is the regulation reserve requirement. This is reasonable since the curtailment is
directed by the CAISO or the transmission system operator to help maintain reliable operation, so
it should not exacerbate the calculated need for regulation reserves.

After review of the data for each of the above anomaly types, and out of 210,216 five-minute
intervals evaluated, approximately 1,000 five-minute intervals, or 0.5% of the data, was removed
due to data errors. While cleaning up or replacing anomalous hours could yield a more complete
data set, determining the appropriate conditions in those hours would be difficult and subjective.
By removing anomalies, the FRS sample is smaller but remains reflective of the range of
conditions PacifiCorp experiences, including the impact on regulation reserve requirements of
weather events experienced during the study period.

Regulation Reserve Requirement Methodology

Overview

This section presents the methodology used to determine the initial regulation reserve needed to
manage the load and resource balance within PacifiCorp’s BAAs. The five-minute interval load
and resource deviation data described above informs a regulation reserve forecast methodology
that achieves the following goals:

- Complies with NERC standard BAL-001-2;
- Minimizes regulation reserve held; and
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- Uses data available at time of EIM base schedule submission at T-40.'¢
The components of the methodology are described below, and include:

- Operating Reserve: Reserve Categories;

- Calculation of Regulation Reserve Need;

- Balancing Authority ACE Limit: Allowed Deviations;

- Planning Reliability Target: Loss of Load Probability (“LOLP”); and
- Regulation Reserve Forecast: Amount Held.

Following the explanation below of the components of the methodology, the next section details
the forecasted amount of regulation reserve for:

- Wind;
- Solar;
-  Non-VERs; and
- Load.

Components of Operating Reserve Methodology

Operating Reserve: Reserve Categories

Operating reserve consists of three categories: (1) contingency reserve (i.e., spinning and
supplemental reserve), (2) regulation reserve, and (3) frequency response reserve. These
requirements must be met by resources that are incremental to those needed to meet firm system
demand. The purpose of the FRS is to determine the regulation reserve requirement. The
contingency reserve and frequency response requirements are defined formulaically by their
respective reliability standards.

Of the three categories of reserve referenced above, the FRS is primarily focused on the
requirements associated with regulation reserve. Contingency reserve may not be deployed to
manage other system fluctuations such as changes in load or wind generation output. Because
deviations caused by contingency events are covered by contingency reserve rather than regulation
reserve, they are excluded from the determination of the regulation reserve requirements. Because
frequency response reserve can overlap with that held for contingency and regulation reserve
requirements it is similarly excluded from the determination of regulation reserve requirements.
The types of operating reserve and relationship between them are further defined in in the Flexible
Resource Requirements section above.

Regulation reserve is capacity that PacifiCorp holds available to ensure compliance with the NERC
Control Performance Criteria in BAL-001-2, which requires a BAA to carry regulation reserve
incremental to contingency reserve to maintain reliability.!” The regulation reserve requirement is
not defined by a simple formula, but instead is the amount of reserve required by each BAA to
meet specified control performance standards. Requirement two of BAL-001-2 defines the
compliance standard as follows:

16 See footnote 12 above for explanation of PacifiCorp’s use of the T-40 base schedule time point in the FRS.
7 NERC Standard BAL-001-2, www.nerc.com/files/BAL-001-2.pdf
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Each Balancing Authority shall operate such that its clock-minute average of
Reporting ACE does not exceed its clock-minute Balancing Authority ACE Limit
(BAAL) for more than 30 consecutive clock-minutes...

PacifiCorp has been operating under BAL-001-2 since March 1, 2010, as part of a NERC
Reliability-Based Control field trial in the Western Interconnection, so PacifiCorp has experience
operating under the new standard, even though it did not become effective until July 1, 2016.

The three key elements in BAL-001-2 are: (1) the length of time (or “interval”) used to measure
compliance; (2) the percentage of intervals that a BAA must be within the limits set in the standard,;
and (3) the bandwidth of acceptable deviation used under each standard to determine whether an
interval is considered out of compliance. These changes are discussed in further detail below.

The first element is the length of time used to measure compliance. Compliance under BAL-001-
2 is measured over rolling thirty-minute intervals, with 60 overlapping periods per hour, some of
which include parts of two clock-hours. In effect, this means that every minute of every hour is
the beginning of a new, thirty-minute compliance interval under the new BAL-001-2 standard. If
ACE is within the allowed limits at least once in a thirty-minute interval, that interval is in
compliance, so only the minimum deviation in each rolling thirty-minute interval is considered in
determining compliance. As a result, PacifiCorp does not need to hold regulation reserve for
deviations with duration less than 30 minutes.

The second element is the number of intervals where deviations are allowed to be outside the limits
set in the standard. BAL-001-2 requires 100 percent compliance, so deviations must be maintained
within the requirement set by the standard for all rolling thirty-minute intervals.

The third element is the bandwidth of acceptable deviation before an interval is considered out of
compliance. Under BAL-001-2, the acceptable deviation for each BAA is dynamic, varying as a
function of the frequency deviation for the entire interconnect. When interconnection frequency
exceeds 60 Hz, the dynamic calculation does not require regulation resources to be deployed
regardless of a BAA’s ACE. As interconnection frequency drops further below 60 Hz, a BAA’s
permissible ACE shortfall is increasingly restrictive.

Planning Reliability Target: Loss of Load Probability

When conducting resource planning, it is common to use a reliability target that assumes a
specified loss of load probability (LOLP). In effect, this is a plan to curtail firm load in rare
circumstances, rather than acquiring resources for extremely unlikely events. The reliability target
balances the cost of additional capacity against the benefit of incrementally more reliable
operation. By planning to curtail firm load in the rare event of a regulation reserve shortage,
PacifiCorp can maintain the required 100 percent compliance with the BAL-001-2 standard and
the Balancing Authority ACE Limit. This balances the cost of holding additional regulation reserve
against the likelihood of regulation reserve shortage events.

The FRS assumes that a regulation reserve forecasting methodology that results in 0.50 loss of
load hours per year due to regulation reserve shortages is appropriate for planning and ratemaking
purposes. This is in addition to any loss of load resulting from transmission or distribution outages,
resource adequacy, or other causes. The FRS applies this reliability target as follows:
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e If the regulation reserve available is greater than the regulation reserve need for an hour,
the LOLP is zero for that hour.

e I[fthe regulation reserve held is less than the amount needed, the LOLP is derived from the
Balancing Authority ACE Limit probability distribution as illustrated below.

Balancing Authority ACE Limit: Allowed Deviations

Even if insufficient regulation reserve capability is available to compensate for a thirty-minute
sustained deviation, a violation of BAL-001-2 does not occur unless the deviation also exceeds the
Balancing Authority ACE Limit.

The Balancing Authority ACE Limit is specific to each BAA and is dynamic, varying as a function
of interconnection frequency. When WECC frequency is close to 60 Hz, the Balancing Authority
ACE Limit is large and large deviations in ACE are allowed. As WECC frequency drops further
and further below 60 Hz, ACE deviations are increasingly restricted for BA As that are contributing
to the shortfall, i.e. those BAAs with higher loads than resources. A BAA commits a BAL-001-2
reliability violation if in any thirty-minute interval it does not have at least one minute when its
ACE is within its Balancing Authority ACE Limit.

While the specific Balancing Authority ACE Limit for a given interval cannot be known in
advance, the historical probability distribution of Balancing Authority ACE Limit values is known.
Figure F.2 below shows the probability of exceeding the allowed deviation during a five-minute
interval for a given level of ACE shortfall. For instance, an 82 MW ACE shortfall in PACW has a
one percent chance of exceeding the Balancing Authority ACE Limit. WECC-wide frequency can
change rapidly and without notice, and this causes large changes in the Balancing Authority ACE
Limit over short time frames. Maintaining ACE within the Balancing Authority ACE Limit under
those circumstances can require rapid deployment of large amounts of operating reserve. To limit
the size and speed of resource deployment necessitated by variation in the Balancing Authority
ACE Limit, PacifiCorp’s operating practice caps permissible ACE at the lesser of the Balancing
Authority ACE Limit or four times Lio. This also limits the occurrence of transmission flows that
exceed path ratings as result of large variations in ACE.'®! This cap is reflected in Figure F.2.

18 “Regional Industry Initiatives Assessment.” NWPP MC Phase 3 Operations Integration Work Group. Dec. 31,
2014. Pg. 14. Available at: www.nwpp.org/documents/MC-Public/NWPP-MC-Phase-3-Regional-Industry-
Initiatives-Assessment12-31-2014.pdf

19 “NERC Reliability-Based Control Field Trial Draft Report.” Western Electricity Coordinating Council. Mar. 25,
2015. Available at: www.wecc.biz/Reliability/RBC%20Field%20Trial%20Report%20Approved%203-25-2015.pdf
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Figure F.2 - Probability of Exceeding Allowed Deviation
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In 2018-2019, PacifiCorp’s deviations and Balancing Authority ACE Limits were uncorrelated,
which indicates that PacifiCorp’s contribution to WECC-wide frequency is small. PacifiCorp’s
deviations and Balancing Authority ACE Limits were also uncorrelated when periods with large
deviations were examined in isolation. If PacifiCorp’s large deviations made distinguishable
contributions to the Balancing Authority ACE Limit, ACE shortfalls would be more likely to
exceed the Balancing Authority ACE Limit during large deviations. Since this is not the case, the
probability of exceeding the Balancing Authority ACE Limit is lower, and less regulation reserve
is necessary to comply with the BAL-001-2 standard.

Regulation Reserve Forecast: Amount Held
In order to calculate the amount of regulation reserve required to be held while being compliant
with BAL-001-2 — using a LOLP of 0.5 hours per year or less — a quantile regression methodology
was used. Quantile regression is a type of regression analysis. Whereas the typical method of
ordinary least squares results in estimates of the conditional mean (50™ percentile) of the response
variable given certain values of the predictor variables, quantile regression aims at estimating other
specified percentiles of the response variable. Eight regressions were prepared, one for each class
(load/wind/solar/non-VER) and area (PACE/PACW). Each regression uses the following
variables:

e Response Variable: the error in each interval, in megawatts;

e Predictor Variable: the forecasted generation or load in each interval, expressed as a

percentage of area capacity;
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The forecasted generation or load in each interval used as the predictor variable contributes to the
regression as a combination of linear, square, and higher order exponential effects. Specifically,
the regression identifies coefficients that correspond to the following functions for each class:

Load Error: Load Forecast! + Constant

Wind Error: Wind Forecast’ + Wind Forecast'

Solar Error: Solar Forecast* + Solar Forecast® + Solar Forecast® + Solar Forecast'
Non-VER Error: Non-VER Forecast® + Non-VER Forecast!

The instances requiring the largest amounts of regulation reserve occur infrequently, and many
hours have very low requirements. If periods when requirements are likely to be low can be
distinguished from periods when requirements are likely to be high, less regulation reserve is
necessary to achieve a given reliability target. The regulation reserve forecast is not intended to
compensate for every potential deviation. Instead, when a shortfall occurs, the size of that shortfall
determines the probability of exceeding the Balancing Authority ACE Limit and a reliability
violation occurring. The forecast is adjusted to achieve a cumulative LOLP that corresponds to the
annual reliability target.

Regulation Reserve Forecast

Overview

The following forecasts are polynomial functions that cover a targeted percentile of all historical
deviations. These forecasts are stand-alone forecasts, based on the difference between hour-ahead
base schedules and actual meter data, expressing the errors as a function of the level of forecast.
The stand-alone reserve requirement shown achieves the annual reliability target of 0.5 hours per
year, after accounting for the dynamic Balancing Authority ACE Limit. The combined diversity
error system requirements are discussed later on in the study. Figure F.3- Figure F.8 illustrate the
relationship between the regulation reserve requirements during 2018-2019 and the forecasted
level of output, for each resource class and control area. Both the regulation reserve requirements
and the forecasted level of output are expressed as a percentage of resource nameplate (i.e., as a
capacity factor). Figure F.9 and Figure F.10 illustrate the same relationship between the regulation
reserve requirements during 2018-2019 and the forecasted load for each control area. Both the
regulation reserve requirements and the forecasted load are expressed as a percentage of the annual
peak load (i.e., as a load factor).
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Figure F.3 - Wind Regulation Reserve Requirements by Forecast - PACE

Figure F.4 - Wind Regulation Reserve Requirements by Forecast Capacity Factor - PACW
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Figure F.S - Solar Regulation Reserve Requirements by Forecast Capacity Factor - PACE

Figure F.6 - Solar Regulation Reserve Requirements by Forecast Capacity Factor - PACW
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Figure F.7 — Non-VER Regulation Reserve Requirements by Capacity Factor - PACE

Figure F.8 — Non-VER Regulation Reserve Requirements by Capacity Factor - PACW
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Figure F.9 — Stand-alone Load Regulation Reserve Requirements - PACE

Figure F.10 — Stand-alone Load Regulation Reserve Requirements - PACW
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The results of the analysis are shown in Figure F.3 below.

Table F.3 — Summary of Stand-alone Regulation Reserve Requirements

Stand-alone Regulation Capacity Stand-alone Regulation
Scenario Forecast (aMW) (MW) Forecast (%)
Non-VER 106 1,304 8.2%
Load 334 10,094 3.3%
VER - Wind 457 2,745 16.7%
VER - Solar 159 1,080 14.8%
Total 1,057

Portfolio Diversity and EIM Diversity Benefits

The EIM is a voluntary energy imbalance market service through the CAISO where market
systems automatically balance supply and demand for electricity every fifteen and five minutes,
dispatching least-cost resources every five minutes.

PacifiCorp and CAISO began full EIM operation on November 1, 2014. A number of additional
participants have since joined the EIM, and more participants are scheduled to join in the next
several years. PacifiCorp’s participation in the EIM results in improved power production
forecasting and optimized intra-hour resource dispatch. This brings important benefits including
reduced energy dispatch costs through automatic dispatch, enhanced reliability with improved
situational awareness, better integration of renewable energy resources, and reduced curtailment
of renewable energy resources.

The EIM also has direct effects related to regulation reserve requirements. First, as a result of EIM
participation, PacifiCorp has improved data used in the analysis contained in this FRS. The data
and control provided by the EIM allow PacifiCorp to achieve the portfolio diversity benefits
described in the first part of this section. Second, the EIM’s intra-hour capabilities across the
broader EIM footprint provide the opportunity to reduce the amount of regulation reserve
necessary for PacifiCorp to hold, as further explained in the second part of this section.

Portfolio Diversity Benefit

The regulation reserve forecasts described above independently ensure that the probability of a
reliability violation for each class remains within the reliability target; however, the largest
deviations in each class tend not to occur simultaneously, and in some cases deviations will occur
in offsetting directions. Because the deviations are not occurring at the same time, the regulation
reserve held can cover the expected deviations for multiple classes at once and a reduced total
quantity of reserve is sufficient to maintain the desired level of reliability. This reduction in the
reserve requirement is the diversity benefit from holding a single pool of reserve to cover
deviations in Solar, Wind, Non-VERs, and Load. As a result, the regulation reserve forecast for
the portfolio can be reduced while still meeting the reliability target. In the historical period,
portfolio diversity from the interactions between the various classes results in a regulation reserve
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requirement that is 36% lower than the sum of the stand-alone requirements, or approximately 679
MW.

EIM Diversity Benefit

In addition to the direct benefits from EIM’s increased system visibility and improved intra-hour
operational performance described above, the participation of other entities in the broader EIM
footprint provides the opportunity to further reduce the amount of regulation reserve PacifiCorp
must hold.

By pooling variability in load and resource output, EIM entities reduce the quantity of reserve
required to meet flexibility needs. The EIM also facilitates procurement of flexible ramping
capacity in the fifteen-minute market to address variability that may occur in the five-minute
market. Because variability across different BAAs may happen in opposite directions, the flexible
ramping requirement for the entire EIM footprint can be less than the sum of individual BAA
requirements. This difference is known as the “diversity benefit” in the EIM. This diversity benefit
reflects offsetting variability and lower combined uncertainty. This flexibility reserve (uncertainty
requirement) is in addition to the spinning and supplemental reserve carried against generation or
transmission system contingencies under the NERC standards.

The CAISO calculates the EIM diversity benefit by first calculating an uncertainty requirement
for each individual EIM BAA and then by comparing the sum of those requirements to the
uncertainty requirement for the entire EIM area. The latter amount is expected to be less than the
sum of the uncertainty requirements from the individual BAAs due to the portfolio diversification
effect of forecasting a larger pool of load and resources using intra-hour scheduling and increased
system visibility in the hypothetical, single-BAA EIM. Each EIM BAA is then credited with a
share of the diversity benefit calculated by CAISO based on its share of the stand-alone
requirement relative to the total stand-alone requirement.

The EIM does not relieve participants of their reliability responsibilities. EIM entities are required
to have sufficient resources to serve their load on a standalone basis each hour before participating
in the EIM. Thus, each EIM participant remains responsible for all reliability obligations. Despite
these limitations, EIM imports from other participating BAAs can help balance PacifiCorp’s loads
and resources within an hour, reducing the size of reserve shortfalls and the likelihood of a
Balancing Authority ACE Limit violation. While substantial EIM imports do occur in some hours,
it is only appropriate to rely on PacifiCorp’s diversity benefit associated with EIM participation,
as these are derived from the structure of the EIM rather than resources contributed by other
participants.

Table F.4 below provides a numeric example of uncertainty requirements and application of the
calculated diversity benefit.
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Table F.4 — EIM Diversity Benefit Application Example

a b ¢ d e f g h i J
=a+b+c+ =e-f =g/e |=c*h| =c-i
d
CAIS NE\'7P PAC'E PAC Total Tot'al Total : : PACE
(0} req't. | req't. w . req't. . . Diversit | PACE .
. . req't. diversit req't.
req't. | before | before | req't. after y benefit | benefi
before y . after
before | benefi | benefi | before benefit benefi benefit ratio t benefit
benefit t t benefit t
Hou
" MW) [ (MW) [ (MW) [ (MW) | (MW) | MW) | (MW) MW) | MW) | (MW)
1 550 110 165 100 925 583 342 37.00% 61 104
2 600 110 165 100 975 636 339 34.80% 57 108
3 650 110 165 110 1,035 689 346 33.40% 55 110
4 667 120 180 113 1,080 742 338 31.30% 56 124

While the diversity benefit is uncertain, that uncertainty is not significantly different from the
uncertainty in the Balancing Authority ACE Limit previously described. In the FRS, PacifiCorp
has credited the regulation reserve forecast based on a historical distribution of calculated EIM
diversity benefits. While this FRS considers regulation reserve requirements in 2018-2019, the
CAISO identified an error in their calculation of uncertainty requirements in early 2018. CAISO’s
published uncertainty requirements and associated diversity benefits are now only valid for March
2018 forward. To capture these additional benefits for this analysis, PacifiCorp has applied the
historical distribution of EIM diversity benefits from the 12 months beginning March 2018. In the
historical study period, EIM diversity benefits used in the FRS would have reduced regulation
reserve requirements by approximately 140 MW.

The inclusion of EIM diversity benefits in the FRS reduces the magnitude, and thus probability,
of reserve shortfalls and, in doing so, reduces the overall regulation reserve requirement. This
allows PacifiCorp’s forecasted requirements to be reduced. As shown in Table F.5 below, the
resulting regulation reserve requirement is 540 MW, which is a 49 percent reduction (including
the portfolio diversity benefit) compared to the stand-alone requirement for each class. This
portfolio regulation forecast is expected to achieve an LOLP of 0.5 hours per year.

Table F.5 — 2018-2019 Results with Portfolio Diversity and EIM Diversity Benefits

Stand-alone Portfolio
Regulation Stand-alone Regulation Portfolio
Forecast Rate Forecast w/EIM Rate Capacity Rate
Scenario (aMW) (%) (aMW) (%) (MW) Determinant
Non-VER 106 8.2% 55 4.2% 1,304 Nameplate
Load 334 3.3% 172 1.7% 10,094 12 CP
VER - Wind 457 16.7% 237 8.6% 2,745 Nameplate
VER - Solar 159 14.8% 76 7.1% 1,080 Nameplate
Total 1,057 540
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Fast-Ramping Reserve Requirements

As previously discussed, Requirement 1 of BAL-001-2 specifies that PacifiCorp’s CPS1 score
must be greater than equal to 100 percent for each preceding 12 consecutive calendar month period,
evaluated monthly. The CPS1 score compares PacifiCorp’s ACE with interconnection frequency
during each clock minute. A higher score indicates PacifiCorp’s ACE is helping interconnection
frequency, while a lower score indicates it is hurting interconnection frequency. Because CPSI1 is
averaged and evaluated on a monthly basis, it does not require a response to each and every ACE
event, but rather requires that PacifiCorp meet a minimum aggregate level of performance in each
month.

The Regulation Reserve Forecast described above is evaluating requirements for extreme
deviations that are at least 30 minutes in duration, for compliance with Requirement 2 of BAL-
001-2. In contrast, compliance with CPS1 requires reserve capability to compensate for the
majority of conditions over a minute-to-minute basis. These fast-ramping resources would be
deployed frequently and would also contribute to compliance with Requirement 2 of BAL-001-2,
so they are a subset of the Regulation Reserve Forecast described above.

To evaluate CPS1 requirements, PacifiCorp compared the net load change for each five-minute
interval in the study period to the corresponding value for Requirement 2 compliance in that hour
from the Regulation Reserve Forecast, after accounting for diversity (resulting in a 540 MW
average requirement). Resources may deploy for Requirement 2 compliance over up to 30 minutes,
so the average requirement of 540 MW would require ramping capability of at least 18.0 MW per
minute (540 MW / 30 minutes).

Because CPS1 is averaged and evaluated on a monthly basis, it does not require a response to each
and every ACE event, but rather requires that PacifiCorp meet a minimum aggregate level of
performance in each month. Resources capable of ensuring compliance in 95 percent of intervals
are expected to be sufficient to meet CPS1 and given that ACE may deviate in either a positive or
negative direction, the 97.5™ percentile of incremental requirements versus Requirement 2 in that
interval was evaluated. At the 97.5™ percentile, fast ramping requirements for PACE and PACW
are 1.7 MW/minute and 0.8 MW/minute higher than the Requirement 2 ramp rate, respectively;
however, if dynamic transfers between the BAAs are available, the 97.5™ percentile for system as
a whole is 0.6 MW / minute lower than the Requirement 2 value. When viewed on a system basis,
this means that 30-minute ramping capability held for Requirement 2 would be sufficient to cover
an adequate portion of the fast-ramping events to ensure CPS1 compliance.

Note that resources must respond immediately to ensure compliance with Requirement 1, as
performance is measured on a minute-to-minute basis. As a result, resources that respond after a
delay, such as quick-start gas plants or certain interruptible loads, would not be suitable for
Requirement 1 compliance, so these resources cannot be allocated the entire regulation reserve
requirement. However, because Requirement 1 compliance is a small portion of the total regulation
reserve requirement, these restrictions on resource type are unlikely to be a meaningful constraint.

In addition, CPS1 compliance is weighted toward performance during conditions when
interconnection frequency deviations are large. The largest frequency deviations would also result
in deployment of frequency response reserves, which are somewhat larger in magnitude, though
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they have a less stringent performance metric under BAL-003-1, based on median response during
the largest events.

In light of the overlaps with BAL-001-2 Requirement 2 and BAL-003-1 described above, CPS1
compliance is not expected to result in an additional requirement beyond what is necessary to
comply with those standards.

Portfolio Regulation Reserve Requirements

The IRP portfolio optimization process contemplates the addition of new wind and solar capacity
as part of its selection of future resources, as well as changes in peak load due to load growth and
energy efficiency measure selection. These load and resource changes are expected to drive
changes in PacifiCorp’s regulation reserve requirements that will vary from portfolio to portfolio.

The 2019 FRS evaluated the change in regulation reserve requirements associated with
cumulatively stacking the individual wind and solar facilities throughout the two BAAs. Under
this methodology as each MW of VERSs is added to the system the rate of increase of the regulation
reserve requirement was quantified and used to extrapolate portfolio regulation results for larger
quantities of VERs. While extrapolating beyond existing data could be reasonable to a certain
extent, significant wind and solar capacity additions have already been committed and have
entered service since 2019 or will enter service in the next few years, and very large amounts of
wind and solar additions were identified in future years in the 2019 IRP portfolio, as shown in
Table F.6. Given the magnitude of the increases, the trendlines used in the 2019 FRS may not
adequately represent aggregate reserve requirements.

Table F.6 — Pending and Projected Wind and Solar Capacity Additions

Wind Solar Wind Solar
Capacity Capacity Increase Increase

Case MW) MW) (%) (%)
2018-2019 (Actual) 2,745 1,080
Actual + Signed contracts through 12/31/21 4,312 1,937 +57% +79%
Actual + Signed contracts through 12/31/23 4,312 2,427 +57% +125%
Actual + Signed + 19IRP Pref. Port 2024 6,232 4,581 +127% +324%
Actual + Signed + 19IRP Pref. Port 2030 7,282 5,440 +165% +404%

The locations that have been identified as likely sites for future wind and solar additions are in
relatively close proximity to existing wind and solar resources: wind mostly in eastern Wyoming
and solar mostly in southern Utah and southern Oregon. The trendline analysis performed in the
2019 FRS assumed that incremental resources continue to provide increasing levels of diversity;
however, future resources added in close proximity to existing resources are likely to have lower
than average diversity for that class of resources. Given the sizeable sample of existing wind and
solar resources in PACE and PACW, maintaining the existing level of diversity as a class of
resources doubles or quadruples is a more likely outcome than the continuing improvements
assumed in the 2019 FRS. With that in mind, the incremental regulation reserve analysis for the
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2021 FRS assumes that wind, solar, and load deviations scale linearly with capacity increases from
the actual data in the 2018-2019 historical period.

While diversity within each class is not expected to change significantly, there is the opportunity
for greater diversity among the wind, solar, and load requirements. These portfolio-related benefits
are inherently tied to the portfolio as a whole, so it is appropriate that they vary with the portfolio.
To that end, for the 2021 FRS PacifiCorp has calculated the portfolio diversity benefits specific to
a wide variety of wind and solar capacity combinations, rather than relying upon the historical
portfolio diversity value.

As part of the portfolio diversity calculation, the analysis assumes that minimum EIM flexible
reserve requirements and EIM diversity benefits scale with changes in portfolio capacity. EIM
minimum flexible reserve requirements are tied to the uncertainty in PacifiCorp’s requirements,
which grow with changes portfolio capacity, so it would be impacted directly. EIM diversity
benefits reflect PacifiCorp’s share of stand-alone requirements relative to those of the rest of the
BAA’s participating in EIM. All else being equal, increases in PacifiCorp’s portfolio capacity
would result in a greater proportion of the EIM diversity benefits being allocated to PacifiCorp.

Portfolio diversity is driven by interplay among the deviations by wind, solar, and load, so it is not
a single number, but rather is dependent on the specific conditions. The 2021 FRS incorporates
two mechanisms to better account for these interactions. First, a portfolio diversity value is
calculated specific to each hour of the day in each season. Second, rather than applying an equal
percentage reduction to all hours, diversity benefits are assumed to be highest when stand-alone
requirements are highest. For example, there is more opportunity for offsetting requirements when
load, wind, and solar all have significant stand-alone requirements. With that in mind, diversity is
applied as an exponent to the incremental requirement in excess of the EIM minimum requirement.
The result of this calculation is a diversity benefit which is highest for large reserve requirements,
and which approaches zero as the requirement approaches the EIM minimum, as illustrated in
Table F.7.

Table F.7 — Portfolio Diversity Exponent Example

Incremental Requirement w/

Diversity (MW) Portfolio Diversity (%)
By Diversity Exponent By Diversity Exponent
st [t Tontoons T o= | o oo Tgmn [ aer | e
Req. (MW) | (MW) | Req. (MW) c"75% | ¢*85% | ¢*95% | (b+d)a | (b+e)a | (b+f)a
a b c=a-b 75% 85% 95% 75% 85% 95%
200 200 0 0 0 0 0% 0% 0%
250 200 50 19 28 41 12% 9% 4%
300 200 100 32 50 79 23% 17% 7%
350 200 150 43 71 117 31% 23% 9%
400 200 200 53 90 153 37% 27% 12%
450 200 250 63 109 190 42% 31% 13%
500 200 300 72 128 226 46% 34% 15%
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For each combination of wind and solar capacity, the hourly portfolio diversity exponents for each
season are increased in a stepwise fashion until the risk of regulation reserve shortfalls during an
interval is sufficiently low and the overall risk of regulation reserve shortfalls achieves the target

of 0.5 hours per year. The resulting portfolio diversity is maximized for a combination of wind
and solar as summarized in Table F.8 and Table F.9 for PacifiCorp East and PacifiCorp West,
respectively.

Table F.8 — PacifiCorp East Diversity by Portfolio Composition

MW % (% Reduction vs. Stand-alone Requirements)
548 | 17.2 18.8  20.6
8,224 % % % % Not enough interconnection

4721 192 215 230 255 265
7,184 % % % % % % | capacity in 2021 IRP
3951 229 241 256 279 285 29.0

>
T 64 %l % % % % % % to reach
2 319| 260 273 292 307 307 305 295
O 5104 % % % % % % %  %| these
E 242| 304 316 329 338 327 328 328
= 4,064 % % % % % % % % | levels
3 166 | 350 362 385 371 376 362 339 319
2 3,024 % % % % % % % % %
100 480] 458 431 395 358 322 294
1,575 % % % % % % % %
464 403 364 330 300 273
788  50% % % % % % %

100 166 329 493 656 820 983
50% % % % % % % % %
428 855 1,462 2,502 3,542 4,582 5,622 6,662 MW
East Solar Capacity

D 2018-2019 Actual Wind and Solar Capacity

Table F.9 — PacifiCorp West Diversity by Portfolio Composition

MW % (% Reduction vs. Stand-alone Requirements)

4,38 21.1 224 229
e 9 548% % % % Not enough interconnection
s 3,66 234 248 254 29.0 330
& 9  412% % % % % % | capacity in 2021 IRP
g 2,94 262 267 27.6 32.1 348 381
= 9 395% % % % % % % to reach
= 2,22 29.6 306 314 362 395 427 427
2 9 319% % % % % % % % | these
Z 1,50 338 345 363 408 452 462 439

9 242% % % % % % % % | levels
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388 41.6 43.1 47.6 484 477 450 443
789  166% % % % % % % % %
4241 429 48,6 493 477 462 444

726  100% % % % % % % %
417 471 498 474 450 432
363 50% % % % % % %

50% 100% 166% 329% 493% 656% 820% 983% %
M
111 221 321 1,041 1,761 2,481 3,201 3,921 W

West Solar Capacity

D 2018-2019 Actual Wind and Solar Capacity

After portfolio selection is complete, regulation reserve requirements are calculated specific to a
portfolio’s load, wind, and solar resources in each year. The hourly regulation reserve requirement
varies as a function of annual peak load net of energy efficiency selections as well as total wind
and solar capacity. The regulation reserve requirement also varies based on the hourly load net of
energy efficiency and hourly wind and solar generation values. Diversity exponents specific to the
wind and solar capacity in each year are applied by hour and season, by interpolating among the
scenarios illustrated in Tables F.8 and F.9. For example, the diversity exponent for hour five in the
spring for a PACW study with 1,000 MW of wind and 1,000 MW of solar would reflect a
weighting of diversity exponents in hour five in the spring from four scenarios. The highest
weighting would apply to the 789 MW wind/1,041 MW solar scenario, and successively lower
weightings would apply to 1,509 MW wind/1,041 MW solar, 789 MW wind/321 MW solar, and
1,509 MW wind/321 MW solar, with the total weighting for all four scenarios summing to 100%.

Finally, an adjustment is made to account for the ability of resources that are combined with
storage to offset their own generation shortfalls beyond what is already captured by the model.
For example, combined solar and storage resources can offset their own generation shortfalls, up
to their interconnection limit. In actual operation, a reduction in solar generation would enable
additional storage discharge. However, within the Plexos model, there are no intra-hour variations
in load or renewable resource output and thus no potential increase in storage discharge. Note that
combined storage can only be discharged when there is a generation shortfall at the adjacent
resource, so it cannot cover all shortfalls across the system. For example, many solar resources do
not have co-located storage, and their errors would continue to need to be met with incremental
reserves. Nonetheless, combined solar and storage can cover a portion of their own shortfalls, and
that portion increases as more combined storage resources are added to the system. This adjustment
reduces the hourly regulation reserve requirement that is entered in the model.

Regulation Reserve Cost

The Plexos model reports marginal reserve prices on an hourly basis. So long as the change in
reserve obligations or capability from what was input for a study is relatively small, this reserve
price can provide a reasonable estimate of the impact of changes in reserves, without requiring
additional model runs.
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To estimate wind and solar integration costs from the 2021 IRP, PacifiCorp prepared a Plexos
scenario that reflected the final regulation reserve requirements, consistent with the Company’s
existing wind and resources plus selections in the P02-MM portfolio. Hourly regulation reserve
prices were reported from this study.

Wind Integration

The wind reserve case uses the 2021 FRS methodology to recalculate the wind reserve
requirement for a portfolio with 100 MW fewer wind resources in each year of the IRP
study horizon (2021-2040). The reduction in resources is applied equally between PACE
and PACW, and is allocated pro-rata among all wind resources in the area, such that the
aggregate hourly capacity factor is not impacted by the change in capacity. Removing this
wind capacity decreases regulation reserve requirements by an average of 14 MW. Wind
integration costs are calculated by multiplying the hourly change in reserve requirements
(in MW) by the hourly regulation reserve price in each hour of the year, and then dividing
that total by the incremental wind generation over the year.

Solar Integration

The solar reserve case uses the 2021 FRS methodology to recalculate the solar reserve
requirement for a portfolio with 100 MW fewer solar resources in each year of the IRP
study horizon (2021-2040). The reduction in resources is applied equally between PACE
and PACW, and is allocated pro-rata among all solar resources in the area, such that the
aggregate hourly capacity factor is not impacted by the change in capacity. Removing this
solar capacity decreases regulation reserve requirements by an average of 19 MW. Solar
integration costs are calculated by multiplying the hourly change in reserve requirements
(in MW) by the hourly regulation reserve price in each hour of the year, and then dividing
that total by the incremental solar generation over the year.

The incremental regulation reserve cost results for wind and solar are shown in Figure F.11. The
comparable regulation reserve costs from the 2019 FRS are also shown.

Figure F.11 — Incremental Wind and Solar Regulation Reserve Costs
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Solar generation is highest in the summer, when market prices and the cost of holding incremental
reserves is relatively high. The impact of the reduced summer market purchase limit in the 2021
IRP is likely a contributing factor in the 2023 solar integration value. However, as solar resources
become more prevalent, they tend to cause backdown of thermal generation in an increasing
number of hours, and reductions in marginal prices, instead of impacting higher cost market
transactions. As a result, many hours can have low or zero regulation reserve costs as solar
penetration gets high. Hybrid solar and storage resources also drive down regulation reserve costs
from the supply side, as storage resources are well suited for providing reserves. Due to their high
flexibility and limited energy capacity storage resources can respond quickly if needed, but would
otherwise be unlikely to dispatch until marginal costs are expected to be highest. This results in
many hours with an excess of regulation reserve capability at no cost. As storage becomes
increasingly prevalent in the Company’s portfolio after 2030, integration costs drop to under
$0.20/MWh for both wind and solar. In the 2019 IRP, solar combined with storage only included
storage equivalent to 25% of the solar nameplate, so it had a much small impact on regulation
reserve supply, and costs remained relatively high.

Flexible Resource Needs Assessment

Overview

In its Order No. 12013 issued on January 19, 2012 in Docket No. UM 1461 on “Investigation of
matters related to Electric Vehicle Charging”, the Oregon Public Utility Commission (OPUC)
adopted the OPUC staff’s proposed IRP guideline:

1. Forecast the Demand for Flexible Capacity: The electric utilities shall forecast the
balancing reserves needed at different time intervals (e.g. ramping needed within 5
minutes) to respond to variation in load and intermittent renewable generation over the 20-
year planning period;

2. Forecast the Supply of Flexible Capacity: The electric utilities shall forecast the balancing
reserves available at different time intervals (e.g. ramping available within 5 minutes) from
existing generating resources over the 20-year planning period; and

3. Evaluate Flexible Resources on a Consistent and Comparable Basis: In planning to fill any
gap between the demand and supply of flexible capacity, the electric utilities shall evaluate
all resource options including the use of electric vehicles (EVs), on a consistent and
comparable basis.

In this section, PacifiCorp first identifies its flexible resource needs for the IRP study period of
2021 through 2040, and the calculation method used to estimate those requirements. PacifiCorp
then identifies its supply of flexible capacity from its generation resources, in accordance with the
Western Electricity Coordinating Council (WECC) operating reserve guidelines, demonstrating
that PacifiCorp has sufficient flexible resources to meet its requirements.
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Forecasted Reserve Requirements

Since contingency reserve and regulation reserve are separate and distinct components, PacifiCorp
estimates the forward requirements for each separately. The contingency reserve requirements are
derived from the Plexos model. The regulating reserve requirements are part of the inputs to the
Plexos model and are calculated by applying the methods developed in the Portfolio Regulation
Reserve Requirements section. The contingency and regulation reserve requirements include three
distinct components and are modeled separately in the 2021 IRP: 10-minute spinning reserve
requirements, 10-minute non-spinning reserve requirements, and 30-minute regulation reserve
requirements. The average reserve requirements for PacifiCorp’s two balancing authority areas are
shown in Table F.10 below.

Table F.10 - Reserve Requirements (MW)

East Requirement West Requirement

T Spin Non-spin Regulation Spin Non-spin Regulation

(10-minute) (10-minute) (30-minute) (10-minute) (10-minute) (30-minute)
2021 136 136 562 70 70 228
2022 140 140 572 71 71 213
2023 144 144 623 73 73 214
2024 146 146 624 74 74 200
2025 148 148 914 75 75 200
2026 145 145 905 76 76 329
2027 147 147 909 76 76 330
2028 148 148 912 77 77 327
2029 151 151 884 78 78 313
2030 153 153 931 79 79 298
2031 155 155 934 80 80 299
2032 157 157 936 81 81 393
2033 159 159 902 82 82 394
2034 161 161 890 82 82 392
2035 163 163 892 83 83 392
2036 164 164 870 84 84 393
2037 166 166 866 85 85 396
2038 168 168 869 85 85 396
2039 170 170 872 86 86 397
2040 171 171 882 86 86 387

Flexible Resource Supply Forecast

Requirements by NERC and the WECC dictate the types of resources that can be used to serve the
reserve requirements.
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¢ 10-minute spinning reserve can only be provided by resources currently online and
synchronized to the transmission grid,

¢ 10-minute non-spinning reserve may be served by fast-start resources that are capable of
being online and synchronized to the transmission grid within ten minutes. Interruptible
load can only provide non-spinning reserve. Non-spinning reserve may be provided by
resources that are capable of providing spinning reserve.

¢ 30-minute regulation reserve can be provided by unused spinning or non-spinning
reserve. Incremental 30-minute ramping capability beyond the 10-minute capability
captured in the categories above also counts toward this requirement.

The resources that PacifiCorp employs to serve its reserve requirements include owned hydro
resources that have storage, owned thermal resources, and purchased power contracts that provide
reserve capability.

Hydro resources are generally deployed first to meet the spinning reserve requirements because of
their flexibility and their ability to respond quickly. The amount of reserve that these resources can
provide depends upon the difference between their expected capacities and their generation level
at the time. The hydro resources that PacifiCorp may use to cover reserve requirements in the
PacifiCorp West balancing authority area include its facilities on the Lewis River and the Klamath
River as well as contracted generation from the Mid-Columbia projects. In the PacifiCorp East
balancing authority area, PacifiCorp may use facilities on the Bear River to provide spinning
reserve.

Thermal resources are also used to meet the spinning reserve requirements when they are online.
The amount of reserve provided by these resources is determined by their ability to ramp up within
a 10-minute interval. For natural gas-fired thermal resources, the amount of reserve can be close
to the differences between their nameplate capacities and their minimum generation levels. In the
current IRP, PacifiCorp’s reserve are served not only from existing coal- and gas-fired resources,
but also from new gas-fired resources selected in the preferred portfolio.

Table F.11 lists the annual reserve capability from resources in PacifiCorp’s East and West
balancing authority areas.?’ All the resources included in the calculation are capable of providing
all types of reserve. The non-spinning reserve resources under third party contracts are excluded
in the calculations. The changes in the flexible resource supply reflect retirement of existing
resources, addition of new preferred portfolio resources, and variation in hydro capability due to
forecasted streamflow conditions, and expiration of contracts from the Mid-Columbia projects that
are reflected in the preferred portfolio.

20 Frequency response capability is a subset of the 10-minute capability shown. Battery resources are capable of
responding with their maximum output during a frequency event, and can provide an even greater response if they
were charging at the start of an event. PacifiCorp has sufficient frequency response capability at present and by 2024
the battery capacity added in the preferred portfolio will exceed of PacifiCorp’s current 202.8 MW frequency response
obligation for a 0.3 Hz event. As a result, compliance with the frequency response obligation is not anticipated to
require incremental supply.
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Table F.11 - Flexible Resource Supply Forecast (MW)

East Supply West Supply East Supply West Supply

Year (10-Minute) (10-Minute) (30-Minute) (30-Minute)
2021 705 268 1,455 525
2022 791 327 1,412 462
2023 863 375 1,521 429
2024 1,312 473 1,770 395
2025 1,625 515 2,325 368
2026 1,653 1,062 2,247 949
2027 1,662 1,086 2,232 939
2028 1,777 1,146 2,226 973
2029 2,316 1,167 2,398 921
2030 2,299 1,677 2,378 1,305
2031 3,006 1,705 3,055 1,319
2032 3,011 1,714 3,053 1,453
2033 3,667 1,720 3,830 1,480
2034 3,691 1,732 3,811 1,476
2035 3,714 1,760 3,784 1,465
2036 3,750 1,782 3,742 1,468
2037 4,610 2,465 4,418 2,039
2038 4,661 2,716 4,413 2,272
2039 4,510 2,715 4,246 2,256
2040 4,553 3,243 4,275 2,449

Figure F.12 and Figure F.13 graphically display the balances of reserve requirements and
capability of spinning reserve resources in PacifiCorp’s East and West balancing authority areas
respectively. The graphs demonstrate that PacifiCorp’s system has sufficient resources to serve its

reserve requirements throughout the IRP planning period.

149



PACIFICORP — 2021 IRP APPENDIX F — FLEXIBLE RESERVE STUDY

Figure F.12 - Comparison of Reserve Requirements and Resources, East Balancing
Authority Area (MW)
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Figure F.13 - Comparison of Reserve Requirements and Resources, West Balancing
Authority Area (MW)
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Flexible Resource Supply Planning

In actual operations, PacifiCorp has been able to serve its reserve requirements and has not
experienced any incidents where it was short of reserve. PacifiCorp manages its resources to meet
its reserve obligation in the same manner as meeting its load obligation — through long term
planning, market transactions, utilization of the transmission capability between the two balancing
authority areas, and operational activities that are performed on an economic basis.
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PacifiCorp and the California Independent System Operator Corporation implemented the energy
imbalance market (EIM) on November 1, 2014, and participation by other utilities has expanded
significantly with more participants scheduled for entry through 2022. By pooling variability in
load and resource output, EIM entities reduce the quantity of reserve required to meet flexibility
needs. Because variability across different BAAs may happen in opposite directions, the
uncertainty requirement for the entire EIM footprint can be less than the sum of individual BAAs’
requirements. This difference is known as the “diversity benefit” in the EIM. This diversity benefit
reflects offsetting variability and lower combined uncertainty. PacifiCorp’s regulation reserve
forecast includes a credit to account for the diversity benefits associated with its participation in
EIM.

As indicated in the OPUC order, electric vehicle technologies may be able to meet flexible resource
needs at some point in the future. However, the electric vehicle technology and market have not
developed sufficiently to provide data for the current study. Since this analysis shows no gap
between forecasted demand and supply of flexible resources over the IRP planning horizon, this
IRP does not evaluate whether electric vehicles could be used to meet future flexible resource
needs.
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APPENDIX G — PLANT WATER CONSUMPTION STUDY

The information provide in this appendix is for PacifiCorp owned plants. Total water consumption
and generation includes all owners for jointly-owned facilities.
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Table G.1 — Plant Water Consumption with Acre-Feet per Year

Acre-Feet Per Year

Net MWhs Per Year

4-year Average

Zero Cooling 4-year Gals/ | GPM/
Plant Name Discharge | Media 2016 2017 2018 2019 Average 2016 2017 2018 2019 2020 MWH | MW

Chehalis Air 48 54 33 63 49 1,462,659 1,758,799 1,741,969 2,431,536 2,407,519 9 0.1
Currant Creek Yes Air 124 116 110 101 113 1,513,522 1,193,242 2,418,275 2,917,279 2,335,426 18 0.3
Dave Johnston Water 8,864 8,231 8,325 8,485 8,476 5,088,505 4,519,908 4,800,371 4,686,381 4,325,604 579 9.6
Gadsby Water 262 100 205 281 212 120,903 92,814 59,682 134,182 133,410 678 11.3
Hunter Yes Water 14,225 15,383 14,751 15,808 15,042 8,161,219 8,582,142 8,293,966 8,681,784 7,988,203 581 9.7
Huntington Yes Water 9,189 9,653 9,804 9,028 9,418 5,503,890 5,399,777 5,087,824 4,897,541 4,515,305 588 9.8
Jim Bridger Yes Water 18,000 19,047 20,067 19,893 19,252 11,688,747 11,642,810 | 10,966,745 11,254,989 | 10,458,575 551 9.2
Lake Side Water 3,619 2,698 3,648 3,894 3,465 5,885,802 3,340,561 4,861,169 5,063,816 5,560,112 236 3.9
Naughton Yes Water 6,896 6,927 9,916 10,195 8,483 4,871,839 4,740,158 4,740,078 2,840,374 2,659,033 643 10.7
Wyodak Yes Air 329 332 319 292 318 2,054,311 2,565,053 2,254,203 1,852,094 1,732,784 48 0.8
TOTAL 61,557 62,541 67,178 68,040 64,829 46,351,397 | 43,835,264 | 45,224,282 | 44,759,976 | 42,115,971 472 7.9

Gadsby includes a mix of both Rankine steam units and Brayton peaking gas turbines.

1 acre-foot of water is equivalent to 325,851 Gallons or 43,560 Cubic Feet.
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Table G.2 — Plant Water Consumption by State (acre-feet)

UTAH PLANTS
Plant Name 2013 2014 2015 2016 2017 2018 2019
Currant Creek 84 92 78 124 116 110 101
Gadsby 610 367 1,022 262 100 205 281
Hunter 17,001 16,662 16,386 14,225 15,383 14,751 15,808
Huntington 10,643 10,240 9,888 9,189 9,653 9,804 9,028
Lake Side 1,361 2,960 4,533 3,619 2,698 3,648 3,894
TOTAL 29,699 30,320 31,906 27,419 27,950 28,518 29,112
Percent of total water consumption = 42.9%
WYOMING PLANTS
Plant Name 2013 2014 2015 2016 2017 2018 2019
Dave Johnston 8,941 9,474 9,736 8,864 8,231 8,325 8,485
Jim Bridger 25,059 23,936 22,493 18,000 19,047 20,067 19,893
Naughton 9,622 7,484 9,160 6,896 6,927 9,916 10,195
Wyodak 319 332 228 329 332 319 292
TOTAL 43,941 41,225 41,617 34,090 34,537 38,627 38,865
Percent of total water consumption = 57.1%
Table G.3 — Plant Water Consumption by Fuel Type (acre-feet)
COAL FIRED PLANTS
Plant Name 2013 2014 2015 2016 2017 2018 2019
Dave Johnston 8,941 9,474 9,736 8,864 7,721 8,941 9,474
Hunter 17,001 16,662 16,386 14,225 18,266 17,001 16,662
Huntington 10,643 10,240 9,888 9,189 10,423 10,643 10,240
Jim Bridger 25,059 23,936 22,493 18,000 23,977 25,059 23,936
Naughton 9,622 7,484 9,160 6,896 8,745 9,622 7,484
Wyodak 319 332 228 329 322 319 332
TOTAL 71,585 68,127 67,891 57,504 69,454 71,585 68,127
Percent of total water consumption = 94.7%
NATURAL GAS FIRED PLANTS
Plant Name 2013 2014 2015 2016 2017 2018 2019
Currant Creek 84 92 78 124 116 110 101
Chehalis 86 150 93 48 54 33 63
Gadsby 610 367 1,022 262 100 205 281
Lake Side 1,361 2,960 4,533 3,619 2,698 3,648 3,894
TOTAL 2,141 3,568 5,725 4,053 2,968 3,996 4,339
Percent of total water consumption = 5.3%
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Table G.4 — Plant Water Consumption for Plants Located in the Upper Colorado River Basin
(acre-feet)

Plant Name 2013 2014 2015 2016 2017 2018 2019
Hunter 17,001 16,662 16,386 14,225 [15,383 | 14,751 |15,808
Huntington 10,643 10,240 9,888 9,189 | 9,653 | 9,804 | 9,028
Naughton 9,622 7,484 9,160 6,896 | 6,927 | 9916 |10,195
Jim Bridger 25,059 23,936 22,493 18,000 |19,047 |20,067 |19,893

TOTAL 62,325 58,322 57,927 48,311 | 51,010 | 54,537 | 54,924
Percent of total water consumption = 81.1%
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APPENDIX H — STOCHASTIC PARAMETERS

Introduction

For the 2021 IRP, PacifiCorp updated and re-estimated the stochastic parameters provided in the
2019 IRP for use in the development of the 2021 IRP preferred portfolio.

Plexos, as used by PacifiCorp, develops portfolio cost scenarios via computational finance in
concert with production simulation. The model stochastically shocks the case-specific underlying
electricity price forecast as well as the corresponding case-specific key drivers (e.g., natural gas,
loads, and hydro) and dispatches accordingly. Using exogenously calculated parameters (i.e.,
volatilities, mean reversions, and correlations), Plexos develops scenarios that bracket the
uncertainty surrounding a driver; statistical sampling techniques are then employed to limit the
number of representative scenarios to 50. The stochastic model used in Plexos is a two-factor
(short- and long-run) mean reverting model.

PacifiCorp used short-run stochastic parameters for this Integrated Resource Plan (IRP); long-run
parameters were set to zero since Plexos cannot re-optimize its capacity expansion plan. This
inability to re-optimize or add capacity can create a problem when dispatching to meet extreme
load and/or fuel price excursions, as often seen in long-term stochastic modeling. Such extreme
out-year price and load excursions can influence portfolio costs disproportionately while not
reflecting plausible outcome. Thus, since long-term volatility is the year-on-year growth rate, only
the expected yearly price and/or load growth is simulated over the forecast horizon'.

Key drivers that significantly affect the determination of prices tend to fall into two categories:
loads and fuels. Targeting only key variables from each category simplifies the analysis while
effectively capturing sensitivities on a larger number of individual variables. For instance, load
uncertainty can encompass the sensitivities of weather, transmission availability, unit outages, and
evolving end-uses. Depending on the region, fuel price uncertainty (especially natural gas) can
encompass the sensitivities of weather, load growth, emissions, and hydro availability. The
following sections summarize the development of stochastic process parameters and describe how
these uncertain variables evolve over time.

Overview

Long-term planning demands specification of how important variables behave over time. For the
case of PacifiCorp's long-term planning, important variables include natural gas and electricity
prices, regional loads, and regional hydro generation. Modeling these variables involves not only
a description of their expected value over time as with a traditional forecast, but also a description
of the spread of possible future values. The following sections summarize the development of
stochastic process parameters to describe how these uncertain variables evolve over time?.

! Mean reversion is assumed to be zero in the long run.

2 A stochastic or random process is the counterpart to a deterministic process. Instead of dealing with only one
possible reality of how the variables might evolve over time, there is some indeterminacy in the future evolution
described by probability distributions.
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Volatility

The standard deviation®(c) is a measure of how widely values are dispersed from the average
value:

where u is the average value of the observations {xI, x2,...,xn}, and n is the number of
observations.

Volatility (o7) incorporates a time component so a variable with constant volatility has a larger
spread of possible outcomes two years in the future than one year in the future:

O'T=O'\/T

Volatilities are typically quoted on an annual basis but can be specified for any desired time period
(T). Suppose the annual volatility of load is two percent. This implies that the standard deviation
of the range of possible loads a year from now is two percent, while the standard deviation four
years from now is four percent.

Mean Reversion

If volatility was constant over the forecast period, then the standard deviation would increase
linearly with the square root of time. This is described as a "Random Walk" process and often
provides a reasonable assumption for long-term uncertainty. However, for energy commodities as
well as many other variables in the short-term, this is not typically the case. Excepting seasonal
effects, the standard deviation increases less quickly with longer forecast time. This is called a
mean reverting process - variable outcomes tend to revert back towards a long-term mean after
experiencing a shock.

3 "Standard Deviation" and "Variance" are standard statistical terms describing the spread of possible outcomes. The
Variance equals the Standard Deviation squared.
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Figure H.1 — Stochastic Processes
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For a random walk process, the distribution of possible future outcomes continues to increase
indefinitely, while for a mean reverting process, the distribution of possible outcomes reaches a
steady-state. Actual observed outcomes will continue to vary within the distribution, but the
distribution across all possible outcomes does not increase:

Figure H.2 — Random Walk Price Process and Mean Reverting Process
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The volatility and mean reversion rate parameters combine to provide a compact description of the
distribution of possible variable outcomes over time. The volatility describes the size of a typical
shock or deviation for a particular variable and the mean reversion rate describes how quickly the
variable moves back toward the long-run mean after experiencing a shock.
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Estimating Short-term Process Parameters

Short-term uncertainty can best be described as a mean reverting process. The factors that drive
uncertainty in the short-term are generally short-lived, decaying back to long-run average levels.
Short-term uncertainty is mainly driven by weather (temperature, windiness, rainfall) but can also
be driven by short-term economic factors, congestion, outages, etc. The process for estimating
short-term uncertainty parameters is similar for most variables of interest. However, each of
PacifiCorp's variables have characteristics that make their processes slightly different. The process
for estimating short-term uncertainty parameters is described in detail below for the most
straightforward variable — natural gas prices. Each of the other variables is then discussed in terms
of how they differ from the standard natural gas price parameter estimation process.

Stochastic Process Description

The first step in developing process parameter estimates for any uncertain variable is to determine
the form of the distribution and time step for uncertainty. In the case of natural gas, and for prices
in general, the lognormal distribution is a good representation of possible future outcomes. A
lognormal distribution is a continuous probability distribution of a random variable whose
logarithm is normally distributed*. The lognormal distribution is often used to describe prices
because it is bounded on the bottom by zero and has a long, asymmetric "tail" reflecting the
possibility that prices could be significantly higher than the average:

Figure H.3 — Lognormal Distribution and Cumulative Lognormal Distribution
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The time step for calculating uncertainty parameters depends on how quickly a variable can
experience a significant change. Natural gas prices can change substantially from day-to-day and
are reported on a daily basis, so the time step for analysis will be one day.

4 A normal distribution is the most common continuous distribution represented by a bell-shaped curve that is
symmetrical about the mean, or average, value.
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All short-term parameters were calculated on a seasonal basis to reflect the different dynamics
present during different seasons of the year. For instance, the volatility of gas prices is higher in
the winter and lower in the spring and summer. Seasons were defined as follows:

Table H.1 - Seasonal Definitions

Winter December, January, and February
Spring March, April, and May

Summer June, July, and August

Fall September, October, and November

Data Development

Basic Data Set:

The natural gas price data was organized into a consistent dataset with one natural gas price for
each gas delivery point reported for each delivery day. The data was checked to make sure that
there were no missing or duplicate dates. If no price is reported for a particular date, the date is
included but left blank to maintain a consistent 24-hour time step between all observed prices.
Four years of daily data from 2016 to 2019 was used for this short-term parameter analysis. The
following chart shows the resulting data set for the Sumas gas basin:

Figure H.4 — Daily Gas Prices for SUMAS Basin, 2016-2019

Development of Price Index:

Uncertainty parameters are estimated by looking at the movement, or deviation, in prices from one
day to the next. However, some of this movement is due to expected factors, not uncertainty. For
instance, gas prices are expected to be higher during winter or as we move toward winter. This
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expectation is already included in the gas price forecast and should not be considered a shock, or
random event. In order to capture only the random or uncertain portion of price movements, a price
index is developed that takes into account the expected portion of price movements. Three
categories of price expectations are calculated:

Seasonal Median: The level of gas prices may be different from one year to the next. While
this can be attributed to random movements or shocks in the gas markets, it is not a short-
term event and should not be included in the short-term uncertainty process. In order to
account for this possible difference in the level of gas prices, the median gas price for each
season and year is calculated. For example, Sumas prices in the winter of 2016 average
$2.21/MMBtu.

Monthly Median: Within a season, there are different expected prices by month. For
instance, within the fall season, November gas prices are expected to be much higher than
September and October prices as winter is just around the corner. A monthly factor
representing the ratio of monthly prices to the seasonal median price is calculated. For
example, February prices in Sumas are 79 percent of the winter median price.

Weekly Shape: Many variables exhibit a distinct shape across the week. For instance, loads
and electricity prices are higher during the middle of the week and lower on the weekends.
The expected shape of gas prices across the week was calculated and found to be
insignificant (expected variation by weekday did not exceed two percent of the weekly
average).

These three components — seasonal median, monthly shape, and weekly shape — combine to form
an expected price for each day. For example, the expected price of gas in Sumas on February 1,
2016 was $1.75/MMBtu, the product of the seasonal median and the monthly shape factor

Expected Gas Price = Seasonal Median. Price x Monthly Shape within the Season

The following chart shows the comparison of the actual Sumas prices with the "expected" prices:
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Figure H.5 — Daily Gas Prices for SUMAS Basin with "expected" prices, 2016-2019

Dividing the actual gas prices by the expected prices forms a price index with a median of one.
This index, illustrated by the chart below, captures only the random component of price
movements—the portion not explained by expected seasonal, monthly, and weekly shape.
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Figure H.6 — Gas Price Index for SUMAS Basin, 2016-2019

Parameter Estimation — Autoregressive Model

Uncertainty parameters are calculated for each variable by regressing the movement of each
region’s price index compared to the previous day's index.

Step 1 - Calculate Log Deviation of Price Index

Since gas prices are lognormally distributed, the regression analysis is performed on the natural
log of prices and their log deviations. The log deviations are simply the differences between the
natural log of one day's price index and the natural log of the previous day's price index.

Step 2 - Perform Regression

The log deviations of price index are regressed against the previous day's logarithm of price index
for each season as well as for the entire data set. The following chart shows the log of the price
index versus the log deviations for Sumas gas for all seasons and the resulting regression equation:
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Figure H.7 — Regression for SUMAS Gas Basin

Step 3 - Interpret the Results

The INTERCEPT of the regression represents the log of the long-run mean. So in this case, the
intercept is approximately zero, implying that the long-run mean is equal to one. This is consistent
with the way in which the price index is formulated.

The SLOPE of the regression is related to the auto correlation and mean reversion rate:

auto correlation = @ = 1 + slope
Mean Reversion Rate a = —In(@)

The autocorrelation measures how much of the price shock from the previous time period remains
in the next time period. For instance, if the autocorrelation is 0.4 and gas prices yesterday
experienced a 10 percent jump over the norm, today's expected price would be 4 percent higher
than normal. In addition, today's gas price will experience a shock today that may result in prices
higher or lower than this expectation. The mean reversion rate expresses the same thing in a
different manner. The higher the mean reversion rate, the faster prices revert to the long-run mean.

The last component of the regression analysis is the STANDARD ERROR or STEYX. This measures
the portion of the price movements not explained by mean reversion and is the estimate of the
variable's volatility.

Both the mean reversion rate and volatility calculated with this process are daily parameters and
can be applied directly to daily movements in gas prices.

Step 4 - Results
The natural gas price parameters derived through this process are reported in the table below.
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Table H.2 - Uncertainty Parameters for Natural Gas

Winter Spring Summer Fall
KERN OPAL
Daily Volatility 11.48% 9.05% 9.91% 10.07%
Daily Mean Reversion Rate 0.061 0.160 0.503 0.046
SUMAS
Daily Volatility 16.65% 20.30% 13.06% 17.14%
Daily Mean Reversion Rate 0.031 0.140 0.287 0.022

Electricity Price Process

For the most part, electricity prices behave very similarly to natural gas prices. The lognormal
distribution is generally a good assumption for electricity. While electricity prices do occasionally
go below zero, this is not common enough to be worth using the Normal distribution assumption,
and the distribution of electricity prices is often skewed upwards. In fact, even the lognormal
assumption is sometimes inadequate for capturing the tail of the electricity price distribution.
Similar to gas prices, electricity price can experience substantial change from one day to the next,
so a daily time step should be used.

Basic Data Set:

The electricity price data was organized into a consistent dataset with one price for each region
reported for each delivery day, similar to gas prices. The data covers the 2016 through 2019 time
period. However, electricity prices are reported for "High Load Level" periods (16 hours for six
days a week) and "Low Load Level" periods (eight hours for six days a week and 24 hours on
Sunday & NERC holidays). In order to have a consistent price definition, a composite price,
calculated based on 16 hours of peak and eight hours of off-peak prices, is used for Monday
through Saturday. The Low Load Level price was used for Sundays since that already reflects the
24 hour price. Missing and duplicate data is handled in a fashion similar to gas prices. Illiquid
delivery point prices are filled using liquid hub prices as reference. Mid-C is the most liquid market
in PACW, so missing prices for COB are filled using the latest available spread between COB and
Mid-C markets. Similarly, Four Corner prices are filled using Palo Verde prices.

Development of Price Index:

As with gas prices, an electricity price index was developed which accounts for the expected
components of price movements. The "expected" electricity price incorporates all three possible
adjustments: seasonal median, monthly shape and weekly shape. For instance, the expected price
for January 2, 2016 in the Four Corners region was $20.45/megawatt hours (MWh). This price
incorporates the 2016 winter median price of $20.33/MWh times the monthly shape factor for
January of 99 percent and the weekday index for Saturday of 101 percent. The following chart
shows the Four Corners actual and expected electricity prices over the analysis time period.
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Figure H.8 — Daily Electricity Prices for Four Corners, 2016-2019

Electricity Price Uncertainty Parameters
Uncertainty parameters are calculated for each electric region, similar to the process for gas prices.
The electricity price parameters derived through this process are reported in the table below.

Table H.3 - Uncertainty Parameters for Electricity Regions

Winter Spring Summer Fall

Four Corners

Daily Volatility 13.22% 17.19% 21.99% 17.41%

Daily Mean Reversion Rate 0.089 0.180 0.312 0.197
CA-OR Border

Daily Volatility 16.31% 28.78% 33.94% 17.32%

Daily Mean Reversion Rate 0.070 0.258 0.395 0.178
Mid-Columbia

Daily Volatility 19.81% 63.03% 25.97% 16.00%

Daily Mean Reversion Rate 0.090 0.461 0.196 0.120
Palo Verde

Daily Volatility 12.11% 13.81% 20.17% 15.02%

Daily Mean Reversion Rate 0.086 0.151 0.146 0.163

Regional Load Process

There are only two significant differences between the uncertainty analysis for regional loads and
natural gas prices. The distribution of daily loads is somewhat better represented by a normal
distribution rather than a lognormal distribution, and, similar to electricity prices, loads have a
significant expected shape across the week. The chart below shows the distribution of historical
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load outcomes for the Portland area as well as normal and lognormal distribution functions
representing load possibilities. Both distributions do a reasonable job of representing the spread of
possible load outcomes, but the tail of the lognormal distribution implies the possibility of higher
loads than is supported by the historical data.

Figure H.9 — Probability Distribution for Portland Load, 2016-2019

Development of Load Index:

As with electricity prices, a load index was developed which accounts for the expected components
of load movements, incorporating all three possible adjustments. For instance, the expected load
for January 2, 2016 in Portland was 276 megawatts (MW). This load incorporates the 2016 winter
average load of 286 MW times the monthly shape factor for January of 102 percent and the
weekday index for Saturday also of 94 percent. The following chart shows the Portland actual and
expected loads over the analysis time period.
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Figure H.10 — Daily Average Load for Portland, 2016-2019

Load Uncertainty Parameters:

Uncertainty parameters are calculated for each load region, similar to the process for gas and
electricity prices. Since loads are modeled as normally, rather than log-normally distributed,

deviations are simply calculated as the difference between the load index and the previous day's
index.

The uncertainty parameters for regional loads derived through this process are reported in the table
below.
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Table H.4 - Uncertainty Parameters for Load Regions
Winter Spring | Summer Fall

California
Daily Volatility 4.8% 4.4% 3.8% 4.5%
Daily Mean Reversion Rate 0.208 0.193 0.223 0.238

Idaho
Daily Volatility 3.6% 6.4% 5.3% 4.2%
Daily Mean Reversion Rate 0.179 0.271 0.135 0.184
Portland
Daily Volatility 3.8% 3.5% 5.5% 3.6%
Daily Mean Reversion Rate 0.157 0.225 0.258 0.285
Oregon Other
Daily Volatility 4.4% 3.6% 4.1% 4.0%
Daily Mean Reversion Rate 0.152 0.249 0.190 0.294

Utah
Daily Volatility 2.3% 3.0% 4.7% 3.2%
Daily Mean Reversion Rate 0.278 0.535 0.296 0.203
Washington
Daily Volatility 5.0% 3.9% 5.0% 4.1%
Daily Mean Reversion Rate 0.149 0.179 0.191 0.226
Wyoming
Daily Volatility 1.6% 1.8% 1.7% 1.7%

Daily Mean Reversion Rate 0.226 0.270 0.224 0.232

Hydro Generation Process

There are two differences between the uncertainty analysis for hydro generation and natural gas
prices. Hydro generation varies on a slower time frame than other variables analyzed. As such,
median hydro generation is calculated and analyzed on a weekly, rather than daily, basis.
Generation is calculated as the median hourly generation across the 168 hours in a week. The
hydro analysis covers the 2015 through 2019 time period.

Development of Hydro Index:

A hydro generation index was developed which accounts for the expected components of hydro
movements, incorporating seasonal and monthly adjustments. For instance, the expected hydro
generation for the week of January 1, 2015 through January 7, 2015 in the Western Region was
641 MW. This generation incorporates the 2015 winter median generation of 594 MW times the
monthly shape factor for January of 108 percent. The following chart shows the western hydro
actual and expected generation over the analysis time period.
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Figure H.11 — Weekly Average Hydro Generation in the West, 2015-2019

Hydro Generation Uncertainty Parameters:

Uncertainty parameters are calculated for each hydro region, similar to the process for gas and
electricity prices. The uncertainty parameters for hydro generation derived through this process
are reported in the table below.

Table H.S - Uncertainty Parameters for Hydro Generation

Winter Spring Summer Fall
Weekly Volatility 27.40% 18.91% 20.97% 29.81%
Weekly Mean Reversion Rate 0.72 0.43 1.15 0.37

Short-term Correlation Estimation

Correlation is a measure of how much the random component of variables tend to move together.
After the uncertainty analysis has been performed, the process for estimating correlations is
relatively straight-forward.

Step 1 - Calculate Residual Errors

Calculate the residual errors of the regression analysis for all of the variables. The residual error
represents the random portion of the deviation not explained by mean reversion. It is calculated
for each time period as the difference between the actual value and the value predicted by the linear
regression equation:

Error = Actual Deviation — (Slope * Previous Deviation + Intercept)
All of the residual errors are compiled by delivery date.
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Step 2 - Calculate Correlations
Correlate the residual errors of each pair of variables:

Z?[(xi - xavg.) * (yi - yavg.)]

\/Z?(xi - xavg.)z * Z?(yi - yavg.)z

Correlation(X,Y) =

There are a few things to note about the correlation calculations. First, correlation data must always
be organized so that the same time period is being compared for both variables. For instance,
weekly hydro deviations cannot be compared to daily gas price deviations. Thus, a daily regression
analysis was performed for the hydro variables.

Also, note that what is being correlated are the residual errors of the regression — only the uncertain
portion of the variable movements. Variables may exhibit similar expected shapes — both loads
and electricity prices are higher during the week than on the weekend. This coincidence is captured
in the expected weekly shapes input into the planning model. The correlation calculated here
captures the extent to which the shocks experienced by two different variables tend to have similar
direction and magnitude. The resulting short-term correlations by season are reported below.

Table H.6 - Short-term Winter Correlations
SHORT-TERM WINTER CORRELATIONS

K-O SUMAS 4C coB Mid-C PV CA ID Portland OR Other  UT WA WY Hydro
K-Of 100% 34% 41% 38% 32% 49% 10% 2% 17% 16% 17% 20% 3% -1%
SUMAS|  34% 100% 24% 30% 29% 25% 13% 13% 12% 12% 15% 19% 9% -2%
4C| 41% 24% 100% 62% 54% 79% 16% -8% 17% 20% 23% 25% 5% -3%
COB| 38% 30% 62% 100% 76% 59% 17% -5% 21% 25% 23% 33% 8% 4%
Mid-C| 32% 29% 54% 76% 100% 56% 15% 0% 26% 32% 21% 36% 9% 6%
PV| 49% 25% 79% 59% 56% 100% 13% -8% 11% 15% 16% -4%
CA| 10% 13% 16% 17% 15% 13% 2%
ID| 2% 13% -8% -5% 0% -8% -5%

-6%
8%

-5%
13%
-3%

Portland| 17% 12% 17% 21% 26% 11%
OR Other| 16% 12% 20% 25% 32% 15%
uT| 17% 15% 23% 23% 21% 16%

WA[ 20% 19% 25% 33% 36% 19%

WY| 3% 9% 5% 8% 9% 6%
Hydro| -1% -2% -3% 4% 6% -4% 2% -5% -6% 8% -5% 13% -3%

Deviation events that impact one part of PacifiCorp’s system do not necessarily affect other parts
of the system, due to its geographic diversity and transmission constraints. The correlation between
these different deviations can be low if the deviations are caused by different drivers. An example
from the winter season is the negative five percent correlation between the Southeast Idaho load
area, which is driven by weather events in PacifiCorp’s PACE balancing area, and Hydro, which
is predominantly driven by weather events in PacifiCorp’s PACW balancing area, the unit
commitment stack and unplanned unit outages.
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Table H.7 - Short-term Spring Correlations
SHORT-TERM SPRING CORRELATIONS

K-O SUMAS 4C COB Mid-C PV CA ID Portland OR Other  UT WA WY Hydro
K-Of 100% 56% 20% 14% 10% 22% 7% 7% 13% 14% 12% 13% 9% 1%
SUMAS| 56% 100% 19% 21% 17% 10% 1% 6% 12% 13% 10% 17% 8% -6%

4C| 20% 19% 100% 34% 42% 63% 8% 11% 27% 21% 22% 23% 18% 1%

COB| 14% 21% 34% 100% 64% 33% 14% 1% 28% 24% 13% 31% 14% 9%

Mid-C| 10% 17% 42% 64% 100% 28% 12% 3% 21% 15% 8% 27% 11% 8%
PV| 22% 10% 63% 33% 28% 100% 13% 21% 17% 24%

CAl 7% 1% 8% 14% 12% 10%

ID[ 7% 6% 11% 1% 3% 13%

Portland| 13% 12% 27% 28% 21% 21%

OR Other| 14% 13% 21% 24% 15% 17%

ut| 12% 10% 22% 13% 8% 24%

WA| 13% 17% 23% 31% 27% 23%

WY| 9% 8% 18% 14% 11% 16%

Hydro| 1% -6% 1% 9% 8% -1%

Similarly, the spring season shows a very low correlation of 12 percent between the Northern
California and Wyoming loads, which are driven by different local weather deviations and
different customer types. Wyoming loads are mostly driven by large industrial customers, whose
loads are relatively flat across the year.

Table H.8 - Short-term Summer Correlations
SHORT-TERM SUMMER CORRELATIONS

K-O SUMAS 4C COB Mid-C PV CA ID Portland OR Other  UT WA WY Hydro
K-O| 100% 67% 7% 16% 12% 6% 1% 5% 4% 0% 0%
SUMAS|  67% 100% 4% 10% 8% 0% -12% -4% 2% -3% -3% 2% -1% 3%
4C 7% 4% 100% 22% 23% 44% 25% 13% 23% 28% 29% 23% 17% -8%

14% 7% 37% 31% 10% 27% 6% 5%

8% 48% 41% 12%

COB| 16% 10% 22% 100% 80% 45%
Mid-C[ 12% 8% 23% 80% 100% 54%

PV| 6% 0% 44% 45% 54% 100% 16% 34% 33% 27%
CAl -2% -12% 25% 14% 21% 27%
ID[ 1% -4% 13% 7% 8% 16%
Portland| 5% 2% 23% 37% 48% 34%
OR Other| 4% -3% 28% 31% 41% 33%
ut| 0% -3% 29% 10% 12% 27%
WA| 9% 2% 23% 27% 30% 26%
WyY| 0% -1% 17% 6% 2% 16%
Hydro| 0% 3% -8% 5% 1% 0%

In the summer season, six correlation has been observed between the deviations of Kern-Opal gas
prices and Palo Verde power prices. Palo Verde prices are driven by a resource mix of southwest
nuclear operations and gas unit dispatch based off SoCal gas prices. The operations of gas storage
facilities and physical planned and unplanned maintenance of Kern-Opal and SoCal pipelines are
independent of each other.
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Table H.9 - Short-term Fall Correlations
SHORT-TERM FALL CORRELATIONS

K-O SUMAS 4C COB Mid-C PV CA ID Portland OR Other  UT WA WY Hydro
K-Of 100% 36% 21% 25% 23% 17% 19% 3% 7% 18% 7% 11% 6% -11%
SUMAS|  36% 100% 13% 20% 23% 16% 16% -4% 10% 17% 5% 6% 6% -13%
4C[ 21% 13% 100% 29% 28% 61% 14% 5% 16% 12% 23% 13% 7% -6%
COB| 25% 20% 29% 100% 60% 40% 21% 3% 26% 24% 19% 23% 13% -13%
Mid-C| 23% 23% 28% 60% 100% 43% 22% 6% 29% 30% 18% 29% 9% -7%
PV 17% 16% 61% 40% 43% 100% 5% 17% 8%
CA| 19% 16% 14% 21% 22% 10%

ID[ 3% -4% 5% 3% 6% 5%
Portland| 7% 10% 16% 26% 29% 17%
OR Other| 18% 17% 12% 24% 30% 8%

ut| 7% 5% 23% 19% 18% 18%
WA| 11% 6% 13% 23% 29% 10%
WY| 6% 6% 7% 13% 9% 10%

Hydro| -11% -13% -6% -13% 7% 0%

In the fall, a low correlation of nine percent has been observed between Mid-C market price
deviations and Wyoming load deviations. Market deviations are due to deviations in northwest
weather patterns and resource mix while Wyoming loads are mostly dictated by planned or
unplanned outages of industrial customer class.
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APPENDIX I — CAPACITY EXPANSION RESULTS

Portfolio-Development Cases Quick Reference Guide

This appendix provides a reference guide to portfolio capacity expansion results for each portfolio in the 2021
IRP. Capacity expansion result information is further described in Volume I, Chapter 8 — Modeling and Portfolio
Evaluation Approach and Volume I, Chapter 9 — Modeling and Portfolio Selection Results.

Table 1.1 —Preferred Portfolio

Risk-
o e Adjusted . . Private
Case Description PVRR Price-Policy Load Gen
($m)
P02-MM-CETA | F02MM (top-performing portfolio) with WA=} ¢ 55 Med Gas, Med CO, Base Base
situs resources relative to CETA requirements.
Table 1.2 — Initial Portfolios
Risk-
o Adjusted . . Private
Case Description PVRR Price-Policy Load Gen
($m)
P02-LN Existing coal and Jlew proxy resources $22,224 Low Gas, No CO, Base Base
optimized
P02-MN Existing coal and new proxy resources $22,228 Med Gas, No CO; Base Base
optimized
P02-MM Existing coal and [Niew proxy resources $26,151 Med Gas, Med CO, Base Base
optimized
P02-HH Existing coal and Jlew proxy resources $27,965 High Gas, High CO, Base Base
optimized
P02-SCGHG Existing coal and [lew proxy resources $39,290 Med Gas, Social Cost of Greenhouse Gas Base Base
optimized
PO3-LN Existing coal retired by 2 0.30’ New proxy $24,744 Low Gas, No CO, Base Base
resources optimized
PO3-MN Existing coal retired by 2030, new proxy $25.752 Med Gas, No CO, Base Base
resources optimized
P03-MM Existing coal retired by 2 0.30’ new proxy $27,848 Med Gas, Med CO, Base Base
resources optimized
PO3-HH Existing coal retired by 2030, new proxy $29,002 High Gas, High CO, Base Base
resources optimized
P03-SCGHG Existing coal retired by .20.30’ New proxy $39,112 Med Gas, Social Cost of Greenhouse Gas Base Base
resources optimized
BAUIL-LN Busmess-agusual scenario - existing cqal'retlres $22.635 Low Gas, No CO, Base Base
end-of-life, new proxy resources optimized
BAUI-MN Busmess-agusual scenario - existing cqalirenres $22.649 Med Gas, No CO, Base Base
end-of-life, new proxy resources optimized
BAUI-MM Busmess-ag-usual scenario - existing cqal retires $27.172 Med Gas, Med CO, Base Base
end-of-life, new proxy resources optimized
BAUI-HH Busmess-agusual scenario - existing cqal'renres $29.776 High Gas, High CO» Base Base
end-of-life, new proxy resources optimized
BAUI1-SCGHG Business-as-usual scenario - existing coal retires $41,393 Med Gas, Social Cost of Greenhouse Gas Base Base
end-of-life, new proxy resources optimized
BAU2-LN Busme.ss—as—usual scenario - existing c0a¥ 2919 $22.707 Low Gas, No CO, Base Base
IRP retirements, new proxy resources optimized
BAU2-MN Busme.ss-as-usual scenario - existing coa@ 2919 $22.674 Med Gas, No CO, Base Base
IRP retirements, new proxy resources optimized
BAU2-MM Busme‘ss-as-usual scenario - existing coa? 2919 $27.026 Med Gas, Med CO, Base Base
IRP retirements, new proxy resources optimized
BAU2-HH Busme.ss—as—usual scenario - existing c0a¥ ZQl9 $29356 High Gas, High CO, Base Base
IRP retirements, new proxy resources optimized
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Business-as-usual scenario - existing coal 2019

BAU2-SCGHG . L $41,196 Med Gas, Social Cost of Greenhouse Gas Base Base
IRP retirements, new proxy resources optimized
Table 1.3 — P02 Variant Portfolios
Risk-
. . Adjusted . . Private
Case Description PVRR Price-Policy Load Gen
($m)
Variant of P02-MM (top-performing portfolio)
P02a-JB 1-2 No excludes gas conversion of Jim Bridger Units 1 $26.620 Med Gas, Med CO, Base Base
GC and 2
Variant of P02-MM (top-performing portfolio)
P02b-No B2H excludes Boardman-to-Hemingway $26,605 Med Gas, Med CO, Base Base
transmission segment
Variant of P02-MM (top-performing portfolio)
P02¢-No GWS excludes the Energy Gateway South $26.439 Med Gas, Med CO, Base Base
transmission segment
Variant of P02-MM (top-performing portfolio)
excludes the 2020 All-Source Request for
P02d-No RFP Proposals Final Shortlist and the Energy $27,445 Med Gas, Med CO» Base Base
Gateway South transmission segment
Variant of P02-MM (top-performing portfolio)
. ™
P02e-No Nuc excludes the Natrlum_ advz_mced nuclear $26,309 Med Gas, Med CO, Base Base
demonstration project
Variant of P02-MM (top-performing portfolio)
P02f-No Nau 25 excludes the early re?;eﬁezn t of Naughton Units $26,217 Med Gas, Med CO, Base Base
Variant of P02-MM (top-performing portfolio)
includes Carbon Capture Utilization and
P02g-CCUS Sequestration (CCUS) retrofit of Dave Johnston $26,387 Med Gas, Med CO, Base Base
Unit 4
Variant of P02-MM (top-performing portfolio)
P02h-JB 3-4 includes early retirement of Jim Bridger Units 3
Retire and 4 in response to stakeholder feedback $26,212 Med Gas, Med CO, Base Base
Table 1.4 — Washington Clean Energy Transmission Act (CETA) Required Scenarios
Risk-
o . Adjusted . . Private
Case Description PVRR Price-Policy Load Gen
(8m)
. Describes the alternative lowest reasonable cost
Alternative nd reasonably available portfolio that that
Lowest a 1dh yav ; P Frot for th $26,497 Med Gas, Med CO, Base Base
Reasonable Cost would ave been imp ementefi if not for the
requirement to comply with CETA.
Climate Change A scenario that assecs}slziél;e impacts of climate $40,876 Med Gas, Med CO, Base Base
Maximum . ..
Customer A sceparlo thalt mgx1mlze§ cust(;lmer benefits $43,282 Med Gas, Med CO, Base Base
Benefit prior to balancing against other goals.
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Portfolio: Initial Portfolio P02-MM-CETA

Preferred Portfolio Fact Sheet

PORTFOLIO ASSUMPTIONS

Description
The preferred portfolio P02-MM-CETA, is based on P02-MM,

the top-performing portfolio and includes Washington-situs
resources relative to requirements of Washington’s Clean
Energy Transformation Act (CETA).

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,315
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as cumulative nameplate
capacity, are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02-MM-CETA are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion
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Portfolio: Initial Portfolios (P02-LN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P02 is a set of initial portfolios where existing coal and new

proxy resources are optimized. P02 initial portfolios were
developed under each of the five price-policy scenarios. This
portfolio fact sheet presents high-level information for PO2-LN,
the portfolio developed under a low gas / no CO, price-policy
assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,224
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as cumulative nameplate
capacity, are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for PO2-LN are summarized in

the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036

Jim Bridger 1

GC 2023, Retire 2037

Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (P02-MN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description

P02 is a set of initial portfolios where existing coal and new
proxy resources are optimized. P02 initial portfolios were
developed under each of the five price-policy scenarios. This
portfolio fact sheet presents high-level information for P02-
MN, the portfolio developed under a medium gas / no CO»

price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,228
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,

are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02-MN are summarized

in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036

Jim Bridger 1

GC 2023, Retire 2037

Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion
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Portfolio: Initial Portfolios (P02-MM)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P02 is a set of initial portfolios where existing coal and new

proxy resources are optimized. P02 initial portfolios were
developed under each of the five price-policy scenarios. This
portfolio fact sheet presents high-level information for P02-
MM, the portfolio developed under a medium gas / medium
CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,151
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02-MM are summarized

in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036

Jim Bridger 1

GC 2023, Retire 2037

Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (P02-HH)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P02 is a set of initial portfolios where existing coal and new

proxy resources are optimized. P02 initial portfolios were
developed under each of the five price-policy scenarios. This
portfolio fact sheet presents high-level information for P02-
HH, the portfolio developed under a high gas / high CO» price-
policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $27,965
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02-HH are summarized in

the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 CCUS 2026
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2031
Huntington 2 Retire 2032
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 CCUS 2026
Jim Bridger 4 CCUS 2026
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak CCUS 2026

CCUS = carbon capture and sequestration

GC = gas conversion
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Portfolio: Initial Portfolios (P02-SCGHG)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P02 is a set of initial portfolios where existing coal and new

proxy resources are optimized. P02 initial portfolios were
developed under each of the five price-policy scenarios. This
portfolio fact sheet presents high-level information for P02-
SCGHG, the portfolio developed under a medium gas / social
cost of greenhouse gas price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $39,290
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02-SCGHG are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2025
Jim Bridger 4 Retire 2030
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2031

GC = gas conversion




Portfolio: Initial Portfolios (P03-LN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P03 is a set of initial portfolios where all existing coal units are

assumed to retire by 2030. New proxy resources are optimized.
P03 initial portfolios were developed under each of the five
price-policy scenarios. This portfolio fact sheet presents high-
level information for PO3-LN, the portfolio developed under a
low gas / no CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $24,744
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P03-LN are summarized in

the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2029
Huntington 1 Retire 2027
Huntington 2 Retire 2024
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2029
Jim Bridger 4 Retire 2026
Naughton 1 Retire 2028
Naughton 2 Retire 2028
Naughton 3 GC Retire 2029
Wyodak Retire 2027

GC = gas conversion

185




Portfolio: Initial Portfolios (P03-MN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P03 is a set of initial portfolios where all existing coal units are

assumed to retire by 2030. New proxy resources are optimized.
P03 initial portfolios were developed under each of the five
price-policy scenarios. This portfolio fact sheet presents high-
level information for PO3-MN, the portfolio developed under a
medium gas / no CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $25,752
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P03-MN are summarized

in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2029
Huntington 1 Retire 2027
Huntington 2 Retire 2024
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2029
Jim Bridger 4 Retire 2026
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2027

GC = gas conversion




Portfolio: Initial Portfolios (P03-MM)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P03 is a set of initial portfolios where all existing coal units are

assumed to retire by 2030. New proxy resources are optimized.
P03 initial portfolios were developed under each of the five
price-policy scenarios. This portfolio fact sheet presents high-
level information for P03-MM, the portfolio developed under a
medium gas / medium CO, price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $27,848
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P03-MM are summarized

in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2027
Huntington 2 Retire 2028
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2025
Jim Bridger 4 Retire 2030
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2027

GC = gas conversion




Portfolio: Initial Portfolios (P03-HH)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
P03 is a set of initial portfolios where all existing coal units are

assumed to retire by 2030. New proxy resources are optimized.
P03 initial portfolios were developed under each of the five
price-policy scenarios. This portfolio fact sheet presents high-
level information for PO3-HH, the portfolio developed under a
high gas / high CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $29,002
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions
Thermal retirement assumptions for P03-HH are summarized in
the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2027
Huntington 2 Retire 2024
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2029
Jim Bridger 4 Retire 2026
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2027

GC = gas conversion




Portfolio: Initial Portfolios (P03-SCGHG)

Initial Portfolio-Development Fact Sheets
Retirement Assumptions

PORTFOLIO ASSUMPTIONS Thermal retirement assumptions for P03-SCGHG are
summarized in the following table.

Description
P03 is a set of initial portfolios where all existing coal units are Unit Description
assumed to retire by 2030. New proxy resources are optimized. Colstrip 3 Retire 2025
P03 initial portfolios were developed under each of the five Colstrip 4 Retire 2025
price-policy scenarios. This portfolio fact sheet presents high- g@gé Ee?re ;g;;
. . . raig etire
level 1nf0rmat10n for PQ3-SCGHG, the portfolio ('1eve10p.ed Dave Johnston 1 Retire 2027
under a rpedmm gas / social cost of greenhouse gas price-policy Dave Johnston 2 Retire 2027
assumption. Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
PORTFOLIO SUMMARY Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Risk-Adjusted PVRR ($m) $39,112 Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Incremental Transmission Upgrades Hayden | Retire 2028
1l 1Sslon /ng i Hayden 2 Retire 2027
Description Year | Capacity Hermiston Retire 2036
Wyoming East > Clover 2025 1200 Hunter 1 Retire 2023
B2H Borah > Hemingway 2026 600 gumer§ §et%re ggig
. . . unter etire
B2H Hemingway > Midpoint 2026 455 Huntington 1 Retire 2027
B2H Walla Walla — WA > Borah 2026 300 Huntington 2 Retire 2024
Portland North Coast > Willamette 2032 450 Jim Bridger 1 GC 2023, Retire 2037
Valley Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2029
Utah South > Utah North 2033 800 Jim Bridacr 4 Retirc 2026
Portland North Coast > Southern OR 2037 1500 Naughton 1 Retire 2025
Central OR > Willamette Valley 2040 1500 Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2027
Resource Portfolio GC = gas conversion

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.




Portfolio: Initial Portfolios (BAU1-LN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAUI is a set of initial portfolios where all existing coal units

are assumed to retire at end-of-life. New proxy resources are
optimized. BAU1 initial portfolios were developed under each
of the five price-policy scenarios. This portfolio fact sheet
presents high-level information for BAU1-LN, the portfolio
developed under a low gas / no CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,635
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for BAU1-LN are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2037
Jim Bridger 2 Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU1-MN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAUI is a set of initial portfolios where all existing coal units

are assumed to retire at end-of-life. New proxy resources are
optimized. BAU1 initial portfolios were developed under each
of the five price-policy scenarios. This portfolio fact sheet
presents high-level information for BAU1-MN, the portfolio
developed under a medium gas / no CO; price-policy
assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,649
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions
Thermal retirement assumptions for BAU1-MN are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2037
Jim Bridger 2 Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU1-MM)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAUI is a set of initial portfolios where all existing coal units

are assumed to retire at end-of-life. New proxy resources are
optimized. BAU1 initial portfolios were developed under each
of the five price-policy scenarios. This portfolio fact sheet
presents high-level information for BAU1-MM, the portfolio
developed under a medium gas / medium CO; price-policy
assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $27,172
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for BAU1-MM are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2037
Jim Bridger 2 Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU1-HH)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAUI is a set of initial portfolios where all existing coal units

are assumed to retire at end-of-life. New proxy resources are
optimized. BAU1 initial portfolios were developed under each
of the five price-policy scenarios. This portfolio fact sheet
presents high-level information for BAUI-HH, the portfolio
developed under a high gas / high CO, price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $29,776
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions
Thermal retirement assumptions for BAU1-HH are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2037
Jim Bridger 2 Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU1-SCGHG)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAUI is a set of initial portfolios where all existing coal units

are assumed to retire at end-of-life. New proxy resources are
optimized. BAU1 initial portfolios were developed under each
of the five price-policy scenarios. This portfolio fact sheet
presents high-level information for BAUI-SCGHG, the
portfolio developed under a medium gas / social cost of
greenhouse gas price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $41,393
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for BAU1-SCGHG are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2037
Jim Bridger 2 Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU2-LN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description

BAU2 is a set of initial portfolios where all existing coal units
are assumed to retire consistent with the 2019 IRP preferred
portfolio. New proxy resources are optimized. BAU2 initial
portfolios were developed under each of the five price-policy
scenarios. This portfolio fact sheet presents high-level
information for BAU2-LN, the portfolio developed under a low

gas / no CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,707
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,

are summarized in the figure below.

Retirement Assumptions
Thermal retirement assumptions for BAU2-LN are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2028
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolio (BAU2-MN)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAU2 is a set of initial portfolios where all existing coal units

are assumed to retire consistent with the 2019 IRP preferred
portfolio. New proxy resources are optimized. BAU2 initial
portfolios were developed under each of the five price-policy
scenarios. This portfolio fact sheet presents high-level
information for BAU2-MN, the portfolio developed under a
medium gas / no CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $22,674
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions
Thermal retirement assumptions for BAU2-MN are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2028
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolio (BAU2-MM)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAU2 is a set of initial portfolios where all existing coal units

are assumed to retire consistent with the 2019 IRP preferred
portfolio. New proxy resources are optimized. BAU2 initial
portfolios were developed under each of the five price-policy
scenarios. This portfolio fact sheet presents high-level
information for BAU2-MM, the portfolio developed under a
medium gas / medium CO, price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $27,026
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions
Thermal retirement assumptions for BAU2-MM are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2028
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU2-HH)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description

BAU2 is a set of initial portfolios where all existing coal units
are assumed to retire consistent with the 2019 IRP preferred
portfolio. New proxy resources are optimized. BAU2 initial
portfolios were developed under each of the five price-policy
scenarios. This portfolio fact sheet presents high-level
information for BAU2-HH, the portfolio developed under a

high gas / high CO; price-policy assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $29,356
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,

are summarized in the figure below.
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Retirement Assumptions
Thermal retirement assumptions for BAU2-HH are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2028
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Initial Portfolios (BAU2-SCGHG)

Initial Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
BAU2 is a set of initial portfolios where all existing coal units

are assumed to retire consistent with the 2019 IRP preferred
portfolio. New proxy resources are optimized. BAU2 initial
portfolios were developed under each of the five price-policy
scenarios. This portfolio fact sheet presents high-level
information for BAU2-SCGHG, the portfolio developed under
a medium gas / social cost of greenhouse gas price-policy
assumption.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $41,196
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for BAU2-SCGHG are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2028
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Jim Bridger 1 & 2 No GC (P02 Variants P02(a))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02a-JB 1-2 No GC portfolio is a variant of the P02-MM

portfolio that eliminates the gas conversion of Jim Bridger
Units | and 2.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,620
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02a-JB 1-2 No GC are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 Retire 2023
Jim Bridger 2 Retire 2023
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: No Boardman to Hemingway (P02 Variants P02(b))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02b-No B2H portfolio is a variant of the P02-MM

portfolio that eliminates the Boardman-to-Hemingway
transmission line.

PORTFOLIO SUMMARY

Retirement Assumptions

Thermal retirement assumptions for P02b-No B2H are

summarized in the following table.

Risk-Adjusted PVRR ($m) $26,605
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion

Portfolio: Jim Bridger 1 & 2 Retirement 2022 (P-33)




Portfolio: No Gateway South Transmission (P02 Variants P02(c))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02¢c-No GWS portfolio is a variant of the P02-MM

portfolio that eliminates the Energy Gateway South (GWS)
and D.1 transmission lines.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,439
Incremental Transmission Upgrades
Description Year | Capacity
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02c-No GWS are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036

Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: No RFP Bids (P02 Variants P02(d))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02d-No RFP portfolio is a variant of the P02-MM

portfolio that eliminates all 2020 All-Source Request for
Proposals final shortlist resources, including the Energy
Gateway South (GWS) and D.1 transmission lines.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $27,445
Incremental Transmission Upgrades
Description Year | Capacity
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02d-No RFP are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: No Natrium Nuclear Project (P02 Variants P02(e))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02e-No Nuc portfolio is a variant of the P02-MM

portfolio that eliminates the Natrium™ advanced nuclear
demonstration project.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,309
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02e-No Nuc are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: No Naughton 2025 Retirement (P02 Variants P02(f))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02f-No Nau 25 portfolio is a variant of the P02-MM

portfolio that maintains continued coal-fueled operation of
Naughton Units 1 and 2 through the end of 2029, rather than
retiring in 2025.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,217
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02f-No Nau 25 are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2029
Naughton 2 Retire 2029
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Dave Johnston 4 CCUS Conversion (P02 Variants P02(g))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02g-CCUS portfolio is a variant of the P02-MM

portfolio that forces a Carbon Capture Utilization and
Sequestration (CCUS) retrofit on Dave Johnston Unit 4 in
2026, rather than retiring in 2027.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,387
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions

Thermal retirement assumptions for P02g-CCUS are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 CCUS 2026
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

CCUS = carbon capture and sequestration

GC = gas conversion




Portfolio: Jim Bridger 3 & 4 Early Retirement (P02 Variants P02(h))

P02 Variant Portfolio-Development Fact
Sheets

PORTFOLIO ASSUMPTIONS

Description
The P02h-JB3-4 Retire portfolio is a variant of the P02-MM

portfolio that forces Jim Bridger Units 3 and 4 to retire before
2030 with the most optimal timing as determined by the
Plexos model.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,212
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for P02h-JB 3-4 Retire are

summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2029
Jim Bridger 4 Retire 2026
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion




Portfolio: Alternative Lowest Cost Washington Required Portfolio

Washington CETA Required Scenarios
Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
Washington’s Clean Energy Transformation Act (CETA)

requires utilities to conduct specific scenarios as part of its
integrated resource planning process. The Alternative Lowest
Reasonable Cost scenario is required under WAC 480-100-
620(10)(a) that instructs utilities to “describe the alternative
lowest reasonable cost and reasonably available portfolio that
the utility would have implemented if not for the requirement
to comply” with CETA’s Clean Energy Transformation
Standards. Accounting for the retirement to include the social
cost of greenhouse gas price policy in portfolio development,
this is the alternative lowest cost portfolio, run under a
medium gas / medium CO price scenario.

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $26,497
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Retirement Assumptions
Thermal retirement assumptions for P02-SCGHG are
summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2023, Retire 2037
Jim Bridger 2 GC 2023, Retire 2037
Jim Bridger 3 Retire 2025
Jim Bridger 4 Retire 2030
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2031

GC = gas conversion

In the absence of a requirement to assume the social cost of
greenhouse gas price policy during portfolio development, the
alternative lowest reasonable cost portfolio is P02-MM (Initial
Portfolio-Development Fact Sheet: P02-MM).




Portfolio: Climate Change Washington Required Portfolio

Washington CETA Required Scenarios
Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
Washington’s Clean Energy Transformation Act (CETA)

requires utilities to conduct specific scenarios as part of its
integrated resource planning process. The Climate Change
scenario is required under WAC 480-100-620(10)(b) that
instructs utilities to “incorporate the best science available to
analyze impacts including, but not limited to, changes in
snowpack, streamflow, rainfall, heating and cooling degree
days, and load changes resulting from climate change.”

PORTFOLIO SUMMARY

Risk-Adjusted PVRR ($m) $40,876
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.

Retirement Assumptions

Thermal retirement assumptions for the Climate Change
scenario are summarized in the following table.

Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2023
Hunter 2 Retire 2024
Hunter 3 Retire 2025
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2025
Jim Bridger 4 Retire 2030
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2031

GC = gas conversion




Portfolio: Maximum Customer Benefit Washington Required Portfolio

Washington CETA Required Scenarios
Portfolio-Development Fact Sheets

PORTFOLIO ASSUMPTIONS

Description
Washington’s Clean Energy Transformation Act (CETA)

requires utilities to conduct specific scenarios as part of its
integrated resource planning process. The Maximum
Customer Benefit scenario is required under WAC 480-100-
620(10)(c) instructs utilities to “model the maximum amount
of customer benefits described in RCW 19.405.040(8) prior to
balancing against other goals.”

PORTFOLIO SUMMARY

Retirement Assumptions

Thermal retirement assumptions for the Maximum Customer
Benefit scenarios are summarized in the following table.

Risk-Adjusted PVRR ($m) $43,282
Incremental Transmission Upgrades
Description Year | Capacity
Wyoming East > Clover 2025 1200
B2H Borah > Hemingway 2026 600
B2H Hemingway > Midpoint 2026 455
B2H Walla Walla — WA > Borah 2026 300
Portland North Coast > Willamette 2032 450
Valley
Utah South > Utah North 2033 800
Portland North Coast > Southern OR 2037 1500
Central OR > Willamette Valley 2040 1500

Resource Portfolio

Cumulative changes to the resource portfolio (new resource
additions to address load service and reliability requirements
and resource retirements), represented as nameplate capacity,
are summarized in the figure below.
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Unit Description
Colstrip 3 Retire 2025
Colstrip 4 Retire 2025
Craig 1 Retire 2025
Craig 2 Retire 2028
Dave Johnston 1 Retire 2027
Dave Johnston 2 Retire 2027
Dave Johnston 3 Retire 2027
Dave Johnston 4 Retire 2027
Gadsby 1 Retire 2032
Gadsby 2 Retire 2032
Gadsby 3 Retire 2032
Gadsby 4 Retire 2032
Gadsby 5 Retire 2032
Gadsby 6 Retire 2032
Hayden 1 Retire 2028
Hayden 2 Retire 2027
Hermiston Retire 2036
Hunter 1 Retire 2042
Hunter 2 Retire 2042
Hunter 3 Retire 2042
Huntington 1 Retire 2036
Huntington 2 Retire 2036
Jim Bridger 1 GC 2024, Retire 2037
Jim Bridger 2 GC 2024, Retire 2037
Jim Bridger 3 Retire 2037
Jim Bridger 4 Retire 2037
Naughton 1 Retire 2025
Naughton 2 Retire 2025
Naughton 3 GC Retire 2029
Wyodak Retire 2039

GC = gas conversion
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APPENDIX J — STOCHASTIC SIMULATION RESULTS

Introduction

This appendix reports additional results for the Monte Carlo production cost simulations conducted
with the stochastic model. The results presented in Table J.1 through Table J.4 include stochastic
results from the Medium Term (MT) model for the 2021 IRP preferred portfolio presented under
five price-policy scenarios, four initial portfolios run through five price-policy scenarios, eight
variant cases run through five price-policy scenarios and three Washington-required scenarios in
accordance with WAC 480-100-620(10)(a)-(c).

Table J.5 and Figure J.1 present a 10-year incremental customer rate impact. Table J.6 and Figure
J.2 present a 20-year incremental customer rate impact. Rate implications are more relevant over
the near-term given biennial updates to the long-term 20-year planning horizon. During this time
frame, portfolios and their associated costs are similar. Portfolio level system costs are a key factor
in the portfolio selection process therefore, rate implications are not the primary key for portfolio
selection. Distribution of costs among different classes is established in rate proceedings and
nothing in the preferred portfolio would explicitly alter cost impacts among different classes of
rate payers.

Table J.1 — MT Stochastic Mean PVRR, Preferred Portfolio

MT Stochastic PVRR ($ millions) 2021 to 2040
MT Upper
Case Stochastic 5th 90th 95th Upper Tail No Standard
Percentile | Percentile | Percentile Tail Fixed Deviation
Average
Cost
P02-MM-CETA 25,205 24911 25,457 25,476 25,538 7,106 178
Table J.2 — MT Stochastic Mean PVRR, Initial Portfolios
MT Stochastic PVRR ($ millions) 2021 to 2040
MT Upper
Case Stochastic Sth 90th 95th Upper Tail No Standard
Percentile | Percentile | Percentile Tail Fixed Deviation
Average
Cost
P02-MM 25,185 24,881 25,419 25,460 25,505 7,198 178
P02-MM-CETA 25,205 24911 25,457 25,476 25,538 7,106 178
P02-MM 26,875 26,516 27,158 27,203 27,235 5,677 210
BAU1-MM 25,838 25,554 26,071 26,112 26,152 6,715 174
BAU2-MM 25,899 25,603 26,134 26,171 26,213 6,744 176
P02-LN 21,480 21,209 21,684 21,737 21,805 5,093 160
P02-MM-LN 22,162 21,972 22,318 22,330 22,348 4,042 114
P02-MM-CETA-LN 22,268 22,085 22,433 22,440 22,459 4,026 114
P02-LN 24,041 23,772 24,236 24,270 24,360 3,327 152
BAUI1-LN 21,929 21,721 22,104 22,120 22,142 4,206 126
BAU2-LN 21,959 21,648 22,175 22,239 22,324 5,188 177
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Table J.2 Continued — MT Stochastic Mean PVRR, Initial Portfolios

P02-MN 21,284 | 20,989 | 21,544 | 21,571 | 21,625 | 4,745 181
P02-MM-MN 21,846 | 21,599 | 22,051 | 22,072 | 22,085 3,779 149
P02-MM-CETA-MN 21,977 | 21,736 | 22,198 | 22203 | 22,227 | 3,795 149
P02-MN 24,790 | 24,483 | 25,027 | 25065 | 25100 | 3,310 179
BAUI-MN 21,834 | 21,592 | 22,042 | 22,060 | 22,069 | 3,568 149
BAU2-MN 21,805 | 21,466 | 22,079 | 22,117 | 22,198 | 4,904 200
P02-HH 27,642 | 27,256 | 27,950 | 28,011 | 28,094 | 10,098 235
P02-MM-HH 27,953 | 27,567 | 28261 | 28322 | 28405 | 10,098 235
P02-MM-CETA-HH 28,004 | 27,617 | 28334 | 28369 | 28,473 | 10,041 234
P02-HH 27,874 | 27451 | 28258 | 28270 | 28,355 7,267 259
BAUI-HH 28237 | 27,850 | 28,544 | 28,610 | 28,685 9,998 231
BAU2-HH 27964 | 27,573 | 28289 | 28342 | 28,428 | 10,094 241
P02-SC 37,161 | 36,587 | 37,731 | 37,763 | 38,034 | 18,649 405
P02-MM-SC 38247 | 37,647 | 38812 | 38,840 | 39,144 | 20,838 419
P02-MM-CETA-SC 38288 | 37,697 | 38,841 | 38898 | 39,209 | 20,777 415
P02-SC 36,924 | 36,371 | 37454 | 37494 | 37,734 | 16,668 386
BAU1-SC 38,661 | 38,048 | 39245 | 39278 | 39,560 | 21,035 426
BAU2-SC 38,536 | 37,940 | 39,123 | 39,171 | 39,449 | 21,115 430

Table J.3 — MT Stochastic Mean PVRR, P02 Variant Cases

MT Stochastic PVRR ($ millions) 2021 to 2040
MT Upper

Case Stochastic 5th 90th 95th Upper Tail No Standard

Average Percentile | Percentile | Percentile Tail lg);:;i Deviation
P02a—JB1\}Ii\%IN0 GC- 25,683 25,382 25,923 25,955 26,009 7,042 179
P02b-No B2h-MM 25,409 25,091 25,659 25,689 25,742 8,522 186
P02c-No GWS-MM 25,108 24,793 25,356 25,391 25,465 9,863 189
P02d-No RFP-MM 26,090 25,734 26,398 26,413 26,499 11,833 219
P02e-No Nuc-MM 25,308 24,996 25,546 25,585 25,636 7,703 180
P02f-No Nau 25-MM 25,150 24,839 25,382 25,428 25,474 7,435 179
P02g-CCUS-MM 25,321 25,016 25,558 25,592 25,634 6,482 177
P02h-JB 3-4 Retire-MM 25,229 24,922 25,475 25,508 25,557 6,510 181
P02a-JB 1-2 No GC-LN 22,714 22,529 22,876 22,886 22911 3,943 114
P02b-No B2h-LN 22,079 21,883 22,251 22,262 22,280 5,060 120
P02c-No GWS-LN 21,153 20,957 21,324 21,333 21,366 5,764 120
P02d-No RFP-LN 21,604 21,350 21,801 21,842 21,900 7,234 149
P02e-No Nuc-LN 22,025 21,839 22,188 22,195 22,217 4,284 115
P02f-No Nau 25-LN 22,006 21,827 22,166 22,176 22,192 4,152 112
P02g-CCUS-LN 22,274 22,100 22,433 22,440 22,463 3,311 111
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P02h-JB 3-4 Retire-LN 22,476 22,290 22,642 22,647 \ 22,668 \ 3,621 115
Table J.3 Continued — MT Stochastic Mean PVRR, P02 Variant Cases
P02a-JB 1-2 No GC-MN 22,317 22,085 22,536 22,544 22,573 3,606 148
P02b-No B2h-MN 21,915 21,659 22,141 22,156 22,180 4,960 157
P02¢c-No GWS-MN 21,208 20,953 21,443 21,450 21,493 5,890 157
P02d-No RFP-MN 21,958 21,637 22,221 22,273 22,329 7,663 191
P02e-No Nuc-MN 21,799 21,557 22,021 22,029 22,053 4,120 150
P02f-No Nau 25-MN 21,664 21,433 21,885 21,889 21,908 3,868 147
P02g-CCUS-MN 21,979 21,751 22,196 22,206 22,226 3,074 146
P02h-JB 3-4 Retire-MN 22,237 21,995 22,460 22,467 22,493 3,445 151
P02a-JB 1-2 No GC-HH 28,331 27,946 28,650 28,698 28,802 9,835 232
P02b-No B2h-HH 28,468 28,075 28,809 28,839 28,954 11,734 241
P02¢c-No GWS-HH 28,596 28,210 28,940 28,972 29,109 13,507 244
P02d-No RFP-HH 30,147 29,741 30,542 30,562 30,692 16,026 273
P02e-No Nuc-HH 28,201 27,818 28,529 28,573 28,670 10,737 236
P02f-No Nau 25-HH 27,982 27,598 28,300 28,349 28,439 10,400 233
P02g-CCUS-HH 27,922 27,536 28,249 28,289 28,389 9,237 231
P02h-JB 3-4 Retire-HH 27,726 27,342 28,059 28,094 28,199 9,151 235
P02a-JB 1-2 No GC-SC 38,511 37,911 39,088 39,142 39,438 20,471 425
P02b-No B2h-SC 39,261 38,656 39,823 39,890 40,216 22,996 427
P02¢c-No GWS-SC 40,504 39,876 41,068 41,151 41,519 25,917 442
P02d-No RFP-SC 43,140 42,478 43,758 43,833 44,196 29,530 471
P02e-No Nuc-SC 38,581 37,976 39,135 39,198 39,505 21,572 422
P02f-No Nau 25-SC 38,433 37,838 39,000 39,048 39,345 21,306 420
P02g-CCUS-SC 38,171 37,581 38,729 38,783 39,080 19,928 411
P02h-JB 3-4 Retire-SC 37,901 37,324 38,437 38,495 38,792 19,744 403

Table J.4 — MT Stochastic Mean PVRR, Washington Clean Energy Transmission Act
(CETA) Required Scenarios Cases

MT Stochastic PVRR ($ millions) 2021 to 2040
MT Upper
Ca Stochasti Sth 90th 95th Upper Tail No Standard
s¢ OCRASHC | porcentile | Percentile | Percentile Tail Fixed Deviation
Average
Cost

P02-MM-Alt Low Cost 25,621 25,281 25918 25,931 25,999 6,614 203

P02-MM-Climate 37,363 36,753 37,963 38,032 38,271 20,010 426

P02-MM-Maximum 40,640 40,049 41,200 41,252 | 41,553 | 23,189 414

Cust Benefit

Table J.5 — 10-year Incremental Customer Rate Impact

213




PACIFICORP — 2021 IRP

APPENDIX J — STOCHASTIC SIMULATION RESULTS

P02 0 1
P02-CETA 23 2
P03 304 5
BAUI 208 4
BAU2 132 3

Figure J.1 — 10-year Incremental Customer Rate Impact

Table J.6 — 20-

ear Incremental Customer Rate Impact

P02 0 1
P02-CETA 17 2
P03 111 5
BAUI1 85 4
BAU2 67 3

Figure J.2 — 20-year Incremental Customer Rate Impact
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APPENDIX K — CAPACITY CONTRIBUTION

Introduction

The capacity contribution of a resource is represented as a percentage of that resource’s nameplate
or maximum capacity and is a measure of the ability of a resource to reliably meet demand. This
capacity contribution affects PacifiCorp’s resource planning activities, which are intended to
ensure there is sufficient capacity on its system to meet its load obligations inclusive of a planning
reserve margin. Because of the increasing penetration of variable energy resources (such as wind
and solar) and energy-limited resources (such as storage and demand response), planning for
coincident peak loads is no longer sufficient to determine the necessary amount and timing of new
resources. To ensure resource adequacy is maintained over time, all resource portfolios evaluated
in the integrated resource plan (IRP) have sufficient capacity to meet PacifiCorp’s load obligations
and a planning reserve margin in all hours of each year. Because all resources provide both energy
and capacity benefits, identifying the resource that can provide additional capacity at the lowest
incremental cost to customers is not straightforward. A resource’s energy value is dependent on
its generation profile and location, as well as the composition of resources and transmission in the
overall portfolio. Similarly, a resource’s capacity value (or contribution to ensuring reliable
system operation) is also dependent on both its characteristics and the composition of the overall
portfolio. To further complicate the analysis, PacifiCorp’s portfolio composition changes
dramatically over time, as a result of retirements and expiring contracts.

In the 2019 IRP, PacifiCorp developed initial capacity contribution estimates for wind and solar
capacity that accounted for expected declining contributions as the level of penetration increased.
A key assumption in this analysis was that only a single variable was modified, for example, when
evaluating solar penetration level, the capacity from wind and energy storage resources in the
portfolio were held constant. As the preparation of the 2019 IRP continued, PacifiCorp identified
that these initial estimates did not adequately account for the interactions between solar, wind, and
energy storage and thus did not ensure that each portfolio was adequately reliable. Therefore, as
part of the 2019 IRP PacifiCorp assessed each portfolio to verify that it would support reliable
operation in each hour of the year.

At the conclusion of the 2019 IRP, PacifiCorp recalculated the capacity contribution values for
wind and solar resources using the capacity factor approximation method (CF Method) as outlined
in a 2012 report produced by the National Renewable Energy Laboratory (NREL Report)!. The
CF Method calculates a capacity contribution based on a resource’s expected availability during
periods when the risk of loss of load events is highest, based on the loss of load probability (LOLP)
in each hour. This final CF Method analysis was performed using a portfolio that was very similar
to the 2019 IRP preferred portfolio. For the reasons discussed above, this final CF Method analysis
provides a reasonable estimate of capacity contribution value so long as the changes relative to the
preferred portfolio are small, since in effect, the CF Method calculates the marginal capacity
contribution of a one megawatt resource addition. Changes to the locations and quantities of wind,
solar, and energy storage are key drivers of the marginal capacity contribution results.

! Madaeni, S. H.; Sioshansi, R.; and Denholm, P. “Comparison of Capacity Value Methods for Photovoltaics in the
Western United States.” NREL/TP-6A20-54704, Denver, CO: National Renewable Energy Laboratory, July 2012
(NREL Report) at: www.nrel.gov/docs/fy120sti/54704.pdf
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The capacity contribution analysis for the 2021 IRP is comparable to that in PacifiCorp’s 2019
IRP in two key ways. First, rather than assigning a capacity contribution at the start of the analysis,
the hourly reliability of portfolios was assessed to identify periods of shortfalls. Second, a final
CF Method analysis was performed using a portfolio that is similar to the 2021 IRP preferred
portfolio. The final CF Method analysis for the 2021 IRP is presented in this Appendix.

CF Methodology

The NREL Report summarizes several methods for estimating the capacity value of renewable
resources that are broadly categorized into two classes: 1) reliability-based methods that are
computationally intensive; and 2) approximation methods that use simplified calculations to
approximate reliability-based results. The NREL Report references a study from Milligan and
Parsons that evaluated capacity factor approximation methods, which use capacity factor data
among varying sets of hours, relative to a more computationally intensive reliability-based metric.
As discussed in the NREL Report, the CF Method was found to be the most dependable technique
in deriving capacity contribution values that approximate those developed using a reliability-based
metric.

As described in the NREL Report, the CF Method “considers the capacity factor of a generator
over a subset of periods during which the system faces a high risk of an outage event.” When using
the CF Method, hourly LOLP is calculated and then weighting factors are obtained by dividing
each hour’s LOLP by the total LOLP over the period. These weighting factors are then applied to
the contemporaneous hourly capacity factors to produce a capacity contribution value.

The weighting factors based on LOLP are defined as:

LOLP;
Vi ST LoLp,
Jj=1 J
where w; is the weight in hour i, LOLP; is the LOLP in hour i, and T is the number of hours in the
study period, which is 8,760 hours for the current study. These weights are then used to calculate
the weighted average capacity factor as an approximation of the capacity contribution as:

T
CV = Z WiCif
i=1

where C; is the capacity factor of the resource in hour i, and CV is the weighted capacity value of
the resource.

For fixed profile resources, including wind, solar, and energy efficiency, the average LOLP values
across all iterations are sufficient, as the output of these resources is the same in each iteration. To
determine the capacity contribution of fixed profile resources using the CF Method, PacifiCorp
implemented the following three steps:

1. A 50-iteration hourly Monte Carlo simulation of PacifiCorp’s system was produced using
the Plexos Short-Term (ST) model. The key stochastic variables assessed as part of this
analysis are loads, thermal outages, and hydro conditions. The LOLP for each hour in the
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year is calculated by counting the number of iterations in which system load and/or reserve
obligations could not be met with available resources and dividing by the total number of
iterations.> For example, if in hour 19 on December 22nd there are three iterations with
shortfalls out of a total of 50 iterations, then the LOLP for that hour would be 6 percent.’

2. Weighting factors were determined based upon the LOLP in each hour divided by the sum
of LOLP among all hours within the same summer or winter season. In the example noted
above, the sum of LOLP among all winter hours is 58 percent.* The weighting factor for
hour 19 on December 22" would be 1.0417 percent.’ This means that 1.0417 percent of all
winter loss of load events occurred in hour 19 on December 22" and that a resource
delivering in only in that single hour would have a winter capacity contribution of 1.0417
percent.

3. The hourly weighting factors are then applied to the capacity factors of fixed profile
resources in the corresponding hours to determine the weighted capacity contribution value
in those hours. Extending the example noted, if a resource has a capacity factor of 41.0
percent in hour 19 on December 22", its weighted winter capacity contribution for that
hour would be 0.4271 percent.®

For resources which are energy limited, such as energy storage or demand response programs, the
LOLP values in each iteration must be examined independently, to ensure that the available storage
or control hours are sufficient. Continuing the example of December 22™ described above,
consider if hour 18 and hour 19 both have three hours with energy or reserve shortfalls out of 500
iterations. If all six shortfall hours are in different iterations, a 1-hour energy storage resource could
cover all six hours. However, if the six shortfall hours are in the same three iterations in hour 18
and hour 19 (i.e. 2-hour duration events), then a 1-hour storage resource could only cover three of
the six shortfall hours.

Additional considerations are also necessary for hybrid resources which share an interconnection
and cannot generate their maximum potential output simultaneously.

Final CF Method Results

The final CF Method results described below provide a reasonable capacity contribution value so
long as the changes relative to the preferred portfolio are small, since in effect, the CF Method
calculates the marginal capacity contribution of a one-megawatt resource addition. Please note that
marginal capacity contribution values reported herein are applicable to small incremental or

2 In the past, PacifiCorp assumed that the first hour of any shortfall would be covered as part of its participation in the
Northwest Power Pool (NWPP) reserve sharing agreement, which allows a participant to receive energy from other
participants within the first hour of a contingency event. While this reserve sharing remains in effect, shortfalls in the
2021 IRP are much more likely to result from changes in load, renewable resource output, or energy storage
limitations, and not in the first hour after a contingency event occurs. In light of this, PacifiCorp’s 2021 IRP analysis
no longer excludes the first hour of every shortfall event.

3 0.6 percent = 3 / 500.

4 For each hour, the hourly LOLP is calculated as the number of iterations with ENS divided by the total of 500
iterations. There are 288 winter ENS iteration-hours out of total of 5,832 winter hours. As a result, the sum of LOLP
for the winter is 288 / 500 = 58 percent. There are 579 summer ENS iteration-hours out of total of 2,928 summer
hours. As a result, the sum of LOLP for the summer is 579 / 500 = 116 percent.

51.0417 percent = 0.6 percent / 58 percent, or simply 1.0417 percent = 3 / 288.

60.4271 percent = 1.0417 percent x 41.0 percent.
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decremental changes relative to the composition of the IRP preferred portfolio in 2030 and do not
represent the average capacity contribution for each of the megawatts of a given resource type
included in the preferred portfolio. In general, wind, solar, and energy storage have declining
marginal capacity contribution values as the quantity of a given resource type increases. This
results in average capacity contribution values that exceed the marginal capacity contribution
values reported herein.

Table K.1 — Final CF Method Capacity Contribution Values for Wind, Solar, and Storage

Capac(ig))F actor Capacity Contribution (%)
Summer/Winter: Annual S \%4
Solar
Idaho Falls, ID 28% 14% 7%
Lakeview, OR 29% 13% 18%
Milford, UT 32% 15% 7%
Yakima, WA 25% 9% 4%
Rock Springs, WY 30% 14% 13%
Wind
Pocatello, ID 37% 33% 39%
Arlington, OR 37% 46% 17%
Monticello, UT 29% 14% 42%
Goldendale, WA 37% 47% 21%
Medicine Bow, WY 44% 30% 32%
Stand-alone Storage
2-hour duration 49% 75%
4-hour duration 74% 90%
9-hour duration 90% 96%
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Table K.2 — Final CF Method Capacity Contribution Values for Solar Combined with
Storage

ngg)ic(lg)) Capacity Contribution (%)
Summer/Winter: Annual S | W
Solar & 100% x 4-hour Storage

Idaho Falls, ID 28% 81% 92%

Lakeview, OR 29% 82% 93%

Milford, UT 32% 80% 95%

Yakima, WA 25% 79% 91%

Rock Springs, WY 30% 80% 94%

The above CF Method results are from a one-year study period (2030) and shortfall events are
identified separately for every hour in that period. The details of the wind and solar resource
modeling in the study period are important for interpreting the results. The study includes specific
wind and solar volumes by resource for each hour in the period, and includes the effects of calm
and cloudy days on resource output. Where data was available, the modeled generation profiles
for proxy resources are derived from calendar year 2018 hourly generation profiles of existing
resources, adjusted to align with the expected annual output of each proxy resource.

The use of correlated hourly shapes produces variability across each month and a reasonable
correlation between resources of the same type that are located in close proximity. It also results
in days with higher generation and days with lower generation in each month. As one would
expect, days with lower renewable generation are more likely to result in shortfall events. As a
result, basing CF Method capacity contribution calculations on an average or 12-month by 24-hour
forecast of renewable generation will tend to overstate capacity contribution, particularly if there
is a significant quantity of similarly located resources of the same type already in the portfolio, or
if an appreciable quantity of resource additions are being contemplated. Even if an hourly
renewable generation forecast is used, capacity contributions can be overstated if the weather
underlying the forecast is not consistent with that used for similarly located resources used to
develop the CF Method results. Because similarly located resources of the same type would
experience similar weather in actual operations, a mismatch in the underlying weather conditions
used in renewable generation forecasting will create diversity in the generation supply than would
not occur in actual operations.

Because they are both influenced by weather, a relationship between renewable output and load is
expected. To assess this relationship, PacifiCorp gathered information on daily wind and solar
output from 2016-2019, and compared it to the load data from that period, the same load data that
was used to determine stochastic parameters.

Each of the days in the historical period was assigned to a tier based on the rank of its daily average
load within that month. This was done independently for the east and west sides of the system.
The seven tiers were defined as follows:

Tier 1: The peak load day
Tier 2: 2nd — 5th highest load days
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Tier 3: Days 6-10

Tier 4: Days 11-15
Tier 5: Days 16-20
Tier 6: Days 21-25
Tier 7: Days 26-31

The average wind and solar generation on the days in each tier was then compared to the average
wind and solar generation for the entire month. The results indicated that west-side wind is often
below average during the highest load days in a month, and above average during the lowest load
days in a month. The results for other resource types were less pronounced, but do exhibit some
patterns, as shown in Figure K.1 and Figure K.2.

Figure K.1 — Renewable Resources vs. High Load Conditions
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*  West wind is generally below average during high load days
Tier 1: Monthly Peak Load Day +  East wind is often above average during high load days in the winter
Tier 2: Top Days Ranked 2-5 » Solar output is mostly near average during high load days
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Figure K.2 — Renewable Resources vs. Low Load Conditions
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Tier 1: Low Days Ranked 21-25 * All renewables tend to be above average during low load days
Tier 2: Lowest Days Ranked 26-31 * The impact is greatest for West wind

Standard stochastic evaluation of prices, loads, etc. is based on standard deviations and mean
reversion statistics. The results indicate that wind and solar output does exhibit relationships with
load, but they are poorly represented by standard deviations — a different modeling technique is
necessary.

Because of the complexity of the data, PacifiCorp did not attempt to develop wind and solar
generation that varies by stochastic iteration for the 2021 IRP. Instead, PacifiCorp developed a
technique using the existing input framework: a single 8760 profile for each wind and solar
resource that repeats every year. Because the load forecast rotates with the calendar, such that the
peak load day moves to different calendar days, this creates differences in the alignment of load
and renewable output across the IRP study horizon.

The order of the 2018 historical days was rearranged so that the forecasted intra-month variation
in renewable output was reasonably aligned with the intra-month variation observed in the
historical period for the days in the same load tier. Each day of renewable resource output derived
from the 2018 history is mapped to a specific day for modeling purposes — only the order of the
days changes. To maintain correlations within wind and solar output, all wind and solar resources
across the entire system are mapped using the same days.

While this technique builds on previous modeling and produces a reasonable forecast that captures
some of the relationships between wind, solar, and load, additional work is needed in future IRPs
to explore the variation and diversity of solar and wind output and further relationships with load.
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APPENDIX LL — PRIVATE GENERATION STUDY

Introduction

Guidehouse, formerly known as Navigant Consulting, Inc., prepared the Private Long-Term
Resource Assessment for PacifiCorp. A key objective of this research is to assist PacifiCorp in
developing private generation resource penetration forecasts to support its 2021 Integrated
Resource Plan. The purpose of this study is to project the level of private generation resources
PacifiCorp’s customers might install over the next twenty years under low, base and high
penetration scenarios.
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1.0 INTRODUCTION

PacifiCorp (Owner) retained Burns & McDonnell Engineering Company (BMcD) to evaluate various
renewable energy resources in support of the development of the Owner’s 2020 Integrated Resource Plan
(IRP) and associated resource acquisition portfolios and/or products. The 2020 Renewable Resources
Assessment (Assessment) is screening-level in nature and includes a comparison of technical capabilities,
capital costs, and O&M costs that are representative of renewable energy and storage technologies listed

below.

It is the understanding of BMcD that this Assessment will be used as preliminary information in support
of the Owner’s long-term power supply planning process. The level of detail in this study is sufficient to
provide screening level data required for the IRP planning process. Past the IRP modeling and selection,
technologies of interest to the Owner should be further investigated in order to refine design, major

equipment selection, value engineering, and specific project scope adjustments.

1.1  Evaluated Technologies

* Single Axis Tracking Solar

*  Onshore Wind

* Energy Storage
0 Pumped Hydro Energy Storage (PHES)
0 Compressed Air Energy Storage (CAES)
0 Lithium lon Battery
0 Flow Battery

* Solar + Energy Storage

*  Wind + Energy Storage

1.2 Assessment Approach

This report accompanies the Renewable Resources Assessment spreadsheet files (Summary Tables)
provided by BMcD. The Summary Tables are broken out into three separate files for Solar, Wind, and
Energy Storage options. The costs are expressed in mid-2020 dollars for a fixed price, turn-key resource

implementation. The Summary Tables can be found in Appendix A: Summary Tables.

This report compiles the assumptions and methodologies used by BMcD during the Assessment. Its
purpose is to articulate that the delivered information is in alignment with PacifiCorp’s intent to advance

its resource planning initiatives.
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1.3  Statement of Limitations

Estimates and projections prepared by BMcD relating to performance, construction costs, and operating
and maintenance costs are based on experience, qualifications, and judgment as a professional consultant.
BMcD has no control over weather, cost and availability of labor, material and equipment, labor
productivity, construction contractor’s procedures and methods, unavoidable delays, construction
contractor’s method of determining prices, economic conditions, government regulations and laws
(including interpretation thereof), competitive bidding and market conditions or other factors affecting
such estimates or projections. Actual rates, costs, performance ratings, schedules, etc., may vary from the

data provided.
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2.0 STUDY BASIS AND ASSUMPTIONS

Scope Basis

Scope and economic assumptions used in developing the Assessment are presented below. Key

assumptions are listed as footnotes in the summary tables, but the following expands on those with greater

detail for what is assumed for the various technologies.

2.2

General Assumptions

The assumptions below govern the overall approach of the Assessment:

All estimates are screening-level in nature, do not reflect guaranteed costs, and are not intended
for budgetary purposes. Estimates concentrate on differential values between options and not
absolute information.

All information is preliminary and should not be used for construction purposes.

All capital cost and O&M estimates are stated in mid-2020 US dollars (USD). Escalation is
excluded.

Estimates assume an Engineer, Procure, Construct (EPC) fixed price contract for project
execution.

Unless stated otherwise, all wind and solar options are based on a generic site with no existing
structures or underground utilities and with sufficient area to receive, assemble and temporarily
store construction material. Battery options are assumed to be located on existing Owner land.
Sites are assumed to be flat, with minimal rock and with soils suitable for spread footings.

Wind and solar technologies were evaluated across five states within Owner’s service areas:
Washington, Oregon, Idaho, Utah, and Wyoming. The specific locations within each state for
potential wind/solar sites were determined by Owner.

All performance estimates assume new and clean equipment. Operating degradation is excluded.
Electrical scope is assumed to end at the high side of the generator step up transformer (GSU)
unless otherwise specified in the summary table (most notably for CAES and PHES).
Demolition costs were included for technology options with a shorter life cycle (Li-Ion, Solar,
and Wind). Costs were developed based on Burns & McDonnell experience as well as published
information. Recycling costs are included in the demolition figures; however, re-sale value of
materials is excluded as that can vary significantly depending on metals pricing and competition

in the currently expanding recycling market.
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The current market is being impacted by various trade tariffs on materials as well as on solar modules.
Predicting future trends or impacts of these tariffs is beyond the scope of this study. This 2020 study has
based costs on recent bids that have accounted for the additional costs associated with current tariffs when
available. While these costs are intended to represent a snapshot of 2020 pricing, additional volatility
could occur when looking at future pricing of these options. These factors may also change the declining

costs curves presented in the appendices.

Energy storage technologies evaluated in this assessment are expected to take advantage of less
expensive, off-peak power to charge the system to later be used for generation during periods of higher
demand. These storage options provide the ability to optimize the system for satisfying monthly, or even
seasonal, energy needs. Energy stored off-peak and delivered on-peak can help reduce on-peak prices and
is therefore beneficial to consumers. Additionally, energy storage has a direct benefit to renewable
resources as it is able to absorb excess energy that otherwise would need to be curtailed due to
transmission constraints. This could increase the percentage of power generated by clean technologies and
delivered during peak hours. Costs and options shown in this assessment represent storage technologies
that are designed for one full cycle per day in a scheduled use case. Other use cases such as frequency
regulation, voltage regulation, renewable smoothing, renewable firming, and black starting are not
accounted for in the options presented in this study. Different use cases will impact the capital cost,

O&M, and performance of the various technologies. EPC Project Indirect Costs
The following project indirect costs are included in capital cost estimates:

*  Construction/startup technical service

* Engineering and construction management
* Freight

»  Startup spare parts

* EPC fees & contingency

2.3 Owner Costs
Allowances for Owner’s costs are included in the pricing estimates. The cost buckets for Owner’s costs

varies slightly by technology but is broken out in the summary tables in Appendix A: Summary Tables.

2.4 Cost Estimate Exclusions

The following costs are excluded from all estimates:

* Financing fees
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* Interest during construction (IDC)
* Escalation

*  Performance and payment bond

* Sales tax

*  Property taxes and insurance

*  Off-site infrastructure

» Utility demand costs

* Salvage values

2.5 Operating and Maintenance Assumptions

Operations and maintenance (O&M) estimates are based on the following assumptions:

*  O&M costs are based on a greenfield facility with new and clean equipment.
e O&M costs are in mid-2020 USD.

*  Property taxes allowance included for solar and onshore wind options.

* Land lease allowance included for PV and onshore wind options.

* Li-Ion battery O&M includes costs for additional cells to be added over time.
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3.0 SOLARPHOTOVOLTAIC

This Assessment includes 100 MW, and 200 MW single axis tracking photovoltaic (PV) options

evaluated at two locations within the PacifiCorp services area.

3.1 PV General Description

The conversion of solar radiation to useful energy in the form of electricity is a mature concept with
extensive commercial experience that is continually developing into a diverse mix of technological
designs. PV cells consist of a base material (most commonly silicon), which is manufactured into thin
slices and then layered with positively (i.e. Phosphorus) and negatively (i.e. Boron) charged materials. At
the junction of these oppositely charged materials, a "depletion" layer forms. When sunlight strikes the
cell, the separation of charged particles generates an electric field that forces current to flow from the
negative material to the positive material. This flow of current is captured via wiring connected to an
electrode array on one side of the cell and an aluminum back-plate on the other. Approximately 15% of
the solar energy incident on the solar cell can be converted to electrical energy by a typical silicon solar
cell. As the cell ages, the conversion efficiency degrades at a rate of approximately 2% in the first year
and 0.5% per year thereafter. At the end of a typical 30-year period, the conversion efficiency of the cell

will still be approximately 80% of its initial efficiency.

3.2 PV Performance

BMcD pulled Typical Meteorological Year (TMY) weather data for each site to determine expected
hourly irradiance. BMcD then ran simulations of each PV option using PVSYST software. The resultant
capacity factors for single axis tracking systems are shown in the Summary Tables. Inverter loading ratios

(ILR) for each base plant nominal output at the point of electrical interconnect are indicated in Table 3-1.

Table 3-1: Inverter Loading Ratios in Assessment

Single-Axis Tracking
(SAT) DC/AC Ratio

100 MW 1.30

Nominal Output

200 MW 1.30

There are different panel technologies which may exhibit different performance characteristics depending
on the site. This assessment assumes poly-crystalline panels. The alternative, thin film technologies, are
typically cheaper per panel, but they are also less energy dense, so it’s likely that more panels would be

required to achieve the same output. In addition, the two technologies respond differently to shaded
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conditions. The two technologies are also impacted differently by current solar tariffs which has also

impacted availability of the two.

Appendix B: Solar PVSYST Model Output (SMW) shows the PVSYST model output for a 4.2 MW block
with the input assumptions, losses, and output summary. Appendix C: Solar Output Summary shows an
additional output summary page unique for each solar option size and location. TMY data for each site as
well as PVSYST 8760 outputs are provided to accompany this report outside of the formal report

appendices.

3.3 PV Cost Estimates

Cost estimates were developed using in-house information based on BMcD project experience as an EPC
contractor as well as an Owner’s Engineer for EPC solar projects. Cost estimates assume an EPC project
plus typical Owner’s costs. A typical solar project cash flow is included in Appendix F: Generation Cash

Flows.

PV cost estimates for the single axis tracking systems are included in the Summary Tables. Costs are
based on the DC/AC ratios in Table 4-1 above, and $/kW costs, based on the nominal AC output, are
shown in Appendix A: Summary Tables. The project scope assumes a high voltage interconnection for
both the 100 and 200 MW options. Owner’s costs include a switchyard allowance for the larger scale
options, but no transmission upgrade costs or high voltage transmission interconnect line costs are

included.

PV installed costs have steadily declined for years. The main drivers of cost decreases include substantial
module price reductions, lower inverter prices, and higher module efficiency. However, recent US tariffs
have had an impact on PV panels and steel imports. Pricing in the summary table is based on actual
competitive EPC market quotes since these tariffs have been in place to take into account this impact. The
panel tariffs only impact crystalline solar modules, however the availability of CdTe is limited for the
next couple years, so it is prudent to assume similar cost increases for thin film panels until the impacts of

the tariff are clearer.

Demolition costs for PV are included in the IRP Inputs and are meant to reflect the end of life
decommissioning efforts. PV recycling in the U.S. is led by the Solar Energy Industries Association
(SEIA), which has developed a national PV recycling program. This program works with several
recycling companies along with regulators in order to abide by the Federal Resource Conservation and
Recovery Act (RCRA), which is the governing legislation for the disposal of PV equipment. SEIA

advises system owners to consider reuse and refurbishment when possible. However, when demolition
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and recycling is required, PV panels contain several materials that can be recovered. By weight, 80% of
the panel consists of glass and aluminum. Other valuable materials include copper, silver, and
semiconductor materials. Similar to the Li-lon storage industry, many PV sites have not yet reached their

end of useful life and therefore the recycling and materials resale market is still in its infancy.

The 2020 Assessment excludes land costs from capital and Owner costs. It is assumed that all PV projects

will be on leased land with allowances provided in the O&M costs.

3.4 PV O&M Cost Estimate
O&M costs for the PV options are shown in the Summary Tables. O&M costs are derived from BMcD
project experience and vendor information. The 2020 Assessment includes allowances for land lease and

property tax costs.
The following assumptions and clarifications apply to PV O&M:

*  O&M costs assume that the system is remotely operated and that all O&M activities are
performed through a third-party contract. Therefore, all O&M costs are modeled as fixed costs,
shown in terms of SMM per year.

* Land lease and property tax allowances are included based on in house data from previous
projects.

*  Equipment O&M costs are included to account for inverter maintenance and other routine
equipment inspections.

*  BOP costs are included to account for monitoring & security and site maintenance (vegetation,
fencing, etc.).

* Panel cleaning and snow removal are not included in O&M costs.

*  The capital replacement allowance is a sinking fund for inverter replacements, assuming they will
be replaced once during the project life. It is a 15-year levelized cost based on the current inverter

capital cost.

3.5 PV Plus Storage
The PV plus storage options combine the PV technology discussed in section 3.0 with the lithium ion
batteries described in section 9.0. The battery storage size is set at approximately 50% of the total

nominal output of the base solar options, with four hours of storage duration.

The storage system is assumed to be electrically coupled to the PV system on the AC side, meaning the

PV and storage systems have separate inverters. However, there are use cases such as PV clipping that
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may be better served by a DC-DC connection. In a DC coupled system, the storage side would have a
DC-DC voltage converter and connect to the PV system upstream of the DC-AC inverters. For a clipping
application, a DC-DC connection allows the storage system to capture the DC output from the PV
modules that may have otherwise been clipped by the inverters. Further study beyond the scope of this
assessment would be required to determine the best electrical design for a particular application or site,
but at this level of study, the capital costs provided are expected to be suitable for either AC or DC

coupled systems.

Capital costs are show as add-on costs, broken out as project and owner’s costs. These represent the
additional capital above the PV base cost, intended to capture modest savings to account for shared
system costs such as transformer(s) and switchgear. In addition, overlapping owner costs are eliminated
or reduced. Finally, a line for O&M add-on costs is also included which can be added with the base PV
O&M costs to determine overall facility O&M.

As with the Li-Ion battery options, the co-located storage option assumes an operation profile of one

cycle per day, which is used for calculating the O&M costs.
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4.0 ON-SHORE WIND

41 Wind Energy General Description
Wind turbines convert the kinetic energy of wind into mechanical energy, which can be used to generate
electrical energy that is supplied to the grid. Wind turbine energy conversion is a mature technology and

is generally grouped into two types of configurations:

*  Vertical-axis wind turbines, with the axis of rotation perpendicular to the ground.

* Horizontal-axis wind turbines, with the axis of rotation parallel to the ground.

Over 95 percent of turbines over 100 kW are horizontal-axis. Subsystems for either configuration
typically include the following: a blade/rotor assembly to convert the energy in the wind to rotational
shaft energy; a drive train, usually including a gearbox and a generator; a tower that supports the rotor and
drive train; and other equipment, including controls, electrical cables, ground support equipment and

interconnection equipment.

Wind turbine capacity is directly related to wind speed and equipment size, particularly to the rotor/blade
diameter. The power generated by a turbine is proportional to the cube of the prevailing wind, that is, if
the wind speed doubles, the available power will increase by a factor of eight. Because of this

relationship, proper siting of turbines at locations with the highest possible average wind speeds is vital.

Appendix D: Wind Performance Information includes NREL wind resource maps for Idaho, Oregon,

Utah, Washington, and Wyoming with the locations of interest marked as provided by Owner.

4.2 Wind Performance

This Assessment includes 200 MW onshore wind generating facilities in Idaho, Oregon, Utah,
Washington, and Wyoming service areas. BMcD relied on publicly available data and proprietary
computational programs to complete the net capacity factor characterization. Generic project locations

were selected within the area specified by Owner.

The Vestas V150-4.0 wind turbine model were assumed for this analysis. The respective nameplate
capacity, rotor diameter, and a hub height are provided in the Table 4-1. The maximum tip height of this
package is under 500 feet, which means there are less likely to be conflicts with the Federal Aviation
Administration (FAA) altitudes available for general aircraft. A generic power curve at standard
atmospheric conditions for each of the sites was assumed for the V150-4.0. Note that this turbine is

intended only to be representative of a typical International Electrotechnical Commission wind turbine.
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Because this analysis assumes generic site locations, the turbine selection is not optimized for a specific

location or condition. Actual turbine selection requires further site-specific analysis.

Table 4-1: Summary of Wind Turbine Model Information

Vestas V150-4.0

Name Plate Capacity, MW 4.0
Rotor Diameter, meters 150
Hub Height, meters 105

Using the NREL wind resource maps, the mean annual hub height wind speed at each potential project
location was estimated and then extrapolated using the wind profile power law for the appropriate hub
height to determine a representative wind speed. Using a Rayleigh distribution and power curve for the
turbine technology described above, a gross annual capacity factor (GCF) was subsequently estimated for

each site for both turbine types.

Annual losses for a wind energy facility were estimated at approximately 17 percent, which is a common
assumption for screening level estimates in the wind industry. This loss factor was applied to the gross
capacity factor estimates to derive a net annual capacity factor (NCF) for each potential site. Ideally, a
utility-scale generation project should have an NCF of 30 percent or better. The NCF estimates for the
PacifiCorp service areas are shown in the Summary Tables and represent an average of the two evaluated

technologies.

4.3 Wind Cost Estimate

The wind energy cost estimate is shown in the Summary Tables. A typical cash flow for a wind project is
included in Appendix F: Generation Cash Flows. Cost estimates assume an EPC project plus typical
Owner’s costs. Costs are based on a 200 MW plant with 4.0 MW turbines (50 total turbines) and 105-
meter hub heights.

*  Equipment and construction costs are broken down into subcategories per PacifiCorp’s request.
These breakouts represent the general scale of a 200 MW wind project but are not intended to
indicate the expected scope for a specific site.

*  The EPC scope includes a GSU transformer for interconnection at 161 kV.
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* Land costs are excluded from the EPC and Owner’s cost. For the 2020 Study, it is assumed that
land is leased, and those costs are incorporated into the O&M estimate. Cost estimates also
exclude escalation, interest during construction, financing fees, off-site infrastructure, and
transmission.

Demolition costs shown on the IRP Input Table are meant to represent the efforts to return the project site
back to native conditions (i.e. re-grading the site to achieve suitable drainage and seeding disturbed areas
consistent with surrounding areas). This includes the decommissioning and demolition of all wind
turbines as well as the associated infrastructure (i.e. buildings, turbine foundations, access roads,
transmission lines, etc.). Also included is the transportation cost associated with moving the turbines off-
site to recycling or landfill locations. Demolishing turbine blades can be a difficult as they are made of
tough resin and fiberglass. One method of decommissioning is to cut the blades up into 3 or more parts to
make them easier to transport to landfills. Another method involves grinding the blades into small pellets
that can used for decking, pallets, and piping. Along with PV and li-ion storage, wind turbines contain
valuable components such as steel, copper, and other metals that ideally can be resold as part of the

recycling process.

44 Wind Energy O&M Estimates
O&M costs in the Summary Tables are derived from in-house information based on BMcD project
experience and vendor information. Wind O&M costs are modeled as fixed O&M, including all typical

operating expenses including:

* Labor costs

*  Turbine O&M

*  BOP O&M and other fixed costs (G&A, insurance, environmental costs, etc.)
*  Property taxes

* Land lease payments

A summary of the suggested planned maintenance activities for a utility-scale wind energy facility are
presented in Table 4-2 below. These represent the minimum activities that Burns & McDonnell suggests
to be performed on a recurring basis and represent a minimum standard of performance if high
availability and/or extended useful life are required. For the avoidance of doubt, the frequencies noted in
Table 4-2 represent a minimum recurrence interval; trending results, condition-based monitoring data,

supplier recommendations, or other similar items may necessitate more frequent planned maintenance.
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Table 4-2: Minimum Wind Farm Planned Maintenance Activities

Component Activity Min, Frequency
Visual inspection of exterior components .
Semi-annual
(e.g., nacelle, tower, blades)
Tower weld inspections 3-year rotation
External paint touch-up As required
General , - -
Fastener inspections and re-torque J-year rotation
Condition monitoring system set-point review Annual
Supplier-recommended semi-annual maintenance Semi-annual
Monitoring via SCADA 24/7
Visual inspection of internal components Per supplier manuals
Functional tests of major components Per supplier manuals
Gearbox borescope inspections 3-year rotation
Gearbox o1l sampling and trending Annual
Nacelle Gearbox oil and filter replacement Per supplier manuals
Bearing grease sampling and trending .
s b . PIng . = . Per supplier manuals
(e.g., main bearing, yvaw bearings, blade bearings)
Lubrication flush and filter replacement Per supplier manuals
Inspection of emergency equipment Annual
P gency equip
Visual inspection of exterior components .
) , . . . Semi-annual
Foundations (including bolts, nuts, washers, concrete, and surroundings)
Re-application of anti-corrosion protective coating As required
Visual inspection of infrastructure
. . . Annual
(e.g., roads, collection routes, gen-tie routes, substation)
Visual inspection of electrical equipment .
: Semi-annual
(e.g., transformers, breakers)
Maintain drainage away from foundations / structures As required
Transformer oil testing and trending Annual
BOP - . -
Infrared scanning on all transformers Annual
De-energized substation maintenance 3 years
Revenue meter test / calibration Semi-annual
Visual inspection of met towers
. . ) Annual
{including tower, instruments, and guys)
Met tower instrument calibration Bi-annual

An allowance for capital replacement costs is not included within the annual O&M estimate in the
Summary Table. A capital expenditures budget for a wind farm is generally a reserve that is funded over

the life of the project that is dedicated to major component failures. An adequate capital expenditures
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budget is important for the long-term viability of the project, as major component failures are expected to

occur, particularly as the facility ages.

If a capital replacement allowance is desired for planning purposes, Table 4-3 shows indicative budget
expectations as a percentage of the total operating cost. As with operating expenses, however, these costs
can vary with the type, size, or age of the facility, and project-specific considerations may justify

deviations in the budgeted amounts.

Table 4-3: Summary of Indicative Capital Expenditures Budget by Year

Operational Years |Capital Expenditure Budget
0-2 None (warranty)
3-5 3% — 5%
6-10 5% —10%
11-20 10% — 15%
21-30 15% —20%
31-40 20% —25%

4.5 Wind Energy Production Tax Credit
Tax credits such as the production tax credit (PTC) and investment tax credit (ITC) are not factored into
the cost or O&M estimates in this Assessment, but an overview of the PTC is included below for

reference.

To incentivize wind energy development, the PTC for wind was first included in the Energy Policy Act of
1992. 1t began as a $15/MWh production credit and has since been adjusted for inflation, currently worth
approximately $25/MWh.

The PTC is awarded annually for the first 10 years of a wind facility’s operation. Unlike the ITC that is
common in the solar industry, there is no upfront incentive to offset capital costs. The PTC value is
calculated by multiplying the $/MWh credit times the total energy sold during a given tax year. At the end
of the tax year, the total value of the PTC is applied to reduce or eliminate taxes that the owners would
normally owe. If the PTC value is greater than the annual tax bill, the excess credits can potentially go

unused unless the owner has a suitable tax equity partner.
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Since 1992, the changing PTC expiration/phaseout schedules have directly impacted market fluctuations,
driving wind industry expansions and contractions. The PTC is currently available for projects that begin
construction by the end of 2020, but with a phaseout schedule that began in 2017. Projects that started

construction in 2015 and 2016 will receive the full value of the PTC, but those that start(ed) construction

in later years received reduced credits:

e 2017: 80% of the full PTC value
e 2018: 60% of the full PTC value
*  2019: 40% of the full PTC value
* 2020: 40% of the full PTC value (extended through Dec 31%, 2020)

To avoid receiving a reduction in the PTC, a “Safe Harbor” clause allowed for developers to avoid the
reduction through an upfront investment in wind turbines by the end of 2016. The Safe Harbor clause
allowed for wind projects to be considered as having begun construction by the end of the year if a

minimum of 5% of the project’s total capital cost was incurred before January 1%, 2017.

Many wind farms were planned for construction and operation when it was assumed they would receive
100% of the PTC. However, with the reduction in the PTC, some of these projects are no longer
financially viable for developers to operate. This may result in renegotiated or canceled PPAs, or transfers

to utilities for operation.

4.6 Wind Plus Storage

The wind plus storage options combine the wind technology discussed in section 4.0 with the lithium ion
batteries described in section 9.0. The battery storage size is set at approximately 50% of the total
nominal output of the base solar options, with four hours of storage duration. The storage system is
assumed to be electrically coupled to the wind system on the AC side, meaning the storage system has its

own inverter.

Capital costs are shown as add-on costs, broken out as project and owner’s costs. These represent the
additional capital above the wind base cost, intended to capture modest savings to account for shared
system costs such as transformer(s) and switchgear. In addition, overlapping owner costs are eliminated
or reduced. Finally, a line for O&M add-on costs is also included which can be added to the base wind
O&M costs to determine overall facility O&M. As with the Li-lon battery options, the co-located storage

option assumes an operation profile of one cycle per day, which is used for calculating the O&M costs.
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5.0 PUMPED HYDRO ENERGY STORAGE

5.1 General Description

Pumped-hydro Energy Storage (PHES) offers a way of storing off peak generation that can be dispatched
during peak demand hours. This is accomplished using a reversable pump-turbine generator-motor where
water is pumped from a lower reservoir to an upper reservoir using surplus off-peak electrical power.
Energy is then recaptured by releasing the water back through the turbine to the lower reservoir during
peak demand. To utilize PHES, locations need to be identified that have suitable geography near high-

voltage transmission lines.

PHES provides the ability to optimize the system for satisfying monthly or even seasonal energy needs
and PHES can provide spinning reserve capacity with its rapid ramp-up capability. Energy stored off-
peak and delivered on-peak can help reduce on-peak prices and is therefore beneficial to consumers.
PHES is well suited for markets where there is a high spread in day-time and night-time energy costs,
such that water can be pumped at a low cost and used to generate energy when costs are considerably

higher.

PHES also has the ability to reduce cycling of existing generation plants. Additionally, PHES has a direct
benefit to renewable resources as it is able to absorb excess energy that otherwise would need to be
curtailed due to transmission constraints. This could increase the percentage of power generated by clean

technologies and delivered during peak hours.

5.2 PHES Cost Estimate

The PHES cost estimate was based on information provided by developers with limited scope definition.
The costs were aligned as closely as possible based on the information provided. The reason information
from developers was used versus using a generic site for PHES is due to the significant importance of
geographical location for this type of energy storage. The cost estimate is shown in the Summary Tables.

PHES can see life cycle benefits as their high capital cost is offset by long lifespan of assets.
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6.0 COMPRESSED AIR ENERGY STORAGE

6.1  General Description

Compressed air energy storage (CAES) offers a way of storing off peak generation that can be dispatched
during peak demand hours. CAES is a proven, utility-scale energy storage technology that has been in
operation globally for over 30 years. CAES has two primary application methods: diabatic and adiabatic.
To utilize CAES, the project needs a suitable storage site, either a salt cavern or mined hard-rock cavern.
Salt caverns are the most preferred due to the low cavern construction costs, however mined hard-rock
caverns are now a viable option in areas that do not have salt formations with the use of hydrostatic
compensation to increase energy storage density and reduce the cavern volume required. CAES facilities
use off-peak electricity to power a compressor train that compresses air into an underground reservoir at
approximately 850 psig. Energy is then recaptured by releasing the compressed air, heating it, and

generating power as the heated air travels through an expander.

6.1.1 Diabatic CAES

The difference between diabatic and adiabatic compressed air energy storage is in the method that the air
is heated during generation. Diabatic CAES uses natural gas firing during generation via a gas turbine
expansion train. Expansion train technology is also currently allowing for 30% H2 co-firing today and
there are plans to develop the technology to support 100% H2. Round-trip efficiencies for diabatic CAES
plants account for the energy input of the compressors as well as the energy input of the gas turbine. The
energy input of the compressors is a design choice that will be made to balance cost and benefit. The
round-trip efficiencies represented in this technology assessment are the efficiencies that can be reached
at the cost that is shown. The heat input of the gas turbine during generation takes into account the heat
rate of the turbine. The total energy output of the CAES plant is divided by the combination of these two
figures (compressor energy and natural gas heat input) to calculate the round-trip efficiency. There have
been two commercial CAES plants built and operated in the world. The first plant began commercial
operations in 1978 and was installed near Huntorf, Germany. This 290 MW facility included major
equipment by Brown, Boveri, and Company (BBC). The second is located near McIntosh, Alabama and
is currently owned and operated by PowerSouth (originally by Alabama Electric Cooperative). This 110
MW facility began commercial operations in 1991 and employs Dresser Rand (DR) equipment. BMcD
served as the Owner’s engineer for this project. Diabatic CAES was removed from the evaluated options

due to a shift in focus from developers to adiabatic CAES, which offers zero emissions storage.
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6.1.2 Adiabatic CAES

A second application of compressed air energy storage is adiabatic, which uses no natural gas firing. Heat
is recovered in a Thermal Energy Storage (TES) system while air is being compressed and this energy is
released to heat the air during expansion and generation. During compression, air temperatures can reach
up to 1000°F. The use of a TES (with oil, molten salt, etc..) to capture and release this heat allows the
adiabatic CAES technology to work free of any fuel. This trait can decrease operating and construction
costs. The absence of a gas turbine makes the calculation for round-trip efficiency the total energy output
of the plant divided by the energy input of the compressors. Again, the size and energy requirements of
the compressors is a design choice and the efficiencies represented in the technology assessment table are
in conjunction with the costs also represented for each option. This technology is currently in service or in

construction at 3 plants in Canada and Australia that total 25 MWh of storage capacity.

6.2 CAES Cost Estimates

The CAES cost estimates are shown in the Summary Tables. The costs were developed using generic
Siemens and Hydrostor information that includes the power island, balance of plant and reservoir. Cost

estimates assume an EPC project plus typical Owner’s costs.

6.3 CAES Emissions Control

A Selective Catalytic Reduction (SCR) system is utilized in the diabatic CAES design along with
demineralized water injection in the combustor to achieve NOx emissions of 2 parts per million,
volumetric dry (ppmvd). A carbon monoxide (CO) catalyst is also used to control CO emissions to 2

ppmvd at the exit of the stack.

The use of an SCR and a CO catalyst requires additional site infrastructure. An SCR system injects
ammonia into the exhaust gas to absorb and react with the exhaust gas to strip out NOx. This requires
onsite ammonia storage and provisions for ammonia unloading and transfer. Adiabatic CAES is an

emissions-free operation and does not require an emissions control system.
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7.0 LIQUID AIR ENERGY STORAGE

7.1  General Description

Liquid air energy storage (LAES) uses electricity to drive a compression/refrigeration system that cools
ambient air to approximately -320 °F, at which point it becomes a liquid. Liquefying air is advantageous
because it achieves a volume reduction of approximately 700:1, meaning that large quantities of air can
be stored in a significantly smaller volume. The liquid air is stored is until it is ready for use. Energy is
then recaptured by re-vaporizing the liquid air and generating power as the heated air travels through a
series of heat exchangers and expanders. The overall system is optimized by taking advantage of waste

heat and “waste cold” in the process to reduce the amount of power required to liquefy the air.

LAES is a relatively new application in the energy storage market, however, the major equipment
components and technologies used to liquefy, store, and re-vaporize the air have been widely used in
many other industry applications for decades. Highview Power is one of the major LAES technology
licensors in the market, having completed a LAES pilot plant in Heathrow, UK in 2011. This operational
facility uses 350 kW to liquefy the air and provides 2.5 MWh of energy storage.

One of the major similarities between LAES and CAES is that the LAES technology also offers the
ability to take advantage of off-peak power to charge the system that can then be later discharged during

peak demand hours as described in Section 6.1.

Another similarity LAES shares with adiabatic CAES is a zero emissions process. When coupled with a
renewable energy source to provide power for the system, LAES is considered a completely green
technology, meaning that it does not have any emissions associated with the process. The system utilizes
motor-driven equipment, as opposed to a gas turbine, for the main air compressors and other auxiliary
equipment, so there are no emissions generated from combustion. Additionally, there are no hydrocarbons

used in the process at all — only air — so fugitive emissions are also non-existent.

The LAES technology can be broken down into three (3) major systems; system charging (air
liquefaction), energy storage (liquid air storage), and system discharge (power generation). Each of these
systems are relatively independent of one another and therefore can be designed for different amounts of
capacity, depending on the specific application and use case. For example, the charging section of the
facility (air liquefaction) could be designed to produce liquid air at a rate sufficient enough to utilize any
excess energy generated from renewable sources that otherwise would need to be curtailed due to
transmission constraints. However, the discharge system could be designed to generate power at the rate

required to meet the demand during peak times; this rate may or may not be the same as the charging rate.
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The number of hours of available storage can be easily modified by adding additional liquid air storage

tanks.

The following sections describe each of these three systems in more detail.
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711 System Charging — Air Liquefaction

Ambient air is used as the source of air for the process. The air is sent through a series of compressors and
heat exchangers to increase the pressure from atmospheric to approximately 850 psig. This initial air
compression requires the largest amount of power usage for the entire process; there are other users

within the process, but they are significantly smaller the main air compressor.

Contaminants in the air such as carbon dioxide, water, and particulates must be removed prior to the
liquefaction process. Carbon dioxide and water will freeze at the cryogenic temperatures and could clog
the piping, valves, or equipment. The air flows through a set of molecular-sieve beds that adsorb the water
and CO; from the air — this technology is very similar to the process used in liquefied natural gas (LNG)

facilities. Once saturated, the molecular-sieve is regenerated with dry air and ready to be used again.

A common process used to liquefy air is the Claude cycle. In the Claude cycle, the air acts as the process
fluid to be cooled as well as the refrigerant. The high pressure air is let-down across an expander and/or
valve to low pressure. This rapid reduction in pressure creates a cooling effect, known the Joule-
Thompson (JT) effect, and a portion of the air becomes the liquid air product. Any air that is not liquefied
is used as a refrigerant to further cool the system and is recycled to go through the process again. This is a

well-known and widely industry-recognized process for liquefying air.

7.1.2  Energy Storage - Liquid Air Storage

Once the air is liquefied, it must be stored until ready for use. A benefit that LAES provides over CAES is
that a specialized storage site, such as a salt cavern, is not required. Liquid air is stored in field-erected,
insulated, cryogenic, storage tanks. These tanks are very similar to the storage tanks used to store other
cryogenic liquids (such as liquid nitrogen or liquefied natural gas) and are widely utilized the in the oil,
gas, and chemicals industry. By not depending on the geological formations of the site for storage, LAES

facilities can be built in any location in which sufficient space is available.

Although the tanks are very well insulated, there will be some amount of the liquid air that “boils-off” as
the system sits stagnant. Fortunately, since the contents of the storage system are only air (nitrogen,
oxygen, argon, etc.), this “boil-off” vapor can be vented directly to atmosphere with no additional

handling equipment required.

Depending on the amount of storage duration desired (i.e. hours of storage), the volume and quantities of
storage tanks can be modified. Additional storage duration requires additional storage volume. When

determining the size/capacity of the charging system, it is important to consider how long it will take to
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fill the storage tanks. If the charging duration is too long, it may be advantageous to increase the charging

system capacity.

7.1.3  System Discharge — Power Generation

When ready to use to generate power, the liquid air is pumped from the storage tanks to a heat exchanger
in which it is re-vaporized. The warm air then flows through series of heat exchangers and expanders,
similar to CAES, in order to generate power via the expander. The rate in which power is generated is
determined by the pumping capacity and the expander capacity. The higher discharge rate required, the

larger the expander required.

Once the air is fully expanded, it is released back into the atmosphere.
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8.0 GRAVITY ENERGY STORAGE

8.1  General Description

Gravity energy storage (GES) offers a technique of storing off peak generation that can be dispatched
during peak demand hours. Like Pumped Hydro Storage, GES takes advantage of kinetic and potential
energy via mass transfer between different elevations. This developing storage technology presents
unique advantages in performance with round-trip efficiencies of approximately 80-90%. GES’s largest
competing technology is pumped-hydro storage due to similarities in fundamental design. However, GES
has little to no site restrictions and can be integrated into any high voltage transmission grid while
maintaining an insignificant environmental impact over the storage system’s lifespan. Currently, storage
capabilities range from 6-14 hours. In addition, gravity storage caries a small land footprint per kWh, thus

increasing storage capability per acre.

GES technology is currently in small-scale international operation but is not yet available on a
commercial scale. However, due to the growing global demand for large-scale storage options, there is
burgeoning interest in the use of GES as a commercial storage solution. CapEx for GES depends on the
design of the system and is customizable to balance the economic and performance goals of the project.
GES has a large upfront capital cost but does not require as much ongoing CapEx throughout the life of
the project due to minimal degradation. The future success of GES systems will depend on their ability to

compete with other emerging energy storage methods in the long term.

8.1.1 Vertical Shaft Gravity Energy Storage

Vertical shaft (VS) GES systems consist of a shaft of large diameter, a piston, and other common
operational components such as a pump-turbine, generator, etc. The water that fills the large shaft below
the piston serves as a medium for energy transfer. The system operates on the simple function of pumping
water to hydraulically lift a piston fitted within the large shaft. The steel piston is filled with reinforced
rock and concrete materials. A reversible pump-turbine essentially creates a closed-circuit and converts
grid power to potential energy by pumping water into the large shaft to raise the piston. During peak
demand, the stored potential energy can be converted back into electrical energy by the descending piston
that then allows the water under pressure to transfer back through the turbine, and ultimately back onto

the grid.

In 2013 a Santa Barbara, California based company, Gravity Power, planned to construct its first
commercial GES demonstration in Penzberg, Germany designed with a power shaft depth of 500-m and a

30-m diameter. These parameters produce an equivalence of 160 MWh (40 MW for 4 hours of bulk
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energy storage and requires a power consumption of 40 MW for a charge time of approximately 5 hours).
This project is expected to have a lifetime of at least 50 years. The total cost estimate of this system was
estimated at $1,100/kWh or $4,400 kW. Because general planning for a GES can take 2+ years with an
additional 3-4 years of construction, this GES project is expected to be operational within the next few

years.

8.1.2 Crane-Lift Gravity Energy Storage

A second application of GES employs the elevation of rock or concrete masses by crane to create a tower
where potential energy is stored via elevation gain. Electric motors power the lifting of blocks to various
levels that then create a tower. The total allowable energy storage is relative to tower height mass of the
blocks, and the quantity of the blocks that can fit under the cranes. Energy from the grid is used to lift
blocks and during hours of peak demand, energy is returned to the grid when the cranes lower the blocks.
The force of gravity pulls the blocks downward, maintaining a constant speed of descent which creates
kinetic energy that is converted to electrical energy by turning the electric generator. Since the mass of the
blocks affects the CapEx of the cranes, the most cost effective way to increase power and energy capacity

for this system is to increase the height of the tower and the velocity at which the blocks descend.

Energy Vault, a Swiss-based company specializing in utility-scale gravity-based energy storage, partnered
with Indian energy provider, Tata Power, to deploy a 35-MW system in 2018. Energy Vault has
developed a six-arm crane with capability to lift 35T (5,000 concrete blocks) to a height of ~30 stories.
The system holds a round-trip efficiency between 80-90%. The storage system’s capability maintains
ranges of 20-35-80 MWh storage capacity and a 4-8MW of power discharge for 8-16 hours. A 30+ year
lifespan is expected for this size GES system. Though this system is small-scale when considering the
possible capabilities of its technology, its appeal has propelled Energy Vault and other companies to push
the boundaries of crane-lift GES systems. This GES system may be more commonly utilized in the
coming years due to large storage capacities, efficiency, low O&M costs, and sparse site restrictions.
However, the technology is new, and the concern of its ability to compete with other new storage

proposals produced in the long term remains.
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8.1.3  Rail Energy Storage

Rail energy storage (RES) similarly takes advantage of potential energy to store and kinetic energy to
discharge energy like Pumped Hydro Storage and the other GES technologies, with a simpler approach
and less infrastructure. RES does not require water as a working fluid like pumped hydro and does not
involve intensive extraction of materials during the construction process. RES has the potential to have
lower CapEx and O&M expenses than other current energy storage options in certain topographical areas.
RES storage facilities perform at approximately 80% round-trip operating efficiency while continuously

delivering energy for up to 8 hours.

This storage solution utilizes rail cars that haul large masses (typically concrete or rock masses) back and
forth between storage yards to store excess energy in times of low demand and easily disperse that energy
during peak demand. RES uses surplus electrical energy from nearby renewable plants to power the
increase in elevation of rail cars during hours of low demand, which creates potential energy. During
hours of peak demand, the rail cars descend back downhill via gravity. This process converts the stored
potential energy back into kinetic energy through regenerative braking, a technology commonly seen in
electric vehicles. Regenerative braking utilizes the motor as a generator and converts lost kinetic energy

from deceleration back into electrical that can be returned to the grid.

In April of 2016, Advanced Rail Energy Storage (ARES), a Santa-Barbara, California based energy
startup had its first commercial-scale project approved on behalf of the Bureau of Land Management. The
small-scale project, called ARES Nevada, planned for development on ~100 acres of public land near
Pahrump, Nevada, has a 50-MW power capacity and can produce 12.5 MWh of energy. The estimated
cost of the project is $55 million (at approximately $4,400/kWh) with an expected lifespan of 40 years.
Though the project was scheduled to be in operation by late 2019 to early 2020, its success is still in
question as it has not been in commercial use for an extended period. ARES is currently working on new
designs to enable the storage system to perform on much steeper slopes along shorter distances which

would allow the technology to be operable in more densely populated regions.
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9.0 BATTERY STORAGE TECHNOLOGY

This Assessment includes standalone battery options for both lithium ion (Li-lon) and flow battery
technologies. Li-Ion options included 1 MW output with 30-minute, 1-hour, 4-hour, and 8-hour storage
capacities as well as a 50 MW option with 4-hours of storage. A 1 MW, 1-hour, 4-hour, and 8-hour flow
cell battery options were also included, along with a 20MW, 8-hour option. Additionally, the solar and
wind summary tables include optional costs for adding Li-lon battery capacity of 50% of the nominal

renewable output to the site with 4-hours of storage.

9.1 General Description

Electrochemical energy storage systems utilize chemical reactions within a battery cell to facilitate
electron flow, converting electrical energy to chemical energy when charging and generating an electric
current when discharged. Electrochemical technology is continually developing as one of the leading
energy storage and load following technologies due to its modularity, ease of installation and operation,
and relative design maturity. Development of electrochemical batteries has shifted into three categories,

29 ¢¢

commonly termed “flow,” “conventional,” and “high temperature” battery designs. Each battery type has

unique features yielding specific advantages compared to one another.

9.1.1 Flow Batteries

Vanadium Redox batteries (VRB) and Zinc-Bromide (ZnBr) batteries are representative of commercially
available flow battery technologies, but other technologies, such as iron flow batteries, are also available.
Generally, flow batteries have lower round-trip efficiencies than Li-Ion batteries, however their
theoretical performance does not degrade. This allows flow batteries to exhibit longer life spans than Li-

Ion batteries without augmentation.

Developed in the early 1990°s by the University of New South Wales in Australia, VRBs employ a two
tank, two pump system that contains vanadium-based electrolyte solutions on each side. Electrons are
passed between the two solutions via an ion-permeable membrane to charge and discharge the battery.
VRBs may be attractive for grid-scale applications due to their long lifetime and potential to scale power
and energy capacity independently as needed for a given application. However, commercially available
VRBs are generally modular in design, so the electrolyte volumes and discharge durations are limited by
the form factor. As products and markets develop further, decoupled designs may arrive with greater
design flexibility. The vanadium in the electrolyte does not degrade, so it can be reused/recycled after the

useful life of the battery.
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Zinc-Bromide batteries were developed in the 1970°s by Exxon and are often referred to as “hybrid” flow
batteries. ZnBr batteries use pumped liquid electrolyte in a single pump, single tank system. During
charging, energy is stored by plating electrode surfaces with zinc. Discharging causes the zinc to oxidize
and dissolve into the aqueous solution, which releases electrons to do work in the external circuit. The
capacity of ZnBr batteries (and other plating style technologies) is dependent on electrode area as well as
electrolyte volume. Commercially available units are modular designs with fixed power and energy

ratings

9.1.2 Conventional Batteries

A conventional battery contains a cathodic and an anodic electrode and an electrolyte sealed within a cell
container that can be connected in series to increase overall facility storage and output. During charging,
the electrolyte is ionized such that when discharged, a reduction-oxidation reaction occurs, which forces
electrons to migrate from the anode to the cathode thereby generating electric current. Batteries are
designated by the electrochemicals utilized within the cell; the most popular conventional batteries are

lead acid and Li-lon type batteries.

Lead acid batteries are the most mature and commercially accessible battery technology, as their design
has undergone considerable development since conceptualized in the late 1800s. The Department of
Energy (DOE) estimates there is approximately 110 MW of lead acid battery storage currently installed
worldwide. Although lead acid batteries require relatively low capital cost, this technology also has
inherently high maintenance costs and handling issues associated with toxicity, as well as low energy
density (yields higher land and civil work requirements). Lead acid batteries also have a relatively short

life cycle at 5 to 10 years, especially when used in high cycling applications.

Li-Ion batteries contain graphite and metal-oxide electrodes and lithium ions dissolved within an organic
electrolyte. The movement of lithium ions during cell charge and discharge generates current. Li-Ion
technology has seen a resurgence of development in recent years due to its high energy density, low self-
discharge, and cycling tolerance. Many Li-lon manufacturers currently offer 20-year warranties or
performance guarantees. Consequently, Li- Ion has gained traction in several markets including the utility

and automotive industries.

Li-Ion battery prices are trending downward, and continued development and investment by
manufacturers are expected to further reduce production costs. While there is still a wide range of project
cost expectations due to market uncertainty, Li-Ion batteries are anticipated to expand their reach in the

utility market sector.

PacifiCorp 9-3 Burns & McDonnell



2020 Renewable Resources Assessment Revision 1 Battery Storage Technology

9.1.3 High Temperature Batteries

High temperature batteries operate similarly to conventional batteries, but they utilize molten salt
electrodes and carry the added advantage that high temperature operation can yield heat for other
applications simultaneously. The technology is considered mature with ongoing commercial development
at the grid level. The most popular and technically developed high temperature option is the Sodium
Sulfur (NaS) battery. Japan-based NGK Insulators, the largest NaS battery manufacturer, installed a 4
MW system in Presidio, Texas in 2010 following operation of systems totaling more than 160 MW since

the project’s inception in the 1980s.

The NaS battery is typically a hermetically sealed cell that consists of a molten sulfur electrolyte at the
cathode and molten sodium electrolyte at the anode, separated by a Beta-alumina ceramic membrane and
enclosed in an aluminum casing. The membrane is selectively permeable only to positive sodium ions,
which are created from the oxidation of sodium metal and pass through to combine with sulfur resulting
in the formation of sodium polysulfides. As power is supplied to the battery in charging, the sodium ions
are dissociated from the polysulfides and forced back through the membrane to re-form elemental
sodium. The melting points of sodium and sulfur are approximately 98°C and 113°C, respectively. To
maintain the electrolytes in liquid form and for optimal performance, the NaS battery systems are
typically operated and stored at around 300°C, which results in a higher self-discharge rate of 14 percent
to 18 percent. For this reason, these systems are usually designed for use in high-cycling applications and

longer discharge durations.

NaS systems are expected to have an operable life of around 15 years and are one of the most developed
chemical energy storage technologies. However, unlike other battery types, costs of NaS systems have

historically held, making other options more commercially viable at present.

9.2 Battery Emissions Controls
No emission controls are currently required for battery storage facilities. However, Li-Ion batteries can
release large amounts of gas during a fire event. While not currently an issue, there is potential for

increased scrutiny as more battery systems are placed into service.

9.3 Battery Storage Performance

This assessment includes performance for multiple Li-lon options as well as one flow battery option. Li-
Ion systems can respond in seconds and exhibit excellent ramp rates and round-trip cycle efficiencies.
Because the technology is rapidly advancing, there is uncertainty regarding estimates for cycle life, and

these estimates vary greatly depending on the application and depth of discharge. The systems in this
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Assessment are assumed to perform one full cycle per day, and capacity factors are based on the duration
of full discharge for 365 days. OEMs typically have battery products that are designed to suit different
use-cases such as high power or high energy applications. The power to energy ratio is commonly shown
as a C-ratio (for example, a IMW /4 MWh system would use a 0.25C battery product). However, the 8-
hour battery option is based on a 0.25C system that is sized for twice the power and discharged for eight
hours instead of four. While the technology continues to advance, commercially available, high energy

batteries for utility scale applications are generally 0.25C and above.

Flow batteries are a maturing technology that is well suited for longer discharge durations (>4 hours, for
example). Flow batteries can provide multiple use cases from the same system and they are not expected
to exhibit performance degradation like lithium ion technologies. However, they typically have lower
round trip efficiency than Li-lon batteries. Storage durations are currently limited to commercial offerings
from select vendors but are expected to broaden over the next several years. Performance guarantees of
20 years are expected with successful commercialization, but there is not necessarily a technical reason
that original equipment manufacturer (OEM) and/or balance of plant (BOP) designs could not

accommodate 30+ year life.

9.4 Regulatory Trends

Two (2) Federal Energy Regulatory Commission (FERC) Orders released in 2018 provide clarity on the
role of storage in wholesale markets, and potentially drive continued growth. FERC Order 841 requires
RTOs and ISOs to develop clear rules regulating the participation of energy storage systems in wholesale
energy, capacity, and ancillary services markets. Prior to the final release of FERC 841, the California
Public Utilities Commission introduced 11 rules to determine how multi-use storage products participate
in California Independent System Operator (CAISO). FERC Order 842 addresses requirements for some
generating facilities to provide frequency response, including accommodations for storage technologies.
In addition, the Internal Revenue Service (IRS) is considering new guidance for the ITC that will impact

projects combining storage with renewables.

Tariffs are a popular concern in the solar and storage market. With recent tariffs, uncertainty of how
manufacturing abroad and nationally will be affected has crept into the industry. The “Section 301" tariffs
are comprised of four lists of Chinese products that have been selected for tariffs between 15% and 30%.
Raw materials used to create Li-Ion batteries and solar modules are already impacted by the Section 301
tariffs in affect and were set to increase from 25% to 30% in late Fall 2020 but has since been delayed.

While these tariffs are beginning to increase, manufacturers in China have started to react and move
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production of solar and storage products outside of China to Mexico and India to avoid paying some of

the tariffs.

9.5 Battery Storage Cost Estimate

The estimated costs of the Li-lon and flow battery systems are included in the Summary Tables, based on
BMcD experience and vendor correspondence. The key cost elements of a Li-Ion battery system are the
inverter, the battery cells, the interconnection, and the installation. The capital costs reflect recent trends
for overbuild capacity to account for short term degradation. The battery enclosures include space for
future augmentation, but the costs associated with augmentation are covered in the O&M costs. It is
assumed that land is available at an existing PacifiCorp facility and is therefore excluded from the cost

estimate. These options assume the battery interconnects at medium voltage.

Flow battery estimates for the 1 MW options are based on iron flow battery technology. This is a modular
design in which the OEM scope includes the tanks, electrolyte storage, and associated pumps and controls
in a factory assembled package. The EPC scope includes the inverters, switchgear, MV transformer, and

installation.

Demolition costs are meant to reflect the end of life decommissioning efforts. This includes discharging
the batteries to the greatest extent possible, shutting the system down, final inspections, and physically
disconnecting all electrical equipment. Following this, battery modules will need to be removed from the
racks and placed on pallets for shipment to a recycling facility. Lithium-ion batteries are considered Class
9 hazardous waste and is currently treated like e-waste. Once at the recycling facility, a dissembler will
break the module down into major subcomponents like steel, cells, copper, printed circuit boards, plastics,
etc. The cells are then sent through either a shredding or smelting process to recover valuable metals.
Once the cells go through this process, any remaining waste is not considered hazardous. Battery
recycling costs vary significant depending on chemistry. Cobalt-based battery chemistries have higher
recovery value and because they are more energy dense, typically involve handling less material. In all
cases, the cost of disassembly and freight to the recycling facility is estimated to account for 70-90% of
the total cost for recycling. Estimates, though, can vary significantly depending on metals pricing and

competition in the battery recycling market.

9.6 Battery Storage O&M Cost Estimate
O&M estimates for the Li-lon and flow battery systems are shown in the Summary Tables, based on
BMcD experience and recent market trends. The battery storage system is assumed to be operated

remotely.

PacifiCorp 9-6 Burns & McDonnell



2020 Renewable Resources Assessment Revision 1 Battery Storage Technology

The technical life of a Li-Ion battery project is expected to be 20 years, but battery performance degrades
over time, and this degradation is considered in the system design. Systems can be “overbuilt” by
including additional capacity in the initial installation, and they can also be designed for future
augmentation. Augmentation means that designs account for the addition of future capacity to maintain

guaranteed performance.

Overbuild and augmentation philosophies can vary between projects. Because battery costs are expected
to continue falling, many installers/integrators are aiming for lower initial overbuild percentages to reduce
initial capital costs, which means guarantees and service contracts will require more future augmentation
to maintain capacity. Because costs should be lower in the future, the project economics may favor this
approach. This assessment assumes minimal overbuild beyond system efficiency losses, and the O&M

estimates include allowances for augmentation.

Battery storage O&M costs are modeled to represent the portions of performance guarantees and
augmentation from recent BMcD project experience. The O&M cost for the Li-lon systems include a
nominal fixed cost to administer and maintain the O&M contract with an OEM/integrator, plus an
allowance for calendar degradation fees. Calendar degradation represents performance degradation and
subsequent augmentation expected to occur regardless of the system’s operation profile, even if the
batteries sit unused. Because calendar degradation is not tied to system operation or output, it is modeled

as part of the fixed O&M.

Previously represented as variable O&M, estimates for Li-ion options account for cycling degradation
fees are now also included in the fixed O&M section due to how the industry is now utilizing service
agreements. Cycling the batteries increases performance degradation, so the performance guarantees
provided by the OEM and/or integrator are commonly modeled to account for augmentation based on the
expected operating profile. The augmentation O&M estimates in this assessment are based on an

operation profile of one charge/discharge cycle per day and may not be valid for increased cycling.

Flow battery O&M costs are modeled around an annual service contract from the OEM or a factory
trained third party. Costs are based on correspondence with manufacturers and are subject to change as
the technology achieves greater commercialization and utilization in the utility sector. Unlike Li-Ion
technologies, flow batteries generally do not exhibit calendar or cycle degradation, so there is not an
augmentation O&M component per cycle. There is mechanical equipment that requires service based on

an OEM recommended schedule, which is modeled as a levelized annual cost for the life of the system.
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10.0 CONCLUSIONS

This Renewable Energy Resource Technology Assessment provides information to support PacifiCorp’s
power supply planning efforts. Information provided in this Assessment is screening level in nature and is
intended to highlight indicative, differential costs associated with each technology