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EXECUTIVE SUMMARY

Study Background

In late 2022, Avista Corporation (Avista) selected Applied Energy Group (AEG), Cadeo, and Verdant
Associates (collectively the AEG Team) to perform a Distributed Energy Resource (DER) Potential
Study. The primary objectives of this study are to develop reasonable estimates for new customer
generation, battery energy storage, and electric vehicles on a localized basis within Avista’s
Washington electric service territory and investigate the effects of such DERs in highly impacted or
vulnerable areas. The AEG Team worked closely with Avista staff to ensure the DER Potential study
met these objectives while satisfying the Washington Utilities and Transportation Commission's
condition 14 in approving Avista’s Clean Energy Implementation Plan.! AEG will separately estimate
localized energy efficiency (EE) and demand response (DR) to complete the DER analysis.?

Approach

The team used AdopDER, a Python software application, to forecast the adoption and load impacts
of DERs annually in Avista’s Washington service territory from 2023 through 2045. Specifically,
AdopDER estimated service point-level adoption of DERs and developed hourly load impacts from
those DERs by census block group will help Avista understand which areas of its distribution system
will likely experience DER load growth. Table ES-1 summarizes the DER technologies included in the
forecasts, which are grouped into two major categories: 1) Electric Vehicles (EVs) and Charging, and
2) New Generation and Storage.

Table ES-1. Technologies Included in DER Potential Study

New Generation and

Electric Vehicles and Charging Storage

Light-duty vehicles, battery electric vehicles (LDV BEV) Customer Solar

Customer Battery

Light-duty vehicles, plug-in hybrid electric vehicles (LDV PHEV) Storage

Medium-duty vehicles, battery electric vehicles (MDV BEV) Customer Wind

Heavy-duty vehicles, battery electric vehicles (HDV BEV)

Level 1 electric vehicle supply equipment (L1 EVSE)

Level 2 electric vehicle supply equipment (L2 EVSE)

Direct current fast-charging electric vehicle supply equipment
(DCFC EVSE)

1Washington Utilities and Transportation Commission. Order 01 Approving Clean Energy Implementation Plan Subject to Conditions.
Avista 2021 Clean Energy Implementation Plan List of Conditions. URL:
https://apiproxy.utc.wa.gov/cases/GetDocument?docID=255&year=2021&docketNumber=210628

2 AEG's DER and demand response (DR) potential studies for Avista are concurrent but independent. AEG strived to make the results of
those studies consistent by aligning per-customer impacts and adoption counts for both EVs and Customer Battery Storage units.
However, the DR forecast employs a different methodology, which assumes program participation rates and includes Avista's Idaho service
territory, while the DER forecast includes only Washington. Therefore, the results across the two studies may differ.
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Key Results

Table ES-2 summarizes the DER forecast results in 2045 for the reference scenario. Residential and
fleet EV supply equipment (EVSE) is projected to have the most significant load impacts in Avista’s
Washington service territory, adding nearly 1,700 GWh of energy consumption in 2045. Because most
residential customers charge their EVs in the late evening and night hours, the daily peaks of
residential EVSE are not expected to coincide with Avista’s planning peak hour.

Customer solar dominates new customer generation and is forecasted to reduce delivered loads by
roughly 120 GWh by 2045. While the impact of customer storage load is minimal, nearly 100 MW of
storage capacity will be available by 2045.

Table ES-2. 2045 Results Summary, Reference Scenario

Share of

Nameplate Annual Load Nameplate July Peak December

Resource Capacity Impact Capacityin Load Impact® Peak Load
(MW) (GWh) Named (MW) Impact?® (MW)
Community?3
Customer 105 127 46% 33 0
Solar
Customer
Battery 96 2 58% -3 -9
Storage
Customer
- 0, -
Wind 1 0.3 45% 0.1 0
Residential
0,

EVSE 1,544 853 38% 62 62
Fleet EVSE 692 841 67% 101 105
Public and
Workplace 171 206 60% 33 33
EVSE

a. Theterm “peak” refers to a planning peak beginning at 17:00 and ending at 18:00 local time.

Key Recommendations

This study represents an initial forecast of potential DER adoption in Avista’s Washington electric
service territory, using the best information available during the analysis. As the AEG Team developed
these initial forecasts, we identified specific activities that Avista could undertake to improve the
data available for future DER forecasts, including:

Address Fleet Data Gaps. Finding fleet vehicle data is challenging. Secondary data likely
undercount smaller light-duty vehicle (LDV) fleets. Therefore, the AEG Team recommends that
Avista conduct the following activities:

o Continued outreach to fleet operators. Continue surveying and collaborating with
transit authorities, school districts, and parcel delivery companies in its service territory,
as such outreach will help inform future DER forecasts.

3 “Named Communities” refers to service points located in a highly impacted census tract, a vulnerable census tract, or tribal land. The
team details this definition in Section 2, Project Overview, of this report.
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o Analysis of satellite imagery. Satellite imagery is a low-effort method to determine
commercial and industrial fleet service points. Consider analyzing satellite imagery to
help inform EV fleet forecasting.

o Acquire fleet inventory data. The Washington Department of Ecology is currently
conducting a fleet inventory. Once this data becomes available, the AEG Team
recommends Avista pursue and use it.

Develop Commercial EV Charging Profiles. Limited data are available to characterize EVSE
charging profiles, especially for commercial fleets. The AEG Team recommends that Avista
conduct load research on commercial fleet charging.

Develop Seasonal EV Charging Profiles. The team did not have sufficient data to characterize
seasonal differences in EV charging profiles (kW per hour) and driving patterns (vehicle miles
traveled per day), so we assumed the summer and winter charging profiles are the same in
Avista’s service territory. However, the winter charging profile may be more significant due to
vehicle cabin space heating or smaller because of less driving in the winter. Therefore, we
recommend that Avista conduct load research on seasonal charging.

Conduct Additional Scenario Analyses. The DER adoption forecast analyzed two scenarios: a
reference scenario and a high-incentive scenario. Consider adding additional scenarios to study
the impacts of climate change (e.g., weather, customer grid resiliency) and ancillary services
incentives on DER forecasting.

Integrate the DER and Demand Response (DR) Potential Studies. Some types of DERs, like EV
charging and customer battery storage, can be leveraged in DR events. Therefore, it would benefit
Avista to integrate its DER and DR potential studies to avoid overestimating or underestimating
the combined potential.

Consider Adding Building Electrification. Building electrification and load flexibility can affect
customers' decisions regarding DER installations. Therefore, including building electrification
and associated load control measures (e.g., connected thermostats, heat pump water heater
switches) in future DER potential studies would provide Avista with a more comprehensive
understanding of customer load growth and opportunities to shape it with programs and rates.

Consider Adding Emerging Technologies. Emerging technologies, such as autonomous
vehicles and vehicle-to-grid technologies, can change customer energy consumption patterns.
Therefore, in future DER potential studies, Avista may want to consider emerging technologies as
they become commercially available.
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Distributed Energy Resources Potential Study

1] INTRODUCTION

This introductory section describes the study's purpose, objectives, and the AEG team's approach to
forecasting and estimating the DER potential using two modeling scenarios. It also discusses the
study’s limitations and overall value to Avista.

Background and Objectives

Avista Utilities (Avista) contracted with AEG, with subcontractors Cadeo Group and Verdant
Associates (collectively the AEG Team), to conduct a potential assessment of Distributed Energy
Resources (DERs) in its Washington electric service territory.

Avista’s primary objectives for completing this study include:

Satisfy condition 14* from the Washington Utilities and

Transportation Commission’s (WUTC’s) approval of Avista’s

Clean Energy Implementation Plan (CEIP). CONDITION 14 FROM WUTC

APPROVAL
Develop reasonable estimates for new customer Avista will include a DER potential
generation, storage, and electric vehicles localized within assessment for each distribution feeder
Avista’s WA electric service territory. no later than its 2025 Electric Integrated

Resource Plan (IRP) and gather input
Investigate effects in highly impacted or vulnerable from the IRP Technical Advisory
population areas. Committee (TAC), Energy Efficiency

Advisory Group (EEAG), and Distribution
Utilize a robust forecasting model that can be updated and Planning Advisory Group (DPAG).
enhanced over time. The assessment will include a low-

Document methods, data sources, and inputs and provide income DER potential assessment.

results in a format that Avista can incorporate into other
planning efforts.

Understand DER forecasting
methodologies currently employed by
other utilities.

Engage internal and external stakeholders to get buy-in on
study results.

Value to Avista

In addition to satisfying the WUTC condition, the activities and results associated with this study
provide other valuable insights to Avista:

Informs Avista’s 2025 Electric Integrated Resource Plan (IRP): This study provides a
bottom-up DER potential estimate, grounded in several reliable data sources, for the adoption
and load impact from electric vehicle charging and customer solar photovoltaic (PV) for use in
Avista’s 2025 IRP’s load forecast. Avista will need to plan its future portfolio of energy resources
around these DER technologies.

Informs Distribution Planning Activities: As DER adoption becomes more common, the
team expects it to have disparate impacts across areas of Avista’s electric distribution system.
For instance, the AEG team expects electric vehicle charging to impact the industrial regions of
Spokane County more heavily than other areas of the service territory, and these impacts are

4 Avista will include a Distributed Energy Resources (DERs) potential assessment for each distribution feeder no later than its 2025 electric
IRP. Avista will develop a scope of work for this project no later than the end of 2022, including input from the IRP TAC, EEAG, and DPAG.
The assessment will include a low-income DER potential assessment. Avista will document its DER potential assessment work in the
Company’s 2023 IRP Progress Report in the form of a project plan, including project schedule, interim milestones, and explanations of how
these efforts address WAC 480-100-620(3)(b)(iii) and (iv).

Applied Energy Group, Inc. | www.appliedenergygroup.com 1
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Distributed Energy Resources Potential Study

likely to trigger upgrades to distribution system infrastructure (i.e., service transformers and
feeder lines). The DER Potential Study helps identify the areas on Avista’s distribution system that
will likely experience load growth from DERs over the next decade. For example, the results from
the DER Potential Study will be incorporated into the data assumptions for the 2025-2026 System
Assessment to help identify system deficiencies and proactively propose appropriate corrective
action plans.

Informs Customer Engagement: The AEG team located over 8,000 commercial fleet
vehicles using various data sources to support this study. These data serve a dual purpose. In
addition to identifying locations on Avista’s grid likely to experience significant load growth, they
also give Avista information that it can use to engage with its customers and advance
transportation electrification initiatives with public and private entities. Similarly, Avista can use
the results to engage customers regarding solar and storage programs.

Study Limitations

Like all potential studies, this study has limitations that can affect the interpretation of results and
findings. The primary limitations include:

The Study Only Includes the Most Favorable Generation Technologies. For this study, the team
focused on customer solar and customer wind. Due to their unfavorable economics, the team
considered but did not include other generation technologies (e.g., biomass-fired generation and
combined heat and power).

Individual Customer Behaviors Deviate from “Average” Customer Behavior. This study, like
others, requires hundreds of assumptions concerning service territory averages and other high-
level estimates. Individual customer behaviors, however, will vary from those service territory
averages, and such behavioral information is unavailable for a broad study like this. For example,
the AEG team assumed the average market share of BEVs in transit agency fleets would be 33%
in 2030. Consider two hypothetical fleets where fleet A plans to have a 100% BEV share by 2030,
while fleet B will not electrify until 2032. Because the DER Potential Study uses averages, we
would assume that fleets A and B have the same proportion of BEVs (33%).

Another example of how data gaps can affect the modeling results involves our assumption that
all private MDV and HDV fleets have the same average daily charging profiles. Again, consider two
hypothetical fleets: fleet Ais an MDV fleet that delivers locally and charges overnight, while fleet
B is an HDV fleet that makes long-haul daily charges while loading at the warehouse. This DER
Potential Study assumes that fleets A and B have identical load profiles.

Scenario Analyses are Limited. The analysis includes two scenarios—Reference and High-
Incentive Scenarios—described in Appendix C. The solar and EV markets and the team's
assumptions used to characterize them are incredibly complex. As such, this study focuses on
two plausible future outcomes for DER adoption.

The Study is not a Comprehensive Load Forecast. This study focuses on the load impacts of
adopting DERs across Avista’s distribution system. However, the project scope did not include a
granular load forecast to account for other types of energy loads, such as space heating, lighting,
and industrial production, and how those loads interact with DERs, energy efficiency, and
demand response to get a complete view of the distribution system. As such, Avista will use the
results of this study in tandem with other study results to conduct further analysis on how
incremental DER adoption impacts its distribution system.

Applied Energy Group, Inc. | www.appliedenergygroup.com 2
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Report Organization
The remainder of this report is organized as follows:
Project Overview describes the study's tasks, forecasting approach, and modeling scenarios.

Electric Vehicles: Modeling Scenarios and Results presents detailed electric vehicles and
charging results for the two scenarios.

New Customer Generation and Storage: Modeling Scenarios and Results provides detailed
forecast results for customer-sited solar PV, wind, and battery storage for the two scenarios.

Conclusions summarize key findings and recommendations for Avista to consider in future DER
planning activities.

Appendix A contains a glossary of the acronyms used in this report.

Appendix B discusses the DER forecasting methodologies of priority utilities, including
PacifiCorp, Portland General Electric, Puget Sound Energy, Sacramento Municipal Utility District,
Seattle City Light, and Southern California Edison.

Appendix C details the DER forecasting methodology used by the AEG team to complete this
study.

Appendix D provides examples of Avista’s engagement with DER stakeholders during the
development of this study.

Appendix E provides the EV charging load profiles used in this study and summary tables of the
EV adoption and load impact results from the high-incentive scenario.

Applied Energy Group, Inc. | www.appliedenergygroup.com 3
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2 | PROJECT OVERVIEW

The AEG team performed six discrete tasks to complete this study:

Task 1: Survey Priority Utilities. The AEG team conducted a literature review and interviewed
subject matter experts to characterize other electric utilities' DER forecasting methods. In
collaboration with Avista, we selected six priority utilities to survey, representing Avista’s regional
peers and other leading West Coast utilities with advanced DER programs. The priority utilities are
PacifiCorp, Portland General Electric, Puget Sound Energy, Sacramento Municipal Utility District,
Seattle City Light, and Southern California Edison. The written deliverable from this task—a
memorandum—is included in Appendix B of this report.

Task 2: Develop DER Forecasting Methodology. The AEG team developed a comprehensive plan
for the DER forecasting approach, employing data from Avista and other secondary sources to
forecast DER adoption and load impacts. The DER Forecasting Methodology documentis included in
Appendix C of this report.

Task 3: Forecast the Electric Vehicles and Charging Potential. For this task, the AEG team
followed the methods described in the DER Forecasting Methodology document (Task 2) to
model the adoption and load impact of electric vehicles and charging equipment in Avista’s
Washington service territory through 2045. Section 4 of this report presents the results.

Task 4: Forecast the New Generation and Storage Potential. The AEG team followed the
methods described in the DER Forecasting Methodology document (Task 2) to develop a forecast
of customer-sited solar PV, storage, and wind adoption and the associated load impacts in
Avista’s Washington service territory through 2045. Section 5 of this report presents the results.

Task 5: Present DER Forecast Results to Stakeholders. In March 2024, the AEG team presented
the DER forecast results to stakeholders from Avista’s IRP Technical Advisory Committee (TAC),
Energy Efficiency Advisory Group (EEAG), and Distribution Planning Advisory Group (DPAG). Staff
from the Washington Utilities and Transportation Commission (WUTC) and the Washington State
Department of Commerce also participated in the stakeholder meeting. Appendix D contains the
stakeholder presentation slides and meeting notes. It also summarizes the stakeholder
questions and Avista’s responses.

Task 6: Develop Final Report. This report represents the deliverable of the study's final task. In
addition, the AEG team provided Avista with model input data and a summary of the results of
the modeling activities.

Approach

The study is focused on the distribution system. As such, the AEG team performed the forecast
analysis at a census block group level to help Avista understand at a high level of resolution which
areas of its distribution system are likely to experience DER load growth.

For the modeling analysis, the team used AdopDER, a software application written in Python that was
initially developed with Portland General Electric (PGE) for PGE’s integrated resource planning and
distribution system planning activities. AdopDER estimates service point-level adoption of DERs and
creates long-term, hourly load impacts from those DERs at a granular level across a utility distribution
system. Figure 2-1 illustrates how AdopDER uses a consistent framework to forecast DER adoption

Applied Energy Group, Inc. | www.appliedenergygroup.com 4
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and DER load impacts. Appendix B details the process flow steps and describes the data sources
leveraged for the analysis.®

Input
Development

|
Apply Load Create 8760
Impacts Forecast

DER Updated Site DER
Stock Assessment Load Impact 8760 Forecast

Forecast* Characteristics Eligibility Adoption

Update Time Step

*Repeat with alternate inputs for each scenario

Figure 2-1. Modeling Process Diagram

Table 2-1 summarizes the DER technologies included in the forecast. For each technology, the team
developed a forecast of adoption and load impact for 2023 through 2045 in Avista’s Washington
electric service territory.

Table 2-1. In-Scope DER Technologies

Electric Vehicles and Charging New Generation and Storage

Light-duty vehicles, battery electric
vehicles (LDV BEV)

Light-duty vehicles, plug-in hybrid
electric vehicles (LDV PHEV)

Medium-duty vehicles, battery electric
vehicles (MDV BEV)

Customer Solar

Customer Battery Storage

Customer Wind

Heavy-duty vehicles, battery electric
vehicles (HDV BEV)

Level 1 electric vehicle supply
equipment (L1 EVSE)

Level 1 electric vehicle supply
equipment (L2 EVSE)

Direct current fast-charging electric
vehicle supply equipment (DCFC EVSE)

5 Appendix B contains clarifications and edits to the original document due to data availability and quality.

Applied Energy Group, Inc. | www.appliedenergygroup.com 5
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Named Communities

The AEG team collaborated with Avista to define a
Named Community as any service point for which one
or more of the following is true: 5

e Highly Impacted is in a census tract with a
Washington Department of Health “EHD v2.0
Overall Rank” score of 9 or 10.

e Vulnerable is in a census tract with a
composite score of 9 or 10 in the sensitive
population or socioeconomic subcategories, as
identified by the WA Department of Health’s
Environmental Health Disparities Map.

e Tribal Land is in a tribal land identified by an
Avista-provided GIS shape file.

Moses Lake

The darker-shaded regions of the map in Figure 2-2
indicate the locations of Named Communities in
Avista’s Washington service territory. The lighter-
shaded regions are Non-Named Communities.

Modeling Scenarios

This study examines two scenarios: a reference and a
high-incentive scenario. The two scenarios represent
plausible future outcomes for DER in Avista’s
Washington service territory.

i@ Kennewick

Walla Walla

The reference scenario represents the “most likely”

future outcome and is informed by current trends and  rigyre 2-2. Named Communities Map

the Washington state policy landscape. In it, we

simulate adoption using knowledge of current incentive programs and typical “s-curve” changes in
market share. In other words, under the reference forecast, we do not assume the existence of to-be-
determined future programs, incentives, and interventions that may promote DER adoption, whether
these interventions come from the utility, state, or federal level. Specifically, the reference scenario
uses the following assumptions:

e Residential EV market share follows California’s Advanced Clean Cars Il regulation, with the
Named Community market share adjusted downward.

e Non-residential EV market shares are consistent with those of regional literature review (e.g.,
Washington EV Council, Seattle City Light Electrification Study, Atlas Public Policy
Washington Public Vehicle Electrification Assessment.

e Solar PV and storage adoption follows current market trends, with the adoption rate in Named
Communities being lower than in Non-Named Communities.

The high-incentive scenario represents an alternative future where federal, state, and local policies
incentivize DER adoption in Named Communities. The high-incentive scenario uses the following
assumptions:

e Residential EV market share in Named Communities is the same as in Non-Named
Communities.

Applied Energy Group, Inc. | www.appliedenergygroup.com 6
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e Residential Solar PV and storage adoption rates in Named Communities are the same as in
Non-Named Communities.
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3 | DETAILED RESULTS: ELECTRIC VEHICLES AND
CHARGING

This section describes the detailed forecast results for electric vehicles and charging. Appendix C
discusses the forecasting modeling approach, including data sources and assumptions. Appendix E
provides supplemental electric vehicle data.

Vehicle Adoption

In the reference scenario, the AEG team expects there to be a total of 545,000 vehicles of any fuel
type associated with residential service points in the Avista Washington service territory by 2045, as
illustrated in Figure 3-1. This total includes 346,000 battery electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVs) (64% of the total residential vehicle stock), a substantial increase over the
7,000 existing residential BEVs and PHEVSs. This forecast accounts for Washington State’s aggressive
zero-emission vehicle (ZEV) mandate that all new, light-duty vehicles sold within the state meet ZEV
Program standards by 2035.¢ However, the assumed average vehicle lifetime of 15 years somewhat
tempers the EV growth. In the high-incentive scenario, where we assumed higher incentives for
customers in Named Communities, we forecast an accelerated adoption of BEVs and PHEVs, with
73% of the residential vehicles becoming BEVs and PHEVs by 2045.
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Figure 3-1. Residential Vehicles, Reference Scenario

Figure 3-2 displays the reference scenario's non-residential vehicles (fleet vehicles) by fuel type and
weight class for the 2023 to 2045 timespan. Overall, we forecast 59,000 fleet vehicles by 2045,
including 39,000 light-duty vehicles (LDVs), 20,000 medium-duty (MDVs), and heavy-duty vehicles
(HDVs). Among MDVs and HDVs, the team expects 49% to be BEVs by 2045.7 Within the LDV segment,
we forecast 78% to be BEVs and PHEVs by 2045. In the high-incentive scenario, we assumed identical

6 «Zero Emission Vehicles”, Department of Ecology. Accessed on May 2, 2024. URL: https://ecology.wa.gov/air-climate/reducing-
greenhouse-gas-emissions/zev.

7 The team assumes that MDVs and HDVs will electrify with BEVs only. PHEVs do not have a substantive market share in these weight
classes and are unlikely to achieve a significant market share in the study’s time horizon.
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market shares for fleet vehicles.® Consequently, the two scenarios have the same BEV and PHEV
penetration estimates.
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Figure 3-2. Non-Residential (Fleet) Vehicles, Reference Scenario

Charging Adoption

The BEVs and PHEVs identified in Figure 3-1 and Figure 3-2 form the basis for electric vehicle supply
equipment (EVSE) in Avista’s Washington service territory. We choose to display nameplate capacity
rather than the number of service points because fleet and public EVSE typically have a higher rated
capacity and thus can more significantly impact electric consumption than residential charging.

Figure 3-3 illustrates the forecast estimate for EVSE's nameplate capacity in megawatts (MW) by
customer segment under the reference scenario. Most capacity is associated with residential
customers (1,554 MW), but we expect a substantial fleet (692 MW) and public and workplace
charging (171 MW) capacity, too.

8 The team, after thorough research, determined BEV and PHEV adoption rate impacts for Named Communities relative to Non-named
Communities for residential customers only. Thus, we assumed that the adoption rate of BEV and PHEV for non-residential (fleet)
customers is at parity between Named Communities and Non-named Communities.
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Figure 3-3. 2045 EVSE Megawatt Capacity by Customer Segment, Reference Scenario

Figure 3-4 displays the relative EVSE proportions by type (e.g., L1, L2, and DCFC) in the reference
scenario. L2 will have the most charging capacity (1,923 MW of 2,407 MW total).

DCFC

346 L1

L2
1,923

Figure 3-4. 2045 EVSE Megawatt Capacity by EVSE Type, Reference Scenario

Figure 3-5 shows how EVSE capacity varies by scenario. The high-incentive scenario has
approximately 260 MW incremental EVSE capacity relative to the reference scenario (2,407 MW in the
reference scenario vs. 2,665 MW in the high-incentive scenario) due to greater BEV and PHEV

Applied Energy Group, Inc. | www.appliedenergygroup.com 10
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adoption in the residential sector. The team expects the incremental EVSE capacity in the high-
incentive scenario to occur mainly in Named Communities.

Non-Named
Community
1,273

Non-Named
Community
1,262

Named
Named Community
Community 1,392
1,145

Reference High Incentive

Figure 3-5. 2045 EVSE Megawatt Capacity by Named Community Status and Scenario

Load Impact

Under the reference scenario, Figure 3-6 shows the expected load impact (GWh) from vehicle
electrification in Avista’s Washington service territory. By 2045, the team expects BEVs and PHEVs to
account for approximately 1,900 GWh of electric consumption, an increase of about 1,880 GWh
relative to current electric vehicle consumption. If the load forecast that AEG created for Avista’s
2023 Integrated Resource Plan® holds, this level of vehicle electrification would account for
approximately a third of total electricity consumption® in the Avista Washington service territory by
2045 (i.e., 1,900 GWh divided by 5,800 GWh equals 33%).

° Avista Utilities. 2023 Electric Integrated Resource Plan. Appendix C - AEG Conservation Potential and Demand Response Potential
Assessments. “AEG. Avista Electric Conservation Potential Assessment for 2022-2045.” December 9, 2022. URL:
https://www.myavista.com/-/media/myavista/content-documents/about-us/our-company/irp-documents/2023/appendix-c-cpa-and-dr-
potential-assessments.pdf

0 The team approximated Avista’s 2045 load forecast of 5,800 GWh for Washington service territory in 2045 based on Tables 4-1, 4-3, and
4-5in “Appendix C - AEG Conservation Potential and Response Potential Assessment.” See footnote reference 4.
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Figure 3-6. Annual Charging Load Impact (GWh), Reference Scenario

Table 3-1 shows the 2045 EVSE load impact by scenario. We expect 158 incremental GWh in 2045 in
the high-incentive scenario relative to the reference scenario (2,057 GWh vs. 1,899 GWh). This
increase is due to residential, public, and workplace charging. In the high-incentive scenario, we
expect additional adoption of BEVs and PHEVs in Named Communities, but not every dwelling unit
can accommodate EVSE. Thus, increased public and workplace charging will meet some charging
demand.

Table 3-1. EVSE Load Impact in 2045, by Scenario and Customer Segment

Customer Segment 2045 Load Impact, Reference 2045 Load Impact, High-
g Scenario (GWh) Incentive Scenario (GWh)

Residential 853 978

Non-residential (Public

and Workplace) 206 237

Non-residential (Fleet) 841 841

Total 1,899 2,057

The average daily load in megawatt-hours (MWh) associated with residential and non-residential
EVSE by census block groups across Avista’s Washington service territory is shown in Figure 3-7 and
Figure 3-8, respectively. While the project scope does notinclude an analysis of how EVSE willimpact
the available headroom on specific distribution feeders and substations, certain areas of the
distribution system will be affected more than others. For example, we anticipate that residential
EVSE will typically add less than 10 MWh per day per census block group, with more significant
amounts in the suburban areas surrounding the city of Spokane (Figure 3-7).
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Figure 3-7. Locational Residential EVSE Load Impact in 2045. Washington Service Territory (Left) and Detailed
Spokane Region (Right)

In contrast, we expect non-residential (fleet) charging to be more concentrated in some regions of
the service territory. For example, the AEG team forecasts that census block groups in the industrial
region bounded by Spokane River and Interstate 90 could see upwards of 100 MWh of average daily
energy consumption by 2045 due to fleet and public charging under the reference scenario. (See the
darkest shaded regions in Figure 3-8). Though this load growth will happen over time, our findings
allow Avista to reach out to fleet customers to discuss their electrification plans. This, in turn, will
enable Avista to assess when distribution system upgrades will be required and help shape how and
when customers will charge EV fleets in the future.
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Figure 3-8. Locational Non-Residential EVSE Load Impactin 2045. Washington Service Territory (Left) and Detailed
Spokane Region (Right)

Figure 3-9 illustrates the expected 2045 summer hourly charging profile for the reference scenario.
We assume charging will occur mostly late into the afternoon or evening.!* During the summer
season, at Avista’s planning peak for the hour beginning at 17:00 local time, we estimate 196 MW of
load, ramping up to approximately 420 MW during the hour beginning at 22:00 local time, when
residential customers are typically at home, and fleet customers have usually completed their daily
activities. Because the team did not have sufficient data to characterize seasonal differences in EV
charging load profiles (kW per hour) and driving patterns (vehicle miles traveled per day) within
Avista’s service territory, we assumed that the hourly charging profile does not vary over the year.
Therefore, the winter and summer hourly charging profiles are nearly identical in our modeling
results.

1 The team used load profiles from Avista’s 2022 Transportation Electrification report to characterize the hourly EVSE load profiles for this
study. These curves indicate that Avista’s customer EVSE load peaks in the evening hours.
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Figure 3-9. Summer Average Hourly Load Profile for EVSE in 2045, Reference Scenario

Note that Figure 3-9 represents service territory aggregates. The behavior of individual fleets and
specific census block groups will vary. For example, public transit authorities may employ on-route
charging rather than depot charging to manage the operational efficiency of their fleets; this is an
example of a location-specific behavioral difference that would make charts like Figure 3-9 differ if
viewed for each census block group.

The AEG team relied primarily on Avista’s 2022 Transportation Electrification Report load profiles.??
These load profiles do not assume explicit direct load control (DLC) measures or pricing schemes like
Time-of-Use (TOU) rates, which typically influence hourly charging shapes. Because quantifying load
impacts associated with DLC or TOU rates was not part of the project scope, the AEG team
recommends that Avista assess DLC and TOU rates in future DER potential studies. This will become
increasingly important as Avista develops its strategy for managing the growth of charging loads in its
service territory.

Ancillary Services

The team assumes that the residential EVSE load is eligible for use in ancillary services because it
could be controlled through a DLC program. Based on assumptions consistent with Avista’s 2023
Integrated Resource Plan, we assume the following for the ancillary services potential:

15% participation in a Residential EVSE DLC program.
DLC reduces load impact by 75% during event hours.

50% of DLC load reduction is available for ancillary services.

12 pvista Utilities. 2022 Annual Transportation Electrification Report. Submitted to the Washington Utilities and Transportation
Commission. March 31, 2023. URL: https://www.myavista.com/-/media/myavista/content-documents/energy-savings/evs/avista-2022-
annual-te-report.pdf

13 Avista Utilities. 2023 Electric Integrated Resource Plan. Appendix C — AEG Conservation Potential and Demand Response Potential
Assessments. “AEG. Avista Electric Conservation Potential Assessment for 2022-2045.” December 9, 2022. URL:
https://www.myavista.com/-/media/myavista/content-documents/about-us/our-company/irp-documents/2023/appendix-c-cpa-and-dr-
potential-assessments.pdf
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Applying these assumptions to the 62 MW of projected residential EVSE load during the planning peak
hour, we estimate 4 MW of potential for ancillary services, as illustrated in Table 3-4. The team does
not consider non-residential EVSE to have ancillary services potential, as fleet and public charging
typically have less flexibility than residential charging.

Table 3-2. EVSE Load Impact in 2045, by Scenario and Customer Segment

Annual Share of July Peak December Ancillary
Nameplate Nameplate .
. Load - Load Peak Load Services
Resource Capacity Capacity in .
(MW) Impact Named Impact? Impact? Potential
(GWh) ST (MW) (MW) (MW)
Residential
EVSE 1,544 853 38% 62 62 4
Fleet EVSE 692 841 67% 101 105 0
Public and
Workplace 171 206 60% 33 33 0
EVSE

a. Theterm “peak” refers to a planning peak beginning at 17:00 and ending at 18:00 local time.

14 “Named Communities” refers to service points located in a highly impacted census tract, a vulnerable census tract, or tribal land. The
team details this definition in Section 2, Project Overview, of this report.
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4 | DETAILED RESULTS: NEW CUSTOMER GENERATION
AND STORAGE

This section describes the detailed forecast results for new customer generation and battery energy
storage; details on the forecasting modeling approach, including data sources and assumptions, are
provided in Appendix C.

Customer Solar

Adoption

Figure 4-1 displays the AEG team’s forecast of customer-sited solar nameplate capacity (MW) in
2045. We expect current trends to continue, with the residential customer segment dominating solar
adoption. The residential segment will account for over 85% of the 104 MW new customer solar in
2045. However, our analysis indicates that some larger commercial customers will start adopting
solar at more elevated rates than historically.

Non-
Residential
16

Residential
88

m Residential = Non-Residential

Figure 4-1. 2045 Customer Solar Nameplate Capacity (MW) by Sector, Reference Scenario

Figure 4-2 shows the expected customer solar adoption for the two scenarios. The high-incentive
scenario has an incremental 15 MW of new solar capacity relative to the reference scenario (119 MW
vs. 104 MW), which comes from Named Communities.
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Figure 4-2. 2045 Customer Solar Nameplate Capacity (MW), by Named Community Status and Scenario

Load Impact

In the reference scenario, 104 MW of new customer solar will yield 127 GWh of load reduction by
2045. The load reduction increases rapidly in the early years of the forecast—2023 through 2030—
but then levels off. This is illustrated in Figure 4-3. The leveling off is caused by Avista’s net-energy
metering (NEM) tariffs, which will be sunset in 2029, rendering the economics of customer solar
adoption less attractive. While the team did not investigate a shift in the policy landscape in the two
scenarios, we note that preserving NEM or alternative incentive mechanisms would further increase
the load reduction from customer solar.
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Figure 4-3. Annual Customer Solar Load Impact (GWh), Reference Scenario

Table 4-1 summarizes the customer solar load impacts by 2045 for the two scenarios. In the high-
incentive scenario, we forecast an additional 18 GWh load reduction in 2045 relative to the reference
scenario (145 GWh vs. 127 GWh).
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Table 4-1. 2045 Customer Solar Load Impact, by Scenario and Customer Segment

S 2045 Load Impact, Reference 2045 IToad Impa(?t, High-
Scenario (GWh) Incentive Scenario (GWh)

Residential -107 -125
Non-Residential -20 -20
Total -127 -145

Figure 4-4 illustrates the average daily load reduction (in MWh) from customer solar adoption by
census block group. We expect customer solar adoption to be more diffuse than EV charging, as most
block groups will have less than 5 MWh of daily load reduction in 2045 under the reference scenario.
The most significant solar adoption levels are expected in residential areas with a higher
concentration of single-family homes.
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Figure 4-4. Locational Customer Solar Load Impact in 2045. Washington Service Territory (Left) and Spokane Region
(Right)

Figure 4-5 shows the hourly load impact shape for customer solar. As is expected, customer solar has
a more considerable load reduction in summer with lower cloud cover and longer daylight hours. The
AEG team forecasts a maximum of 71 MW of solar generation at an hour beginning at 14:00 local time
on a typical July day by 2045. A typical December day will have a significantly reduced generation
profile, with a maximum of 25 MW per hour beginning at 11:00 local time. During the summer season,
at Avista’s planning peak for the hour starting at 17:00 local time, we estimate 33 MW of load
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reduction. Our estimates are based on typical meteorological year data and thus would vary daily

with actual solar irradiance patterns.
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Figure 4-5 Average Hourly Load Profile for Customer Solar in 2045, Reference Scenario

Customer Wind

Adoption

Currently, customer-sited wind is being adopted minimally in Avista’s Washington service territory,
and we do not anticipate substantial adoption in the upcoming years. In total, we forecast a mere 0.4
MW of new customer wind capacity by 2045, and this total does not vary substantively by scenario.
Figure 4-6 shows the AEG team’s forecast for customer wind adoption by 2045.
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Figure 4-6. 2045 Customer Wind Nameplate Capacity (MW)

Load Impact

We estimate that customer wind will account for less than 1 MW capacity on a typical day and
generate less than 1 GWh in energy annually by 2045. The team has provided Avista with these
estimates but has excluded charts for annual generation (in MWh) or an hourly profile (in MW) in this
report due to the minimal impact of customer wind.

Customer Battery Storage

Adoption

The current adoption of customer battery energy storage in Avista’s Washington service territory is
unknown but likely minimal because Avista does not have programs that cover energy storage.
However, Avista recently introduced a pilot TOU tariff, which creates a tiered rate structure that
incentivizes reduced energy consumption and creates arbitrage opportunities for using energy
storage during peak periods. Our adoption forecast assumes this TOU rate structure is paired with
current technology pricing trends. Figure 4-7. 2045 Customer Storage Nameplate Capacity (MW) by
Sector, Reference Scenario illustrates the results of the customer battery storage nameplate capacity
forecast by 2045. In the reference scenario, we anticipate 74 MW of storage capacity for non-
residential customers and 22 MW for residential customers.
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Figure 4-7. 2045 Customer Storage Nameplate Capacity (MW) by Sector, Reference Scenario

Load Impact

In the reference scenario, 96 MW of customer battery storage will yield a load addition of 2 GWh by
2045 due to round-trip efficiency losses. The hourly shapes depend on the desired state of charge,
charging, and dispatch for TOU rate arbitrage. Figure 4-8 shows the average load profile for customer
storage (MW) in 2045.

The project scope did not include simulating dispatch for demand response or resiliency events.
From a resource planning perspective, such events would influence the typical hourly shape (MW)
but have minimal impact on the annual energy load impact (MWh).
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Figure 4-8. Average Hourly Load Profile for Customer Storage in 2045, Reference Scenario

Ancillary Services

The AEG team assumes that 80% of customers' battery storage capacity is eligible for use in ancillary
services, which allows for some reserve capacity. Thus, the team estimates 77 MW (80% of 96 MW)
of ancillary services potential for customer battery storage, with non-residential customers
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accounting for 59 MW and residential customers accounting for 18 MW. Customer solar and wind
generation resources are intermittent due to their weather dependence, so the team assumes these
resources do not offer any potential for ancillary services.

Applied Energy Group, Inc. | www.appliedenergygroup.com 23

Page 32 of 45



Exh. JDD-10

Distributed Energy Resources Potential Study

5| CONCLUSIONS AND RECOMMENDATIONS

This section summarizes the results and findings from the DER potential forecast and provides
recommendations for how Avista can update and enhance future DER potential assessments.

Summary Results

The reference scenario in Table 5-1 summarizes the 2045 DER potential results. The residential and
fleet EVSE will have the most significant load impacts in the Avista Washington service territory,
adding nearly 1,700 GWh of energy consumption in 2045. Customer solar will decrease energy
consumption by almost 130 GWh in 2045.

Table 5-1. Summary Results for 2045, Reference Scenario

Share of
Nameplate Annual Load Nameplate July Peak December
Resource Capacity Impact Capacity in Load Impact? Peak Load
(MW) (GWh) Named (MW) Impact® (MW)
Community
Customer 105 127 46% -33 0
Solar
Customer
Battery 96 2 58% -3 -9
Storage
Customer
- 0, -

Wind 1 0.3 45% 0.1 0

Residential
0,

EVSE 1,544 853 38% 62 62
Fleet EVSE 692 841 67% 101 105
Public and
Workplace 171 206 60% 33 33

EVSE

b. Theterm “peak” refers to a planning peak beginning at 17:00 and ending at 18:00 local time.

Recommendations

As the team notes in the Utility Survey Memo (Appendix B), the current state of DER potential
forecasting is bespoke and faces many of Avista's data gaps. The AEG team recommends six actions
Avista can take before the next iteration of the DER potential study to increase the fidelity and depth
of insights from a location-specific study like this one.

Address Fleet Data Gaps. For this study, the team estimated the size and location of commercial
fleets using two methods. First, Avista surveyed commercial vehicle fleets in its service territory,
identifying dozens of smaller fleets. Additionally, the team used secondary data and satellite
imagery to identify many larger fleets in the service territory, including school district buses and
parcel delivery vehicles. While these efforts successfully obtained data from dozens of fleets,
they are not comprehensive and likely undercount smaller LDV fleets. Three activities that the
team recommends that Avista pursue to collect additional fleet data follow:

o Continued outreach to fleet operators. Avista has begun outreach to fleet operators in its
service territory to understand electrification plans and possible charging locations.
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Collecting and cleansing data from these outreach activities will advance Avista’s ability to
inform forecasting studies.

o Analysis of satellite imagery. Though an imperfect indicator of the presence of vehicle
fleets, satellite imagery is a low-effort method of identifying fleets at Avista’s commercial and
industrial service points. Collecting and cleansing data from an analysis of satellite imagery
will advance Avista’s ability to inform forecasting studies like this one.

o Acquire fleet inventory data. Washington Department of Ecology is currently conducting a
fleet inventory?® that requires fleets with five or more vehicles to register the vehicle types,
counts, and depot locations. The team recommends that Avista pursue this data source for
its service territory when it becomes available.

Develop Commercial EV Charging Profiles. Limited data are available to characterize EVSE
charging profiles, especially for commercial fleets. The AEG Team recommends that Avista
conduct load research on commercial fleet charging.

Develop Seasonal EV Charging Profiles. The team did not have sufficient data to characterize
seasonal differences in EV charging profiles (kW per hour) and driving patterns (vehicle miles
traveled per day), so we assumed the summer and winter charging profiles are the same in
Avista’s service territory. However, the winter charging profile could be more significant due to
vehicle cabin space heating or smaller because of less driving in the winter. Therefore, we
recommend that Avista conduct load research on seasonal EV charging.

Conduct Additional Scenario Analyses. The DER adoption forecast analyzed two scenarios: a
reference scenario and a high-incentive scenario. Consider adding additional scenarios to study
the impacts of climate change (e.g., weather, customer grid resiliency) and ancillary services
incentives on DER forecasting.

Integrate the DER and Demand Response (DR) Potential Studies. Some types of DERs, like EV
charging and customer battery storage, can be leveraged in DR events. Therefore, it would benefit
Avista to integrate its DER and DR potential studies to avoid overestimating or underestimating
the combined potential.

Consider Adding Building Electrification. Building electrification and load flexibility can affect
customers' decisions regarding DER installations. Therefore, including building electrification
and associated load control measures (e.g., connected thermostats, heat pump water heater
switches) in future DER potential studies would provide Avista with a more comprehensive
understanding of customer load growth and opportunities to shape it with programs and rates.

Consider Adding Emerging Technologies. Emerging technologies, such as autonomous
vehicles and vehicle-to-grid technologies, can change customer energy consumption patterns.
Therefore, in future DER potential studies, Avista may want to consider emerging technologies as
they become commercially available.

15 Washington Department of Ecology. Fleet Reporting Platform Guidebook for Fleet Managers. August 2023. URL:
https://apps.ecology.wa.gov/publications/UIPages/documents/2302068.pdf
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A | GLOSSARY

The Glossary section defines terms and acronyms used in this report.

Ancillary Services: Ancillary services help grid operators maintain a reliable electricity system by
ensuring the proper flow and direction of electricity and addressing imbalances between supply and
demand.

BEV: Battery electric vehicle

Customer Solar PV: Customer-sited solar photovoltaic (PV) panels installed behind the utility meter.
Typically, this is rooftop solar PV.

Customer Storage: Customer-sited battery storage installed behind the utility meter.
Customer Wind: Small, customer-sited wind generation installed behind the utility meter.
DCFC: Direct current, fast charging EVSE (50 kW or more)

DLC: Direct load control

DOC: Washington Department of Commerce

EV: Electric vehicle

EVSE: Electric vehicle supply equipment; vehicle chargers

HDV: Heavy-duty vehicle (Class 7 and 8, 26,001 lbs. or more)

ICE: Internal combustion engine vehicle

L1: Level 1 EVSE (typically 1 to 3 kW)

L2: Level 2 EVSE (typically 7 to 22 kW)

LDV: Light-duty vehicle (Class 1 and 2, 0-10,000 lbs.)

MDV: Medium-duty vehicle (Class 3 through 6; 10,001-26,000 lbs.)

Peak Hour: Avista’s “Planning peak” is at hour-beginning 17:00/hour-ending 18:00 on weekdays in
July and December. The planning peak may differ from the actual system peak periods.

PHEV: Plug-in hybrid electric vehicle

WUTC: Washington Utilities and Transportation Commission

Applied Energy Group, Inc. | www.appliedenergygroup.com A-1
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B | UTILITY SURVEY

The memorandum that describes the results from the utility survey (Task 1):

PDF

Avista Task 1 Utility
Survey FINAL Memo_
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C | DER FORECASTING METHODOLOGY

The document that describes the DER forecasting approach (Task 2):

Task 2 DER
Forecasting Method

Applied Energy Group, Inc. | www.appliedenergygroup.com C-
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D | STAKEHOLDER ENGAGEMENT

During the development of the DER Potential Study, the AEG team and Avista staff engaged with DER
stakeholders several times, including the customer fleet survey Avista conducted in conjunction with
the development of the DER Forecasting Methodology document (Task 2) and the March 27, 2024,
stakeholder meeting when the project team presented and discussed the preliminary DER results
(Task 5). Evidence of DER engagement can be found below.

Avista Customer Fleet Survey:

In late 2023, Avista Utilities engaged MDC Research to survey its commercial and industrial
customers about vehicle fleets and fleet electrification plans. 76 Avista customers completed the
survey, with approximately 2,300 vehicles (LDV, MDV, HDV, and forklifts). The team describes its
approach to using these data in Appendix C (DER Forecasting Methodology) but will keep survey
results private due to the sensitive nature of the responses.

DER Potential Study slides presented at the March 27, 2024, stakeholder meeting (Task 5):

PDF

FINAL Avista DER
Potential Study Stakel

Meeting notes from the March 27, 2024, DER Potential Study stakeholder meeting, including a
list of meeting attendees (Task 5):

PDF

Stakeholder meeting
notes March 27, 2024

Questions submitted by Washington Utilities and Transportation Commission (WUTC) staff
following the DER Potential Study stakeholder meeting, with answers provided by Avista:

Public Engagement
Appendix D_WUTC (

Questions submitted by the Department of Commerce (DOC) staff following the DER Potential
Study stakeholder meeting, with answers provided by Avista:

Public Engagement
Appendix D_DOC Qu
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E | SUPPLEMENTAL ELECTRIC VEHICLE DATA

Table E-1 and Table E-2 summarize the EV adoption and load impact results from the high-incentive
scenario.

Table E-3 through Table E-6 show the EV charging load profiles we used as inputs in the DER Potential
Study. The hourly load profiles are unitized to 1 kW of hameplate capacity. For example, consider the
Fleet HVD DFC C load profiles in Table E-3 where the utilization is 0.473 (43.7%) in the hour beginning
at 0:00 on weekdays. Because we assume that Fleet DCFC has a nameplate capacity of 150 kW (see
Table E-7), the assumed kW for a DCFC port in a weekday hour beginning at 0:00 is 0.437 x 150 kW =
66 kW. The 0.437 estimate is a function of nameplate kW, vehicle miles traveled, miles per kW, and
vehicles per port. For a detailed explanation of the utilization estimates, see the DER Forecasting
Methodology document in Appendix C.

Table E-1. Year 2030 Electric Vehicle Results Summary, High-Incentive Scenario

Vehi%llea\;\;eight Total Vehicles % Electrified InI:g:I((:tL(C)b?I\(jV) Cor:-\snunn:ziion
(MWh)

LDV 519,499 20% 104,838 26.4 284,418

MDV 16,087 3% 436 3.0 25,913

HDV 10,348 3% 350 2.2 15,646

Total 545,934 19% 105,624 31.6 325,977

Table E-2. Year 2045 Electric Vehicle Results Summary, High-Incentive Scenario

Vehi‘élea\;\;eight Total Vehicles % Electrified InﬁZ:EtL(O;SV) Co:snunr:ziion
(MWh)
LDV 573,839 74% 426,534 97.8 1,389,054
MDV 17,855 30% 5,434 15.0 286,129
HDV 12,603 37% 4,662 19.3 381,437
Total 604,297 72% 436,630 132.1 2,056,621
Applied Energy Group, Inc. | www.appliedenergygroup.com E-1
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Table E-3. DCFC Charging Load Profiles

Hour DCFC, Fleet HDV DCFC, Fleet MDV DCFC, School DCFC, Transit Depot DCFC, Transit Route
Beginning Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend

0 0.437 0.437 0.268 0.268 0.178 0.000 0.361 0.361 0.000 0.000
1 0.328 0.328 0.201 0.201 0.134 0.000 0.181 0.181 0.000 0.000
2 0.260 0.260 0.159 0.159 0.106 0.000 0.090 0.090 0.000 0.000
3 0.164 0.164 0.100 0.100 0.067 0.000 0.054 0.054 0.000 0.000
4 0.137 0.137 0.084 0.084 0.056 0.000 0.018 0.018 0.000 0.000
5 0.191 0.191 0.117 0.117 0.078 0.000 0.005 0.005 0.000 0.000
6 0.273 0.273 0.167 0.167 0.111 0.000 0.005 0.005 0.000 0.000
7 0.232 0.232 0.142 0.142 0.095 0.000 0.006 0.006 0.000 0.000
8 0.260 0.260 0.159 0.159 0.106 0.000 0.006 0.006 0.258 0.258
9 0.246 0.246 0.151 0.151 0.100 0.000 0.005 0.005 0.258 0.258
10 0.273 0.273 0.167 0.167 0.111 0.000 0.018 0.018 0.258 0.258
11 0.164 0.164 0.100 0.100 0.067 0.000 0.045 0.045 0.258 0.258
12 0.109 0.109 0.067 0.067 0.045 0.000 0.072 0.072 0.258 0.258
13 0.123 0.123 0.075 0.075 0.050 0.000 0.090 0.090 0.258 0.258
14 0.068 0.068 0.042 0.042 0.028 0.000 0.086 0.086 0.258 0.258
15 0.055 0.055 0.033 0.033 0.022 0.000 0.077 0.077 0.258 0.258
16 0.109 0.109 0.067 0.067 0.045 0.000 0.054 0.054 0.258 0.258
17 0.328 0.328 0.201 0.201 0.134 0.000 0.027 0.027 0.258 0.258
18 0.711 0.711 0.435 0.435 0.290 0.000 0.072 0.072 0.258 0.258
19 0.547 0.547 0.334 0.334 0.223 0.000 0.316 0.316 0.258 0.258
20 0.519 0.519 0.318 0.318 0.212 0.000 0.519 0.519 0.000 0.000
21 0.355 0.355 0.217 0.217 0.145 0.000 0.596 0.596 0.000 0.000
22 0.683 0.683 0.418 0.418 0.279 0.000 0.542 0.542 0.000 0.000
23 0.601 0.601 0.368 0.368 0.245 0.000 0.474 0.474 0.000 0.000

Note: We assume schools do not charge during the summer months.
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Table E-4. L1 and L2 Fleet Charging Profiles

Hour L1, Fleet LDV L2, Fleet HDV L2, Fleet MDV L2, Fleet LDV School
Beginning Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend
0 0.415 0.415 0.246 0.246 0.175 0.175 0.058 0.058 0.232 0.000
1 0.311 0.311 0.184 0.184 0.131 0.131 0.044 0.044 0.174 0.000
2 0.246 0.246 0.146 0.146 0.104 0.104 0.035 0.035 0.138 0.000
3 0.156 0.156 0.092 0.092 0.066 0.066 0.022 0.022 0.087 0.000
4 0.130 0.130 0.077 0.077 0.055 0.055 0.018 0.018 0.073 0.000
5 0.182 0.182 0.107 0.107 0.077 0.077 0.026 0.026 0.102 0.000
6 0.259 0.259 0.153 0.153 0.110 0.110 0.036 0.036 0.145 0.000
7 0.220 0.220 0.130 0.130 0.093 0.093 0.031 0.031 0.123 0.000
8 0.246 0.246 0.146 0.146 0.104 0.104 0.035 0.035 0.138 0.000
9 0.233 0.233 0.138 0.138 0.099 0.099 0.033 0.033 0.131 0.000
10 0.259 0.259 0.153 0.153 0.110 0.110 0.036 0.036 0.145 0.000
11 0.156 0.156 0.092 0.092 0.066 0.066 0.022 0.022 0.087 0.000
12 0.104 0.104 0.061 0.061 0.044 0.044 0.015 0.015 0.058 0.000
13 0.117 0.117 0.069 0.069 0.049 0.049 0.016 0.016 0.065 0.000
14 0.065 0.065 0.038 0.038 0.027 0.027 0.009 0.009 0.036 0.000
15 0.052 0.052 0.031 0.031 0.022 0.022 0.007 0.007 0.029 0.000
16 0.104 0.104 0.061 0.061 0.044 0.044 0.015 0.015 0.058 0.000
17 0.311 0.311 0.184 0.184 0.131 0.131 0.044 0.044 0.174 0.000
18 0.674 0.674 0.399 0.399 0.285 0.285 0.095 0.095 0.377 0.000
19 0.519 0.519 0.307 0.307 0.219 0.219 0.073 0.073 0.290 0.000
20 0.493 0.493 0.292 0.292 0.208 0.208 0.069 0.069 0.276 0.000
21 0.337 0.337 0.199 0.199 0.142 0.142 0.047 0.047 0.189 0.000
22 0.648 0.648 0.384 0.384 0.274 0.274 0.091 0.091 0.363 0.000
23 0.570 0.570 0.338 0.338 0.241 0.241 0.080 0.080 0.319 0.000

Note: We assume schools do not charge during the summer months.
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Table E-5. Residential L1 and L2 Charging Profiles

L1, Residential BEV and
A7 PHEV

Beginning
Weekday

L2, Residential PHEV

L2, Residential BEV

Weekend Weekend Weekend

Weekday Weekday

0 0.405 0.375 0.029 0.027 0.104 0.096
1 0.366 0.328 0.026 0.023 0.094 0.084
2 0.345 0.315 0.025 0.023 0.089 0.081
3 0.379 0.341 0.027 0.024 0.097 0.088
4 0.366 0.332 0.026 0.024 0.094 0.085
5 0.302 0.251 0.022 0.018 0.078 0.065
6 0.162 0.085 0.012 0.006 0.042 0.022
7 0.102 0.038 0.007 0.003 0.026 0.010
8 0.081 0.051 0.006 0.004 0.021 0.013
9 0.077 0.055 0.005 0.004 0.020 0.014
10 0.055 0.051 0.004 0.004 0.014 0.013
11 0.072 0.047 0.005 0.003 0.019 0.012
12 0.094 0.064 0.007 0.005 0.024 0.016
13 0.115 0.072 0.008 0.005 0.030 0.019
14 0.119 0.072 0.009 0.005 0.031 0.019
15 0.124 0.094 0.009 0.007 0.032 0.024
16 0.102 0.136 0.007 0.010 0.026 0.035
17 0.136 0.158 0.010 0.011 0.035 0.041
18 0.162 0.175 0.012 0.012 0.042 0.045
19 0.196 0.204 0.014 0.015 0.050 0.053
20 0.264 0.285 0.019 0.020 0.068 0.073
21 0.375 0.405 0.027 0.029 0.096 0.104
22 0.413 0.430 0.030 0.031 0.106 0.111
23 0.413 0.439 0.030 0.031 0.106 0.113
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Table E-6. Public and Workplace Charging Profiles

DCQC, Public
Weekday Weekend

Hour L2, Workplace L2, Public
Beginning Weekday Weekend Weekday Weekend

0 0.000 0.000 0.111 0.111 0.064 0.064
1 0.000 0.000 0.086 0.086 0.049 0.049
2 0.000 0.000 0.079 0.079 0.046 0.046
3 0.000 0.000 0.079 0.079 0.045 0.045
4 0.000 0.000 0.064 0.064 0.037 0.037
5 0.001 0.000 0.066 0.066 0.038 0.038
6 0.007 0.000 0.088 0.088 0.051 0.051
7 0.024 0.000 0.130 0.130 0.075 0.075
8 0.045 0.000 0.190 0.190 0.109 0.109
9 0.046 0.000 0.277 0.277 0.159 0.159
10 0.042 0.000 0.371 0.371 0.213 0.213
11 0.036 0.000 0.398 0.398 0.229 0.229
12 0.028 0.000 0.538 0.538 0.309 0.309
13 0.031 0.000 0.514 0.514 0.296 0.296
14 0.035 0.000 0.432 0.432 0.248 0.248
15 0.037 0.000 0.452 0.452 0.260 0.260
16 0.028 0.000 0.392 0.392 0.225 0.225
17 0.011 0.000 0.345 0.345 0.198 0.198
18 0.004 0.000 0.314 0.314 0.180 0.180
19 0.001 0.000 0.317 0.317 0.182 0.182
20 0.001 0.000 0.209 0.209 0.120 0.120
21 0.001 0.000 0.169 0.169 0.097 0.097
22 0.000 0.000 0.149 0.149 0.086 0.086
23 0.000 0.000 0.150 0.150 0.086 0.086
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Table E-7. Charging Nameplate kW Assumptions

Charging Use Case Nameplate kW

L1, Residential BEV and PHEV 1.5
L1, Fleet LDV 1.5

L2, Residential BEV 7.0
L2, Residential PHEV 7.0
L2, Fleet HDV 19.2

L2, Fleet LDV 19.2

L2, Fleet MDV 19.2

L2, School 19.2

DCFC, Fleet HDV 150.0
DCFC, Fleet MDV 150.0
DCFC, School 50.0
DCFC, Transit Depot 150.0
DCFC, Transit Route 450.0
Public L2 11.5

Public DCFC 150.0
Workplace L2 11.5

Final Section Note

DO NOT ADD ANY CONTENT AFTER THE FOLLOWING EVEN PAGE BREAK
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MEMORANDUM

To: John Gross, James Gall, Erik Lee, Rendall Farley, Avista

From:  Eli Morris, Cecilia Arzbaecher, Kyle Billeci, Nick Yung, Applied Energy Group

Date:  9/19/2023

Re: Distributed Energy Resource Potential Study - Task 1 Utility Survey Results — Final Memo

Background

Avista engaged Applied Energy Group, with subcontractors Cadeo and Verdant Associates (collectively called
the AEG Team), to conduct a Distributed Energy Resources (DER) Potential Study for its Washington electric
potential study. The DER Potential Study consists of six tasks:

o Task I: Utility Survey

e Task 2: DER Forecasting Methodology

e Task 3: EV Potential

e Task 4: Customer Generation and Storage Potential
e Task 5: Stakeholder Engagement

e Task 6: Final Report

In Task 1, which is the focus of this memo, the AEG Team surveyed priority utilities on their current methods and
best practices for forecasting DER adoption and load impacts at the feeder level. Task 1 also involved identifying
areas where Avista can develop new forecasting methods to meet its needs.

This memo documents the findings, key takeaways, and recommendations for locational DER forecasting based
on the research conducted by the AEG Team. To understand the current landscape and techniques to predict
DER adoption, AEG researched the methods leading utilities in this nascent domain use to forecast the load
impacts from electric vehicles (EVs), solar photovoltaic (PV), and battery energy storage. The research included
an extensive review of forecasting methodologies, documentation of select utilities, and interviews with utility
staff and consultants.

Priority Utilities

In collaboration with Avista, AEG selected the following utilities to survey, representing Avista’s regional peers
and other notable West Coast utilities:

e PacifiCorp (PAC)

e  Portland General Electric (PGE)

e Puget Sound Energy (PSE)

e Sacramento Municipal Utility District (SMUD)
«  Seattle City Light (SCL)

e Southern California Edison (SCE)
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To gather relevant information on locational DER forecasting for the selected utilities, AEG performed a
literature review of published utility documentation, whitepapers, conference presentations, regulatory filings,
and other industry reports. The research aims to enhance the transparency of readily available resources that
Avista can leverage to improve its DER forecasting method and compare its current approach to DER
forecasting among its regional peers. Following the literature review, AEG conducted informational interviews
with DER experts at the priority utilities to fill gaps not addressed in the literature.

Research Methodology

The primary research questions addressed in the utility survey included:
e  What DER technologies (e.g., EVs, rooftop solar, battery storage) do utilities typically target?
¢  What locational DER forecasting methods and level of locational granularity do utilities employ?
e  What datasets and methodology do utilities typically use to forecast commercial fleet vehicle adoption?

e  What are some key advantages, drawbacks, and lessons learned from locational DER forecasting?

Survey Findings

This section presents each selected utility's current DER forecasting methodology, datasets, and other important
information to highlight similarities or differences between utilities. Table 1 below summarizes the targeted
customer DERs, software tools, forecasting methodology, and datasets used for each utility. The subsequent
sections discuss the findings in greater detail.
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Table I. Summary of DER Utility Survey

PAC*

PGE

PSE

SMUD

SCL

o

SCE

Targeted Customer
DERs

All utilities target distributed generation, energy storage, demand response, energy efficiency programs, and electric vehicles (LDV/MDV/HDV)

Notable Customer DER
Programs

¢ EV Charging Station &
Fleet Planning

o Customer Generation -
Interconnection

e ETO Programs for
Lighting, HVAC,
Industrial, and
Agriculture

o Community Solar

e Smart Battery Pilot

* Grid Battery Storage

o Fleet Partner

o Electric Vehicle
Charger/Electric Panel

e Up & Go Electric

e EV Load
Management Pilot

o Customer
Connected Solar

* Managed EV
Charging

o eFuel Advisor
Program

o eFuel Solutions

¢ Vehicle-to-Grid

o SolarShares

o Virtual Power
Plants

e Long-Duration

o Multifamily EV
Charging

¢ Net Metering (Solar)

o Fleet Electrification
Program

o Energy Storage Pilot

o TempWise Pilot

e Charge Ready
Program

e EV Rebate
Program

e Emergency Load
Reduction
Program (ELRP)

o Self-Generation
Incentive Program

o Net-Energy

Energy Storage Metering
. o AEG's LoadMAP Model | « Cadeo AdopDER » Guidehouse'’s ¢ Integral Analytics ¢ Internal EPRI » Kevala modeling
DER Forecasting » DNV’s Private Vehicle Analytics & LoadSEER (NEW) Analysis for California
Software/Tool(s) Generation Adoption Simulation Tool « WattPlan Grid « EPRI DRIVE Energy
Model (VAST) » PowerClerk Commission
« NREL dGen Analytics (CEC)™
AEG used regression Cadeo developed three Guidehouse used its PowerClerk EPRI developed three | Kevala models

DER Forecasting
Methodology

modeling to create
bottom-up forecasts of
LDV adoption (MDV &
HDV not included) at the
feeder level using the
Nearest Neighbor
methodology. DNV
developed bottom-up
circuit-level adoption
models by sector and
technology using Bass
diffusion curves for PV
and PV + battery.

DER forecast adoption
scenarios and estimated
load impacts at the
feeder level by estimating
DERs by premise using a
stock-turnover
mechanism and adoption
rates to simulate
adoption for each
premise.

internal VAST tool to
forecast geographic
penetration at the
census tract level for
EVs, while the solar
forecast relied on
NREL's dGen model.
AURORA models
provided battery
storage forecast
outputs; specific
details regarding
methodology are
unavailable.

Analytics estimates
the propensity for
DER adoption
across customer
segments using
economic,
demographic, and
psychographic data
to assess the
technical potential
for individual
technologies and
outputs feeder-level
adoption forecasts
through customized
algorithms.

adoption-level
scenarios for on-road
transportation,
buildings, industrial,
and non-road
equipment. EPRI's
internal analysis
calibrated SCL’s
CYME data to
analyze each feeder’s
hosting capacity and
simulated specific
conditions for
potential DER
deployment for larger
loads or rapid
adoption.

developed sizing,
behavior, and
adoption algorithms
based on
technology and
historical data. The
algorithms provided
simulated load
impacts and
adoption, but
Kevala utilized SCE
census tract
information for
parcels to provide
premise-level
aggregations from
algorithm output.

* PacifiCorp information is only relevant to its Oregon service territory. PacifiCorp has submitted its Washington Clean Energy Implementation Plan (CEIP), but it has not yet been approved.
**Kevala's study was performed for the California Public Utility Commission and California Energy Commission. The methodology does not reflect SCE’s DER forecasting methodology but
provides examples utilizing SCE'’s utility data. SCE’s documentation of comments on the approach is included in the reference section.
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https://www.eia.gov/outlooks/aeo/

https://www.eia.gov/outlooks/aeo/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://www.woodmac.com/our-expertise1/capabilities/electric-vehicles/2040-forecast/

https://www.woodmac.com/our-expertise1/capabilities/electric-vehicles/2040-forecast/

https://www.woodmac.com/our-expertise1/capabilities/electric-vehicles/2040-forecast/

https://www.oregon.gov/energy/Data-and-Reports/Pages/Oregon-Electric-Vehicle-Dashboard.aspx

https://www.oregon.gov/energy/Data-and-Reports/Pages/Oregon-Electric-Vehicle-Dashboard.aspx

https://solarfarmer.dnv.com/welcome

https://solarfarmer.dnv.com/welcome

https://solarfarmer.dnv.com/welcome

https://www.oregon.gov/energy/Data-and-Reports/Pages/Oregon-Electric-Vehicle-Dashboard.aspx

https://www.oregon.gov/energy/Data-and-Reports/Pages/Oregon-Electric-Vehicle-Dashboard.aspx

https://www.nrel.gov/analysis/dgen/

https://pvwatts.nrel.gov/

https://reopt.nrel.gov/

https://www.nrel.gov/transportation/evi-pro.html

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://www.eia.gov/outlooks/aeo/pdf/AEO2020%20Transportation.pdf

https://www.eia.gov/outlooks/aeo/pdf/AEO2020%20Transportation.pdf

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/
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https://www.atlasevhub.com/materials/state-ev-registration-data

https://www.atlasevhub.com/materials/state-ev-registration-data
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https://afdc.energy.gov/vehicles/electric.html
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https://www.epri.com/research/programs/053122/results/3002018552

https://www.epri.com/research/programs/053122/results/3002018552

https://www.epri.com/research/programs/053122/results/3002018552

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://www.eia.gov/outlooks/aeo/

https://www.eia.gov/outlooks/aeo/
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https://www.psrc.org/activity-based-travel-model-soundcast

https://www.psrc.org/activity-based-travel-model-soundcast
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Key Takeaways
Below, we summarize the key takeaways from the Task 1 Utility Survey:

e Because of the competitive nature of software products, the details of the DER forecasting tools are
not typically disclosed and openly discussed.

o  Utilities employ varying levels of geospatial granularity, such as feeder-level or census tracts, to target
Distributed Energy Resources (DERs) based on available data. The census block group offers a more
granular view than the census tract, enabling more precise resource allocation and analysis, but the
census tract is historically more established than census block groups.

e Utilities typically use and compare their DER forecasting results against national trend data, such as
the Annual Energy Outlook and BloombergNEF.

e Avistd’s peers are forecasting a robust set of DERs, including building electrification and demand
response, and often rely on more sophisticated data to predict DER adoption and impacts, including
AMI, geospatial, customer, and locational load trend data (feeder, circuit, substations).

e Commercial fleet vehicle forecasting approach varies across utilities. Datasets for separating by vehicle
class, travel metrics, and current vehicle stock vary between utilities.
Recommendations

Based on our analysis of the Task 1 Utility Survey results, we recommend that Avista consider improving its DER
forecasting methodology in future years through the following advancements:

e Use data and assumptions specific to utility service territory as they will provide more accurate
forecasting than national trends. Omitting historical data, adoption trends tracked by regional
utilities, large load projects, and early pilots can result in gaps in the analysis.

e Use national trend datasets to supplement forecasts or compare results. For example, the Annual
Energy Outlook (AEO) provides various datasets/metrics for EVs and solar trends.

e Consider current and future policies affecting DER adoption and include them as inputs for the
forecasting approach. Inputs can include state, county, and utility-level policies. Depending on
infrastructure or current emission targets, adopting goals may differ between state and utility policies.

e Use a locational forecasting approach that is compatible with available data. Locational DER
forecasting is quickly evolving, and there are no entrenched standards. Data can include zip codes,
census tracts, or locations for utility meters.

e Enhance the forecast's precision by obtaining data on NAICS, building types, end-use equipment,
and vehicle registration if possible.
Detailed Findings

This section discusses and compares the utility findings summarized in Table 1. The AEG Team grouped the
results into four primary categories: Targeted Customer DER Types and Data Granularity, Locational DER
Forecasting, Commercial Fleet Vehicle Forecasts, and Example Datasets for DER Forecasting.

Targeted Customer DER Types and Data Granularity

All selected utilities prioritize DERs and recognize their impact on future grid load. As a result, DER technologies
have become central to strategic planning and innovation within the utility sector, guiding investments, policy
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development, and operational decisions. Figure 1 shows how DER technologies connect to and impact the
distribution grid.

Figure I: Example of DERs Connect to Distribution Grid
(Source: Portland General Electric Distribution System Plan,
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Utilities consider EVs, PV, and battery storage attractive decarbonization strategies, but utility customers'
adoption of DER is still discretionary. Most selected utilities aim at various DER types for their forecasting and
planning needs, including building electrification and demand response. For example, Avista's regional partners
and peers include a diverse range of DERs in their DER forecasting scope, driven by state policies, customer
adoption trends, and incentives. Furthermore, these utilities use more sophisticated data, enhancing the tracking
and prediction of DER adoption and its impact on the grid.

Broadening the forecast to include a variety of DERs can help identify potential opportunities and the varying
impacts these may have on the grid. Limiting the scope to a select few DERs might overlook significant areas
for grid improvements and effects.

Data granularity and availability are critical for evaluating DER forecasts. For instance, PGE supplied AMI
consumption and premise data to Cadeo for AdopDER modeling, yielding premise-specific results. This
approach is similar to that used by SCE, who developed Bass diffusion models based on customer billing data
by zip code and mapped propensity models to its circuit-level allocations. For SCL, EPRI used SCL's CYME data
to estimate each feeder’s hosting capacity for premise-level adoption simulations.

Granular datasets improve the visibility of DER adoption and location-specific results. While using public data
sources like census data or the Annual Energy Outlook (AEOQ) for premise-level modeling is feasible, utility-
provided datasets or assumptions can provide more precise insights into current customer trends or
demographics. For example, PacifiCorp used the Nearest Neighbor approach to forecast EV growth at the
feeder level, mapping block groups’ centroids to the nearest utility meter provided by address location. This
method enabled a pseudo-locational analysis of future EV adoption.

However, missing locational or extensive customer data may suggest ambiguous results not accounting for
significant drivers affecting specific load or DER forecast by location. For instance, SCE critiqued Kevald's
Electrification Impact Study (who developed a methodology for the California Energy Commission) as
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oversimplified adoption forecasts against state forecasts from the California Public Utilities Commission (CPUC)
versus SCE'’s utility forecast projections. SCE commented that Kevala underestimated potential large customer
impacts in specific areas due to the inability to use local load impact data and premise-level adoption trends.

SCE was accounting for various DERSs, including EV fleet vehicles that Kevala excluded from their analysis for
CEC.

Data granularity limitations and the narrow focus on a few DERs can make predictions and impacts more
challenging to track over time. These constraints might lead to relying heavily on state-wide interpretations or
generalized forecasts. Therefore, integrating varied data sources that can improve the locational accuracy of
DER forecasting, such as locational points, building types, population density, and customer additions by
location, is crucial to accurately forecasting locational DERs.

Locational DER Forecasting

Locational DER forecasting is pivotal in modern energy planning and management. Three significant takeaways
underscore its importance:

1)  The ability to capture or access geospatial trends for multiple DER technologies.
2) The split forecasting approach to allocating bottom-up forecasts at site-specific levels.

3) Integrating policy or regulation requirements to accurately assess DER impact across the system and
locational levels.

Historically, most distribution system planning was not site-specific, but regulations have called for more
granular and premise-specific (feeder-level) forecasting that is robust and quantifiable. As such, DER forecasting
typically employs a combination of top-down and bottom-up modeling to forecast DER adoption. Top-down
modeling allocates DER growth to the entire system, then assigns DER to the premise based on population
growth or technology availability using bottom-up modeling.

One innovation among researched utilities providing bottom-up DER locational forecasting was dynamic
customer adoption modeling by recognizing a customer’s “propensity to adopt” and calibrating to locational
points based on customer adoption or spot load additions. Various tools in the marketplace provide such
dynamic DER forecasts, including AdopDER, LoadSEER, and PowerClerk Analytics.

For example, PGE used AdopDER’s bottom-up forecasting approach to estimate adoption at the feeder level
in a three-step process:

1) AdopDER estimated DER adoption at the premise level, starting with current interconnected DERs,
building characteristics, and vehicle stock.

2) AdopDER used assumptions previously mentioned to calibrate a stock-turnover mechanism and output
the evolution of building and vehicle stock over time using a combination of adoption rates and
propensity models to simulate DER for each premise.

3) AdopDER applies hourly load impacts for each DER to build an 8760-load impact forecast.
Improvements to locational adoption forecasting included calibrating expected customer growth based
on specific customer additions on each feeder (provided by PGE) instead of development treated
evenly across feeders.

Figure 2 shows the drivers, assumptions, and datasets that go into AdopDER to produce various DER adoption
scenarios and forecasts.
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Figure 2: AdopDER Concept Workflow

(Source: Portland General Electric Distribution System Plan,
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SMUD uses LoadSEER! and PowerClerk Analytics to generate comparable locational forecasts by assessing the
propensity for DER adoption across various customer segments. Input data to the estimates includes economic,
demographic, and psychographic data. The details of LoadSEER and PowerClerk Analytics are kept confidential
due to competition. However, these software options operate similarly by taking a top-down and bottom-up
approach, like AdopDER. Figure 3 provides a summary of LoadSEER’'s methodology for DER forecasting.

Figure 3: LoadSEER Forecasting Approach
(Source: Integral Analytics, 2022)
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LoadSEER’s bottom-up forecast calibrates distribution-level customer loads likely to materialize in specific
locations, along with various DER technology adoptions based on regional clusters or spatial analysis. The
LoadSEER methodology then aggregates the loads to the entire grid or system-level (top-down) forecast. It
integrates individual characteristics, technologies, and behavior to predict DER impacts. Also, LoadSEER

1 SMUD recently selected LoadSEER in March 2023 as the software supporting distribution grid planning and forecasting for a five-year contract

period.
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provides spatial analysis through historical satellite imaging from NASA and can help improve forecasts of
customer load additions from new construction and rooftop solar adoption through rooftop imaging analysis.

While the inner workings of LoadSEER and PowerClerk Analytics remain concealed as proprietary software
solutions, Kevala, who has used Southern California Edison data to provide forecasting support to the California
Energy Commission (CEC), employs an approach akin to AdopDER. First, Kevala’'s method estimated the impact
of DER modifiers (EV, PV, battery storage, etc.) on the target DER load. For locational likelihood of adoption,
Kevala then employed a custom propensity scoring model attributes about a premise to predict whether or not
to adopt a given DER. Historical premise data correlation analysis trained the model to predict potential
outcomes of multiple DERs, including EVs, PV, battery storage, building electrification, and energy efficiency.
Premise characteristics and site-specific modeling assumptions came from national and well-established
datasets, including UC Berkeley's Tracking the Sun dataset and PVWatts simulator for PV and census EV
datasets.

Because Kevala was hired by CPUC and not SCE to conduct the forecast, the methodology is simply an example
of a locational DER forecasting approach and not SCE’s DER methodology per se. However, SCE filed comments
on Kevald's approach to the CPUC. SCE indicates the utility currently neither leverages a robust bottom-up
forecasting approach nor premise-level estimates for load impacts. In addition, SCE has raised concerns about
input data for propensity scoring and underutilizing utility-specific insights. Kevald's results did not consider the
effects of the Inflation Reduction Act, solar prices in the future, or account for available utility fleet data for
medium and heavy-duty vehicles.

A single methodology for commercial fleet vehicle adoption forecasts is unrealistic. Commercial fleet vehicle
forecasting depends on access to available data, including vehicle registrations, MDHD vehicle assumptions,
vehicle trends, and various impactful datasets to help predict MDHD adoption. However, most researched
utilities continue to reference DOE’s Annual Energy Outlook, BloombergNEF Vehicle Outlook, Atlas EV Market
Trends, and available state registration data, which provide starting points for commercial vehicle population
and predicted trends. From there, the forecast becomes more robust, focusing on factors impacting adoption,
such as regulations, incentives, charging infrastructure, vehicle availability, and existing MDHD vehicle turnover
rates.

Medium-duty and heavy-duty vehicles (MDHD) vehicles will highly impact load growth in the future, but barriers
to adoption still exist and are everchanging. Demand for commercial fleet vehicles can fluctuate based on
various macroeconomic factors such as fuel prices, requlations, and technological advancements. In addition,
the charging infrastructure needs to keep pace with MDHD adoption. Therefore, tracking and predicting MDHD
adoption is two-fold: assessing current commercial fleet vehicle adoption and simulating adoption based on
propensity to adopt.

As part of its 2022 Electrification Assessment, Seattle City Light (through EPRI) used a multifaceted approach
to assessing current commercial fleets within its service territory and estimating MDHD adoption for future
years. EPRI gathered local reports for current on-road vehicles such as buses, refuse trucks, and other local
datasets. Besides passenger vehicles, EPRI derived all other classes from analysis based on EPA's 2017 National
Emissions Inventory (NEI), which provides data at the county level for different vehicle classes. EPRI scaled down
MDHD vehicle classes based on NAICS employment information by zip code, which, in turn, leverages employee
counts for transportation-related companies to reflect MDHD vehicle activity in SCLs service territory.

After establishing base year MDHD vehicle counts, EPRI used the Department of Energy Annual Energy Outlook
growth rates for MDHD to forecast vehicle population and NREL FleetDNA data to estimate commercial fleet
operating data for vehicle miles traveled (VMT). These data sources enabled EPRI to predict SCLs service
territory’s MDHD vehicle population and energy consumption.

Puget Sound Energy (through Guidehouse) used a Vehicle Analytics & Simulation Tool (VAST) based on
multidimensional inputs to forecast vehicle penetration. Input data include vehicle prices, fuel prices, electric
prices, regulations, incentives, and existing electric vehicle supply equipment (EVSE). VAST also relies on existing
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vehicle data from IHS Markit, oil prices from EIA, and economic outlook information from AEO and
BloombergNEF. Figure 4 shows the VAST inputs and outputs to compute vehicle forecasts, while Figure 5
provides a conceptual overview of the VAST tool.

Figure 4: VAST Adoption Modeling Inputs & Outputs
(Source: Guidehouse DER Presentation for PSE, 2022)

Key Inputs Key Outputs
Input Description Source Output Description
Registration Data Washington vehicle registration by fuel type and zip IHS Markit EV Sales Number of units per year

Energy Information
Fuel Costs! Electricity rates ($/kwh) and gasoline and diesel prices ($/gal) Administration (electricity) EV
AAA (gasoline and diesel)
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Population cumulative sales and
Guideh h on fi ilability of EV's, including MHD scrapeage
Vehicle Availability videhouse research on future availability of EVs, including Guidehouse Insights
vehicles in California
Year 2021-2050
Vehicle Miles Traveled . . . Federal Highway
(VMT) Forecasted annual vehicle miles traveled, Washington Administration . ZIP Code Tabulation Areas
Location (ZCTA)
Vehicle Efficiency kWh/mile forecast
) r : - : . . Argonne National Lab Duty Light, Medium, and Heavy
PHEV e-Utilization Proportion of plug-in hybrid electric vehicle (PHEV) miles using
battery
Owner Individual, Fleet
(BBaI[ET\T';YRelemm vehicle Total miles increase forecast Guidehouse Insights
ange Powertrain?  BEV, PHEV
Education and Income Educational attainment and income levels, Washington, by ZCTA  US Census Bureau
Battery Cost $/kWh cost decline forecast Guidehouse Insights

Figure 5: VAST Vehicle Adoption Module
(Source: Guidehouse DER Presentation for PSE, 2022)
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Details of the assumptions and methodology going into each calculation for Guidehouse’s VAST model were
difficult to obtain, as Guidehouse uses its own proprietary EV adoption forecast, EVSE forecast, and vehicle
availability. However, the results include classifying light, medium, and heavy-duty vehicles based on owner
classification (individual or fleet) at the zip code level (ZCTA).

SMUD and SCE also do not have commercial fleet methodology available for review. Still, they note various
datasets that help classify vehicles by type and fuel provided by the California Air Resources Board (CARB).
SCE's comments on Kevala’s MDHD methodology for the Electrification Impact Study specifies SCE
transportation electrification forecast for MDHD relies on the list of non-residential service accounts to identify
the associated vehicle classification by NAICS code medium-duty vehicles and forklifts and uses San Pedro Bay
Ports Clean Truck program data for heavy-duty vehicles and CARB data for buses to build a propensity score
based on a proportional scoring methodology incorporating peak electric demand, number of fleet truck
moves, and number of warehouse dock doors.
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Commercial fleet vehicle tracking and forecasting require constant adaptability as the methodology and
datasets surrounding MDHD continue to change. The method should center around available data by
leveraging utility fleet program data or NAICS building identifiers to help understand likely areas with fleet
vehicle stock and locational propensity to adoption is significantly higher.

Example Datasets for DER Forecasting

Table 2 below summarizes datasets utilities and research organizations use for DER forecasting. While many
datasets are publicly available, some require payments and license agreements.
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Table 2. Example Datasets for DER Forecasting

o

Dataset Program/Technology Requires Dataset Details

Payment?
DOE Annual EVs, Solar, Battery No Light duty vehicles sales by technology type and Census Division & renewable energy capacity,
Energy Outlook Storage generation, and consumption by fuel and electricity region.
BloombergNEF EVs Yes BNEF clients can access the full report by segment, technology, region, and underlying Excel
Electric Vehicle data, including previous editions. The payment fee for data access is unavailable. Executive
Outlook summary and report are free.
Wood-McKenzie EVs Yes One-stop shop service delivers wide-ranging forecasts and analysis of the EV segment's
Electric Vehicle significant demand and supply trends. The payment fee for data access is unavailable.
Forecast
SolarFarmer Web PV No Solar PV design software to calculate PV simulations and analysis
API
NREL PV Watts PV No Estimates the energy production of grid-connected PV energy systems worldwide—the ability
Calculator to develop an estimate of the performance of potential PV installations.
NREL Reopt: EVs, Energy Storage No Platform and analysis services to optimize planning of generation, storage, and controllable
Renewable Energy loads by maximizing integrated distributed energy systems. Estimates the net present value of
Integration & implementing technologies.
Optimization
NREL Distribution All DER adoption No Model to simulate customer adoption of distributed energy resources for residential,

Generation Market
Demand Model

(DGEN)

commercial, and industrial entities in the United States through 2050.

Applied Energy Group, Inc. | appliedenergygroup.com

12|15



https://www.eia.gov/outlooks/aeo/

https://www.eia.gov/outlooks/aeo/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://about.bnef.com/electric-vehicle-outlook/

https://www.woodmac.com/products/energy-transition/electric-vehicle-service/

https://www.woodmac.com/products/energy-transition/electric-vehicle-service/

https://www.woodmac.com/products/energy-transition/electric-vehicle-service/

https://solarfarmer.dnv.com/about

https://solarfarmer.dnv.com/about

https://pvwatts.nrel.gov/

https://pvwatts.nrel.gov/

https://reopt.nrel.gov/about/index.html

https://reopt.nrel.gov/about/index.html

https://reopt.nrel.gov/about/index.html

https://reopt.nrel.gov/about/index.html

https://www.nrel.gov/analysis/dgen/

https://www.nrel.gov/analysis/dgen/

https://www.nrel.gov/analysis/dgen/

https://www.nrel.gov/analysis/dgen/
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Dataset Program/Technology Requires Dataset Details
Payment?
NREL EVI-Pro EVs No Charging infrastructure estimation tool based on designated area. Includes analysis of typical

daily travel patterns of light-duty vehicles, charging demand, and infrastructure design.

NREL Fleet DNA EVs No Operation data for medium and heavy-duty fleet vehicles. Provides various simulations
regarding driving habits, distance, battery life, and cost information.

Atlas EV HUB State | EVs No OpenData environment with state-level registration date by a variety of regional granularities.
Registration Data WA data is provided by the Washington Department of Transportation of the monthly
registrations at the zip code level. Data was last updated in January 2022.

DOE Alternative EVs No Sales data, model offerings, regulated fleets, registrations, and vehicle class information.

Fuels Data Center Available for the continental U.S., Data is provided at the state level for various years.

WA Electric Vehicle @ EVs - includes other No Data portal for the State of Washington. Include population, registrations, monthly adoption
Population Data datasets rates by county, etc. A variety of information is provided through Access Washington.

S&P Mobility EVs Yes Vehicles in operation and new vehicle registration data for the U.S. and Canada down to
Vehicles in census tract. S&P Mobility also provides owner geographics information and forecasts for light,
Operation (VOP) & medium, and heavy-duty vehicles. The payment fees for data access to the various products
Vehicle Registration are unavailable.

Data

EPA Motor Vehicle EVs No Emission modeling system that estimates emissions for mobile sources at the national, county,
Emission Simulator and project levels. Includes information on vehicle classification and driving patterns.
(MOVES)
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https://www.nrel.gov/transportation/evi-pro.html

https://www.nrel.gov/transportation/fleettest-fleet-dna.html

https://afdc.energy.gov/data

https://afdc.energy.gov/data

https://data.wa.gov/browse?q=Electric%20Vehicle%20Population%20Data&sortBy=relevance

https://data.wa.gov/browse?q=Electric%20Vehicle%20Population%20Data&sortBy=relevance

https://www.spglobal.com/mobility/en/products/automotive-market-data-analysis.html

https://www.spglobal.com/mobility/en/products/automotive-market-data-analysis.html

https://www.spglobal.com/mobility/en/products/automotive-market-data-analysis.html

https://www.spglobal.com/mobility/en/products/automotive-market-data-analysis.html

https://www.spglobal.com/mobility/en/products/automotive-market-data-analysis.html
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Dataset Program/Technology Requires Dataset Details
Payment?

EPA Nationdl EVs No Point inventory (on-road mobile data) for emissions generated by on-road vehicles by vehicle

Emissions Inventory class (light duty & heavy duty)

Data

EPRI Light-Duty EVs Yes Electric vehicle market adoption tool that provides estimates of the composition of the United

Vehicle Market States on-road vehicle fleet. Include three default scenarios to estimate market adoption of

Projections light-duty electric vehicles—$5,000 for access to spreadsheet reports and calculation
assumptions. For full EPRI membership, $2,000 yearly for individuals or $15,000 for
businesses. State and federal organizations are free.

Experian Vehicles in | EVs Yes Auto counts, vehicle trajectory, and market share trends based on registration data. Access to

Operation data includes details on commercial-vehicle vocation by light, medium, and heavy-duty
vehicles. The payment fee for data access is unavailable.

Guidehouse Market | EVs Yes U.S. Light Duty plug-in EV forecasts by state, province, or major metropolitan area from 2022 to

Data: EV 2031. A single license (1-5 users) costs $3,950.

Geographic

Forecast

Berkeley Lab: PV No Public dataset describing trends among grid-connected distributed solar PV systems in the U.S.

Tracking the Sun

Includes project characteristics and pricing trends.
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https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data

https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data

https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data

https://www.epri.com/research/programs/053122/results/3002018552

https://www.epri.com/research/programs/053122/results/3002018552

https://www.epri.com/research/programs/053122/results/3002018552

https://www.experian.com/automotive/vehicles-in-operation-vio-data

https://www.experian.com/automotive/vehicles-in-operation-vio-data

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://guidehouseinsights.com/reports/market-data-ev-geographic-forecast-north-america

https://emp.lbl.gov/tracking-the-sun

https://emp.lbl.gov/tracking-the-sun
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Presentation Structure

* The AEG team will present high-level methods and results from the DER Potential Study
* Please hold questions until the end of each section
* We also plan to reserve time at the end of the presentation for any additional questions

* These slides present:

 anend-to-end analysis using the methodology and sources identified in the AEG team’s 2023 DER
Forecasting Methodology document

* a high-level summary of detailed results (how much potential and where)

* anopportunity for stakeholders to ask questions and share insights before we finalize the results
and report

* These slides DO NOT represent a plan for Avista’s future program or investment strategy
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DER Potential Study Project Objectives

* Satisfy Condition 14 from WUTC approval of Avista’s Clean Energy

Implementation Plan. Condition 14 from WUTC
approval:
* Develop reasonable estimates for new customer generation, storage,
and controllable load impacts on a localized basis within Avista’s o Avieim il ineles &
Washington electric service territory. Distributed Energy Resources

(DERSs) potential assessment
for each distribution feeder
no later than its 2025
electric IRP... including input
from the IRP TAC, EEAG, and
DPAG.

* The assessmentwill include
a low-income DER potential

. Klvestigate impacts in Highly Impacted or Vulnerable Population
reas.

» Utilize a robust forecasting model that can be updated and enhanced
over time.

* Document methods, data sources, and inputs and provide results in a
format that Avista can incorporate into other planning efforts (i.e., DER

. assessment.
forecasting). ¢ Understand DER forecasting

« Engage internal and external stakeholders to get buy-in on study metTOdo(;of'eSﬁ“”er.‘lt.lY
results. employed by other utilities.
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Project Overview

EV & New Stakeholder
Generation and Presentation &

Utility Survey
Storage Potential Reporting

Tasks 3-4 Tasks 5-6

Task 1

Identify priority utilities and

research questions Input development Modeling approach Stakeholder presentation
DER adoption and load impact L n
Develop research plan f Stock characterization Incorporate feedback L
orecast =
=
|_
Utility research reporting Scenario analysis Adoption curves Draft and final report %:)

Load impacts
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Executive Summary





Summary of Results

Year 2045 Result Summary, Base Scenario

Nameplate % of Nameplate Annual Load December
Size MW in Named Impact July Peak Load Peak Load
Resource (MW) Community (GWh) Impact (MW)* Impact (MW)*

Customer Solar PV 105 46% -127 -33 0
Customer Storage 97 58% 2 -3 -9
Customer Wind 1 36% = (] (0]
Residential EVSE 2,110 36% 1,345 98 98
Fleet EVSE 692 67% 841 101 105
Public and Workplace EVSE 171 60% 206 EE =S

* Assumes system peak occurs on weekdays, hour-ending 18:00 local time in July and December.
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Summary of Results, Cont.
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Widespread electrification of vehicle stock in Avista WA service territory to drive substantial electric

load growth (over 2,000 GWh in 2045).

Customer solar accounts for over 120 GWh of electric load reduction in 2045.
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Forecasting Overview





Consistent Framework to Forecast the
Adoption and Load Impacts for Each DER

DER Forecasting Framework

Service Point DER Eligibility DER Load

8760 Forecast

Characteristics and Adoption Impacts

Time Step

* Service Point Characteristics are known data for each Avista service point: number, weight class, fuel type
of vehicles, building type, location, in a named community.

 DER Eligibility and Adoption is a time-varying, probabilistic DER adoption simulation.

* DERLoadImpacts
* 8760 hourly, per-unit load impacts in kW, scaled by results from DER Eligibility and Adoption step.
*  Example: multiply the 8760-hourly generation output of 1 kW of Solar PV by the adopted, nameplate kW.

8760 Forecast is our model output: 8760 hourly forecast through year 2045 for each DER by census block
group.
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Model Produces a Forecast of 8760 Hourly Load
Impacts Across Avista’s Distribution System

Total MWH Impact for Residential EVSE Total MWH Impact for Residential EVSE
Year 2045, Base Scenario, Service Territory Year 2045, Base Scenario, Spokane

Daily MWH
o 0-1 = 1-5 m 5-10 = 10-50 = 50-100
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Named Community Definition

Named Community Map
Avista Utilities WA Electric Service Territory

Named
Community

L2 ) Kennewick

Walla Walla

Any Avista service point for which one or more of the
following is true:

Highly Impacted: in a census tract with a WA Department of
Health “EHD v2.0 Overall Rank” score of 9 or 10.

Vulnerable: in a census tract with a composite score of 9 or
10 in the sensitive population or socioeconomic
subcategories, as identified by the WA Department of Health’s
Environmental Health Disparities Map.

Tribal Land: in a tribal land identified by an Avista-provided
GIS shape file

Applied Energy Group, Inc. | appliedenergygroup.com
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Terms and Acronyms

Peak Hour: We assume a “planning peak” at the hour ending 18:00 on July and December weekdays. This may
differ from actual system peak periods.

 LDV: Light duty vehicle (Class 1 and 2, 0-10,000 lbs)
e MDV: Medium duty vehicle (Class 3 through 6, 10,001-26,000 lbs)
e HDV: Heavy duty vehicle (Class 7 and 8, 26,001 lbs or more)

* ICE: Internal combustion engine vehicle
* BEV: Battery electric vehicle
* PHEV: Plug-in hybrid electric vehicle

 EVSE: Electric vehicle supply equipment; vehicle chargers
e L1:Level 1 EVSE (typically 1 to 3 kW)

e L2:Level 2 EVSE (typically 7 to 22 kW)

* DCFC: Direct current, fast charge EVSE (50 kW or more)
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Scenario Definitions

« Base Scenario: Most likely future, based on current trends and policy landscape

 Residential LDV EV market share follows California’s Advanced Clean Cars Il regulation, with the named
community market share adjusted downward.

* Non-residential EV market shares consistent with regional literature review (WA EV Council, SCL
Electrification Study, ATLAS Public Policy study)

* Solar PV storage adoption follows current market trends; the rate in named communities is lower than in
non-named communities.

 High Incentive Scenario: Alternative future where policies “incentivize” DER adoption in named
communities

e Residential EV market share in named communities is the same as in non-named communities

* Residential Solar PV and storage adoption rates in named communities is the same as in non-named
communities
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Results: Electric
Vehicles





Scope of EV and EVSE Analysis

LDV BEV
LDV PHEV

MDV BEV

HDV BEV

L1 EVSE

L2 EVSE

DCFC EVSE

v
v

v
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Electric Vehicle- and EVSE-Specific

Forecasting Framework

Service Point

Characteristics

DER Eligibility

and Adoption

DER Load

Impacts

Assign vehicle count, weight
class, and fuel type to each
service point

Account for known EV and
EVSE

For each service point

* |sinanamed community
*  Building type

BEV and PHEV
eligibility at vehicle turnover
adoption curves informed by
policies and trends

EVSE

“on-prem” adoption informed
by service point characteristics
Public assigned to non-
residential service points,
scales with number of BEV

Annual kWh is a function of
weight class and fleet type
Use EVSE profiles from 2022
Avista TE Report to transform
annual kWh into hourly
shape
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Data Sources for Electric Vehicle and EVSE

Analysis

Service Point

Characteristics

DER Eligibility

and Adoption

DER Load

Impacts

Avista customer data
Washington Department of
Licensing

US Census Bureau

8,000+ fleet vehicles
identified by

* Auvista Fleet Survey

e ATLAS Public Policy
e CarrierSource.io

Washington Open Data
Google Maps
Alternative Fuel Data Center

Avista customer data
Washington EV Council
ATLAS Public Policy

2022 Avista TE Report
Alternative Fuel Data Center
OEM Product Sheets
Federal Highway
Administration Origin-
Destination database
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8760 Forecast

18





BEV Approaches 64% of Residential Vehicle

Stock in 2045

Total Residential Vehicle Stock by Year, Base Scenario

600,000

500,000

400,000

300,000

200,000

Number of Vehicles

100,000

2023
2024
2025
2026
2027

2028
2029
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2031

m|CE

2032

2033
2034
2035

Year

BEV/PHEV

2036
2037
2038
2039
2040
2041

2042
2043
2044
2045

BEV and PHEV are
64% of stock in
2045
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BEV is 78% of Fleet LDV Stock and 49% of
Fleet MHDV Stock in 2045

Total Non-Residential Fleet Vehicle Stock by Year, Base Scenario

70,000
60,000 -
BEV and PHEV 49%
» 50,000 of MDV/HDV stock
S in 2045
S 40,000
)
‘G
@ 30,000
LD
E BEV and PHEV are
< 20,000 78% of LDV stock
in 2045
10,000

2023
2024
2025
2026
2027
2028
2029
2030
2033
2034
2035
2036
2037
2038
2039
2040
2043
2044
2045

2031
2032
2041
2042

Year

=DV ICE LDV BEV/IPHEV =sMDV/HDV ICE MDV/HDV BEV/PHEV
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EVSE Adoption Summaries

EVSE Adoption by Sector EVSE Adoption by Charger Type
Base Scenario, Nameplate MW in 2045 Base Scenario, Nameplate MW in 2045
Total: 2,973 MW Total: 2,973 MW
DCFC
Non-Res NonRes 346
(Fleet) (Pub+Work)

171

300

L2

Residential 2,327
2,110
Most charging is residential L2 is the predominant charging type
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Total EVSE Adoption by Named
Community and Scenario
Nameplate MW in 2045
Totals: 2,973 MW; 3,303 MW

Non-Named
1,650

Non-Named
1,642

Base High Incentive

More BEV in High Incentive scenario but
mix of charging types shifts.
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2,391 GWh of EVSE Load Impact by 2045

Annual EVSE Load Impact by Year, Base Scenario

3,000 Base scenario: 2,391 GWh in 2045

* 40% increase in Avista WA’s
2,500 electric load by year 2045.

* 2,373 GWh new load relative to
2,000 current-state

High incentive scenario: 2,617 GWh

.
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m Residential m Non-Residential (Public/Workplace) m Non-Residential (Fleet)
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Hourly EVSE Load Impact During Peak Periods

Service Territory Hourly EVSE Load Impact Service Territory Hourly EVSE Load Impact
Base Scenario, August Weekdays, Year 2045 Base Scenario, December Weekdays, Year 2045
600 600
500 500
_ 5
5 400 2 400
T 3
2 =
300
E = 300
(4]
w %
Z 200 g 200
<
100 100
0 0
01 2 3 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23
Hour Beginning Hour Beginning
M Residential ® Non-Residential (Public/Workplace) B Non-Residential (Fleet) M Residential  ® Non-Residential (Public/Workplace) HB Non-Residential (Fleet)

Hourly load impact is driven by input shape, which assumes most residential and
fleet charging happens overnight.
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Geospatial Results: Res EVSE Load Impact

Total MWH Impact for Residential EVSE
Year 2045, Base Scenario, Service Territory

Total MWH Impact for Residential EVSE
Year 2045, Base Scenario, Spokane
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Results: New
Generation and Storage





Geospatial Results: Non-Res EVSE Load

Impact

Total MWH Impact for Non-Residential EVSE
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Scope of New Generation and Storage %
Analysis '

Customer Solar PV v v
Customer Storage v v
Customer Wind v v

 AEG team’s analysis goes into detail for the technologies in the table above
* AEG team also considered other generation technologies (i.e., biomass, combined heat and
power) but did not include due to their unfavorable economics
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New Generation and Storage Forecasting

Framework

Service Point

Characteristics

DER Eligibility

and Adoption

DER Load

Impacts

Place known Customer Solar .
PV and Customer Wind at J
service points

For each service point
* Isinanamed community
* Building type

Apply eligibility criteria
For each year, apply adoption

probability that accounts for

e Historic Customer Solar and
Customer Wind adoption
trends

e Future changes in technology
price

e TOU rate structure for
Customer Storage

Assign nameplate size to each
adopter

Customer Solar PV: Res 2-7 kW,
Non-Res 25+ kW

Customer Storage: Res 5 kW/13
kWh, Non-Res 50 kW/100kWh
Customer Wind: 5 kW

Scale a “unitized” hourly load
profile by nameplate size.

Customer Solar and wind
profiles from 4 locations in the
territory

Customer Storage assumes
TOU rate structure
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Data Sources for New Generation and

Storage Analysis

Service Point

Characteristics

DER Eligibility

and Adoption

DER Load

Impacts

US Census Bureau

Avista DER interconnection
data

Avista customer data

Avista customer data
NREL DGEN market model
Avista TOU pilot tariff sheet

NREL PV Watts
AEG team analysis
Avista TOU pilot tariff sheet
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105 MW of Customer Solar PV Forecasted
in 2045

Customer Solar PV Adoption by Sector Total Customer Solar PV Adoption by Scenario
Base Scenario, Nameplate MW in 2045 Nameplate MW in 2045
Total: 105 MW Totals: 105 MW, 117 MW

Non-
Residential

16 Non-Named

Community
Non-Named 57
Community
56

Named
: : Named Community
Residential Community 61
88 49

Base High Incentive
84% of customer solar PV is Incremental 12 MW of solar PV in High
residential Incentive scenario
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127 GWh of Customer Solar PV Load
Impact in 2045

Annual, Customer Solar PV Load Impact by Year, Base Scenario
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Hourly Customer Solar PV Load Impact During
Peak Periods

Service Territory, Hourly, Customer Solar PV Load Impact
Base Scenario, Weekdays, Year 2045
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Geospatial Results: Solar PV Load Impact
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Wind and Storage Adoption

Customer Storage Adoption by Sector Customer Wind Adoption by Sector
Base Scenario, Nameplate MW in 2045 Base Scenario, Nameplate MW in 2045
Total: 97 MW Total: 0.5 MW

Non-
Residential Residential

23 0.1

Residential
04

Non-
Residential
74

Customer storage and customer wind load impacts are minimal.
e Storage: 2 GWh annual energy, -3 MW at summer peak, -9 MW at winter peak
Wind: <1 GWh, ~0 MW at summer and winter peak
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Questions?





Next Steps for Avista

* DER Potential Assessment
* Engage with identified large fleet customers directly and refine transportation electrification load forecast
* Include findings from the study in the load forecast
* Include results in the 2025-2026 System Assessment study plan

e Distribution Planning Advisory Group
* Collectinput from stakeholders on future topics
* Provide suggestions to DistributionPlanning@avistacorp.com
* Next meeting scheduled on July 24

Applied Energy Group, Inc. | appliedenergygroup.com
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Thank You.

~AEG
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From: Gross, John

To: Hawkins, Nora (COM)

Cc: Distribution Planning; Fisher, Damon; Lee, Erik
Subject: RE: [External] DPAG follow up

Attachments: image001.png

Nora,

Below is the compilation of responses | received for your questions. Please let me know if there are
any follow up items.

It looks like we have at least two good topics for our next DPAG meeting: DER Hosting Capacity Map
and Virtual Power Plants. Thank you for providing input and helping to make the DPAG a benefit to
our stakeholders.

As | mentioned on the call, I'd be very interested in seeing an overlay of your hosting capacity
analysis map with future predicted DER adoption. | know that might not be ready for the
current report but I'd be curious to see what an early analysis would look like. And, how might
that analysis change with more adoption of distributed energy storage? Could we discuss this
further at the July meeting?

o Qur current hosting capacity map can be found on our web site here. Laying the DER
potential over it is interesting and may highlight areas of the grid where the potential
for PV is much greater than the capacity. Such an analysis could drive grid
reinforcement projects. Our GIS team has been contacted so we can discuss what is
technically possible. This is a great topic for the next DPAG meeting and will be on the
agenda. Thanks for the suggestion.

| saw that the methodology document states that customers’ billed kilowatt-hours (kWh) and
peak kilowatts (kW) allow the team to calculate the maximum amount of solar PV the service
point is eligible for on Avista’s net metering tariff. Does the analysis enable this input to be
adjusted if a customer installs EV charging and then elects to install solar PV at the same
service point?

o We do not simulate this level of interaction. For this study, we did not have data that
characterizes the solar potential for each rooftop, so we used two pieces of data to
simulate installed solar kW: (1) historic data for installed kW size in Avista territory to
derive a point estimate for the installed solar kW and (2) historic billed kWh and kW to
put a reasonable upper bound on (1).

Is it possible to include a sensitivity analysis in the report that explores the load impacts of
solar paired with energy storage and EV charging? Similar to above, I’'m interested in how
pairing of DERs at a single service point changes the results.

o The computational intensity of our service-point based model makes sensitivity analysis
by running many scenarios impractical. However, the combined impact of energy
storage and EV charging at a service point that had adopted both would simply be the
two load impact curves overlaid up each other.

The methodology document indicates that increased incentives do not apply to energy
storage. Why was that assumption made?

o We did consider increased incentives in developing adoption curves, however our
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analysis indicated little sensitivity of adoption rate relative to up-front storage costs.

e [t sounded like for solar PV, the assumption was that full retail rate NEM ended after the NEM
threshold was reached (cumulative generating capacity of net metering systems equals four
percent of the utility's peak demand during 1996). | believe the consultant said that adoption
plateaued, not that it stopped entirely —is that correct. What distributed generation
compensation rate was assumer once the threshold was reached?

o We turned off the NEM effect in NREL’s DGEN model. When doing so, DGEN values
exported generation at the wholesale electricity rate rather than the full retail rate.

¢ The methodology document states that the consultant uses Avista-specified electricity rates
in NREL's dGEN model for customer storage and wind (page 40). | assume this is the case for
solar as well? What are the assumptions about how Avista’s rates will change over time? It
would be helpful to understand what rate assumptions the consultant is using since the
payback period for solar under NEM will vary with this input.

o Correct —we used Avista-specific tariffs for this analysis. In doing so, we used DGEN’s
default data inputs for rate escalation which assume an average of about 1-2% year-
over-year in real retail rates over the study period.

Thanks,

John Gross

Manager, System Planning

1411 E MISSION AVE | MSC-16 | SPOKANE, WA 99202
PHONE 509-495-4591 | CELL 509-434-9533
www.myavista.com

From: Distribution Planning

Sent: Wednesday, April 3, 2024 10:43 AM

To: 'Hawkins, Nora (COM)' <nora.hawkins@commerce.wa.gov>
Subject: RE: [External] DPAG follow up

Nora,

Thank you for the questions and comments. We are working on compiling some answers. | apologize
for not responding more quickly. | have also added the topic of virtual power plants to the list of
possible topics for the next DPAG meeting.

Thanks,

John Gross

Manager, System Planning

1411 E MISSION AVE | MSC-16 | SPOKANE, WA 99202
PHONE 509-495-4591 | CELL 509-434-9533



https://www.myavista.com/

https://www.myavista.com/



www.myavista.com

(]

From: Hawkins, Nora (COM) <nora.hawkins@commerce.wa.gov>
Sent: Wednesday, March 27, 2024 11:06 AM

To: Distribution Planning <DistributionPlanning@avistacorp.com>
Subject: [External] DPAG follow up

You don't often get email from nora.hawkins@commerce.wa.gov. Learn why this is important

Hi Avista distribution team,

Thank you for a very interesting DPAG meeting this morning. | appreciated the presentation by the
consultants and the opportunity to ask clarifying questions. | wanted to follow up with a few
additional clarifying questions and thoughts as the consultants finalize the DER Potential Study.

e As | mentioned on the call, I'd be very interested in seeing an overlay of your hosting capacity
analysis map with future predicted DER adoption. | know that might not be ready for the
current report but I'd be curious to see what an early analysis would look like. And, how might
that analysis change with more adoption of distributed energy storage? Could we discuss this
further at the July meeting?

e | saw that the methodology document states that customers’ billed kilowatt-hours (kWh) and
peak kilowatts (kW) allow the team to calculate the maximum amount of solar PV the service
point is eligible for on Avista’s net metering tariff. Does the analysis enable this input to be
adjusted if a customer installs EV charging and then elects to install solar PV at the same
service point?

e |sit possible to include a sensitivity analysis in the report that explores the load impacts of
solar paired with energy storage and EV charging? Similar to above, I'm interested in how
pairing of DERs at a single service point changes the results.

e The methodology document indicates that increased incentives do not apply to energy
storage. Why was that assumption made?

e [t sounded like for solar PV, the assumption was that full retail rate NEM ended after the NEM
threshold was reached (cumulative generating capacity of net metering systems equals four
percent of the utility's peak demand during 1996). | believe the consultant said that adoption
plateaued, not that it stopped entirely —is that correct. What distributed generation
compensation rate was assumer once the threshold was reached?

e The methodology document states that the consultant uses Avista-specified electricity rates
in NREL’s dGEN model for customer storage and wind (page 40). | assume this is the case for
solar as well? What are the assumptions about how Avista’s rates will change over time? It
would be helpful to understand what rate assumptions the consultant is using since the
payback period for solar under NEM will vary with this input.

In terms of the next meeting in July, | would be very interested in hearing Avista’s thoughts on
enabling virtual power plants in your service territory. What’s the current status and is the focus only
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on commercial customers or on residential as well? Are you more interested in VPPs using modified
loads (e.g. heat pump water heaters, programmable thermostats) or also on distributed generation
and storage? What are some of the obstacles that would need to be overcome to explore VPP?

Thank you for your time and consideration,
Nora

Nora Hawkins (she/her)
Senior Energy Policy Specialist
Washington State Department of Commerce | Energy Office

USE CAUTION - EXTERNAL SENDER
Do not click on links or open attachments that are not familiar.

For questions or concerns, please e-mail phishing@avistacorp.com
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Subject:
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Attachments:

Gross, John
Morgan, Molly (UTC

Atitsogbe, Sofya (UTC); Moline, Heather (UTC); joshua.dennis; Benjamin, Tia; Andrews, Liz; Ghering, Amanda;
Fisher, Damon; Lee, Erik; Fred Schaefer; Arzbaecher, Cecilia; GaII, James; Farley, Rendall

RE: [External] RE: Avista Distribution Planning Advisory Group 2024 Meeting 1
Thursday, April 18, 2024 8:32:40 PM
image001.png

Caution - External Email

Molly,

Please see responses to your questions below. Sorry for the delay in providing a response. |
appreciate the interest and look forward to further discussion.

1. Regarding modeling assumptions did Avista account for the following:
o population growth in Avista’s territory.

m We (AEG team) used Avista’s 2023 vintage customer forecast, which extends

through year 2027. Beyond 2027, we extrapolated through the end of our
forecast horizon (2045) by using the average 2024-2027 growth rate, which
results in about 1% growth in number of service points per year.

o migratory behavior of people (rural to urban/sub-urban).

= We did not model net customer migration (i.e., urban census tracts having a

different rate of change than suburban and rural) other than adding service
points that correspond with the timing, location, and quantity of Avista’s known
developments, which includes some residential buildings.

o new load arising from city of Spokane developments (mentioned by one of the

participants during the meeting) and PNW hydrogen hub investments.
= We account for the timing, location, and quantity of Avista’s known

developments and apply the same adoption framework as existing service points
for the scoped DERs: solar, storage, wind, and electric vehicles. In addition, the
scope of this study is a forecast of load impact from solar, storage, wind, and
electric vehicles relative to today’s current state rather than a comprehensive,
distribution system-level load forecast. Avista does account for known
development in the distribution planning process. Presently, there are not
known PNW hydrogen hub projects included in our evaluations of system
capacity.

o reduction in miles traveled, consistent with WSDOT VMT targets.

= We did not explicitly model scenarios that varied drivers of energy consumption

(increased efficiency of motors, reduced efficiency from larger vehicles
electrifying, increases in VMT from moving to suburbs, reductions in VMT due to
statewide targets) from electric vehicles.

What effect did it have on EV number per person and hours of availability? See
above.

o battery degradation in EVs.

= We don’t explicitly account for battery degradation, but our miles per kWh

assumptions are averages that would account for a mix of both new and
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degraded batteries.

2. What specific decisions will this analysis inform and how does this analysis contribute to
establishing energy-resilient communities in Avista’s territory?

e The DER Potential Assessment results are planned to be incorporated in the data
assumptions of the 2025-2026 System Assessment. The objective of the System
Assessment is to identify system deficiencies based on the forecasted assumptions and
then propose corrective action plans to mitigate the deficiencies. The DER Potential
Assessment will provide better forecasting information than our past forecasting
methodology used for our electric distribution system. With a better forecast, the idea
is we will be able to proactively create corrective action plans to equitably provide
energy resiliency to our customers and communities.

3. Is Avista planning to aggregate the energy from DERs for sale on energy markets?

e Avista is not planning to aggregate the energy from DERs for sale on energy markets.
Further discussion would be helpful to gain a shared understanding of the complexity
involved with various types of generation, the associated contracts (net-meter, PURPA),
generator owner, third party power purchase agreements, transmission service
requirements, etc.

4. What non-state-gov/non-company/non consultant participation were there in the latest
meeting and does Avista feel they were able to get meaningful feedback from those folks?
Any key folks Avista or Staff should follow-up with, either now or in the future?

e Reviewing the meeting attendance, there was a few participants (three) not affiliated
with an organization to our knowledge, five participants associated with the City of
Spokane, one with SNAP, and one with NWEC. The rest of the participants were either
from Avista, WUTC, Department of Commerce, or interested peer utilities. Participation
seems to primarily come from WUTC and Commerce. We have received some
suggested future topics from Fred at NWEC. | am not aware of a specific reason to
suggest the listed participants should have a follow-up discussion but would be happy
to address any other considerations.

5. Was the granularity of this forecast was down to census tract of block? Regardless, does this
analysis give Avista an idea of where to focus distribution system investments, to prepare for
this forecasted DER adoption?

e The forecast was down to the census block. The intent is for the analysis to provide
information to help us identify future system constraints. As mentioned above in
response to question 2, the next step is to use the data in our System Assessment
process.

e Was there any analysis at feeder level?

i. Feeder level analysis will be done in the System Assessment process.

Thanks,

John Gross

Manager, System Planning

1411 E MISSION AVE | MSC-16 | SPOKANE, WA 99202
PHONE 509-495-4591 | CELL 509-434-9533

www.myavista.com
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From: Morgan, Molly (UTC) <molly.morgan@utc.wa.gov>

Sent: Tuesday, April 9, 2024 11:22 AM

To: Gross, John <John.Gross@avistacorp.com>

Cc: Atitsogbe, Sofya (UTC) <sofya.atitsogbe@utc.wa.gov>; Moline, Heather (UTC)
<Heather.moline@utc.wa.gov>; joshua.dennis <joshua.dennis@utc.wa.gov>
Subject: [External] RE: Avista Distribution Planning Advisory Group 2024 Meeting 1

You don't often get email from molly.morgan@utc.wa.gov. Learn why this is important

John,

Staff has some follow-up questions from the latest DPAG meeting. Please feel free to forward this to
whomever on your team, | wasn’t sure if this needed to go to the entire group so do with it what you
will.

Staff questions to Avista and/or AEG:
1. Regarding modeling assumptions did Avista account for the following:
o population growth in Avista’s territory.
o migratory behavior of people (rural to urban/sub-urban).
o new load arising from city of Spokane developments (mentioned by one of the
participants during the meeting) and PNW hydrogen hub investments.
o reduction in miles traveled, consistent with WSDOT VMT targets.
s What effect did it have on EV number per person and hours of availability?
o battery degradation in EVs.

2. What specific decisions will this analysis inform and how does this analysis contribute to
establishing energy-resilient communities in Avista’s territory?

3. Is Avista planning to aggregate the energy from DERs for sale on energy markets?

4. What non-state-gov/non-company/non consultant participation were there in the latest
meeting and does Avista feel they were able to get meaningful feedback from those folks?
Any key folks Avista or Staff should follow-up with, either now or in the future?

5. Was the granularity of this forecast was down to census tract of block? Regardless, does this
analysis give Avista an idea of where to focus distribution system investments, to prepare for
this forecasted DER adoption?

a. Was there any analysis at feeder level?

Best,

Molly Morgan (she/her)

From: Gross, John <John.Gross@avistacorp.com>
Sent: Thursday, February 8, 2024 3:51 PM
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To: Gross, John; Ghering, Amanda; Brandon, Annette; Spacek, April; aubrey; Chain, Brian;
Brian.Robertson@cngc.com; Carol Weltz; sahler@lclark.edu; Charlee Thompson; Dux, Chris;
Madunich, Chris (ECY); dahmen.garner?2 @clearwaterpaper.com; Johnson, Dan;
dkirschner@nwga.org; Soyars, Darrell; Vowels, David; dylanldsouza@gmail.com; fred; gavin; Moline,
Heather (UTC); Rosentrater, Heather; Gall, James; jason.talford; Snyder, Jennifer (UTC); magneglide;
Lyons, John; Rothlin, John; Scanlan, Kathi (UTC); Kathleen.Campbell@mdu.com; Dengel, Kelly;
Damron, Kevin; kevindavis@iepco.com; Holland, Kevin; Boynton, Kim; [ragan@|ecet.org; Reichart, Liz
(COM); mark.sellers-vaughn@cngc.com; Brutocao, Michael; DeBell, Michelle (COM); Diedesch,
Michael; Hermanson, Mike; Magruder, Mike; Brewer, Molly (UTC); njackson@nwga.org; Hawkins,
Nora (COM); DSP@pacificorp.com; Ehrbar, Pat; Farley, Rendall; Zimmerman, Renee; Arts, Reuben J;
Finesilver, Ryan; sholstrom@liuna238.com; Shauna.Thomas@pacificorp.com; Bonfield, Shawn;
Shay.Bauman; Atitsogbe, Sofya (UTC); Maier, Stacie; XSTEVEJOHNSON; Bradley, Tamara;
taylor.thomas; Hermann, Theodore; Malensky, Vern; Bautista, Victor; Shane, Xin; Hermanson, Lori;
Forsyth, Grant; boleneus; ki@spectrumcenterspokane.org; ben.luxenberg; john@oregoncub.org;
McConnell, Kody (UTC)

Cc: #Corp System Planning; Arzbaecher, Cecilia; Morris, Eli; William Marin; Fred Schaefer; Walter,
Kenneth; Jean Shelton; Collin Elliot

Subject: Avista Distribution Planning Advisory Group 2024 Meeting 1

When: Wednesday, March 27, 2024 9:00 AM-10:50 AM (UTC-08:00) Pacific Time (US & Canada).
Where: Microsoft Teams Meeting

External Email

Hello Avista Distribution Planning Advisory Group (DPAG) participants,
Please join us for our 2024 Meeting 1 where we will cover the following topics:

e DER Potential Assessment
e Stakeholder Input on Future Topics

Thanks,

John Gross

Manager, System Planning

1411 E MISSION AVE | MSC-16 | SPOKANE, WA 99202
PHONE 509-495-4591 | CELL 509-434-9533

www.myavista.com
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Microsoft Teams meeting

Join on your computer, mobile app or room device
Click here to join the meeting

Meeting ID: 220 913 219 544

Passcode: hmSsdb
Download Teams | Join on the web

Or call in (audio only)
+1509-931-1514,,51683416# United States, Spokane

Phone Conference ID: 516 834 16#
Find a local number | Reset PIN

Learn More | Meeting options
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Introduction by Damon Fisher, Avista
This is the first DPAG meeting of the year. The AEG Team, a vendor to Avista, will present and discuss the
results from a DER Potential Study approaching its final stages.

1. Context of the Presentation: Eli Morris, AEG, presented Slides 1-5
AEG has conducted EE and DR potential studies for Avista for many years for the Washington and
Idaho service territories. This new study builds upon our past work and expands into researching
and forecasting the potential for EV and customer generation in Avista’s Washington service
territory.

The DER Potential Study satisfies Condition 14 from WUTC approval of Avista’s Clean Energy
Implementation Plan. See slide 4 in the slide deck for the project objectives and slide 5 for a
project overview.

2. Forecasting Overview and Results: Fred Schaefer, Cadeo, presented Slides 6-34

a. Executive Summary of Results. Residential EVSE, followed by Fleet EVSE, will have the
most considerable grid impacts in our forecast. See slides 7 and 8 for summary results.

b. Forecasting Overview. We applied a consistent framework and used localized data about
each service point in the model to simulate the impact using forecasted adoption. The
census block represents about 800 homes. Each shaded area is a census block group.
Named Community data are available at the census tract level. We assumed a
“planning” peak at the hour ending 18:00 on July and December weekdays. This may
differ from actual system peak periods. We modeled two scenarios: Reference and High-
Incentive Scenarios. See slides 9-14 and the DER Forecasting Methodology document for
detailed information about the forecasting approach.

c. Electric Vehicle Results. BEVs and PHEVs will account for 64% of residential stock by
2045. The percentage is even higher for fleet LDV stock, 78%. EV load shaping will
become essential for Avista. See slides 15-24 for details.

d. New Generation and Storage Results. Residential solar PV accounts for the most
significant load impact. See slides 25-34 for details.

Questions and Feedback from Attendees (grouped by person):

Fred Heutte: Slide 8 shows the EVSE load will become quite large. How does that amount compare to
the total for Avista?
Fred Schaefer: The DER potential study is only for Washington. Avista’s total for Washington was
5,500 GWh a few years ago. The CPA study is currently being updated.
James Gall: Total MWh for Washington and Idaho was 9,767,243 MWh in 2023.





Rendall Farley: What drives the 78% LDV stock of the non-residential fleet, which is higher than 64% for
the residential fleet?
Fred Schaefer: It is because fleet vehicles are being turned over more often than residential
vehicles.

Sofya Atitsogbe: On slide 19, return to 64% by 2045. The state is trying to reduce the number of miles
people travel. More people are moving to the cities, and better public transportation will allow this. Did
you account for fewer miles traveled in future years in the study?

Fred Schaefer: No, we did not.

Sofya Atitsogbe: How about self-driving vehicles? Did you include those?
Fred Schaefer: No, we did not.

Sofya Atitsogbe: Was vehicle-to-grid (V2G) included? Why not? It should be included because Avista
already works in this area and may have some programs in 2026.
Fred Schaefer: No, we did not consider V2G for this study. We will discuss this with Avista.

Kevin Freibott: The big, dark area of customer solar impact in slide 33 is an international airport.
Airports cannot use anything with reflections, such as PV panels. The military is also hesitant about
adding solar because of reflection issues.

Fred Schaefer: We will discuss this with Avista.

Kevin Freibott: This presentation has been beneficial for city planning purposes. How do your analyses
account for the 100,000 people moving to Spokane County?
Fred Schaefer: Using Avista’s customer growth rate projections, we include customer growth.
Grant Forsyth: One thing to remember is that Avista’s growth projections are due to people
moving to Spokane. If people stop moving here, the projection will change.

Nora Hawkins: Can you go over what you used for rates?
Fred Schaefer: We did not assume any sensitivity around solar rates. Slide 31 shows the solar
impact levels around 2029-2030.

Nora Hawkins: Under the high-incentive scenario, did you show any sensitivity to adopting solar only
(no storage) in Named Communities? How would the absence of storage change the results/impacts?
This is relevant since Solar for All incentivizes bill savings through a solar deployment (less focus on
storage).

Fred Schaefer: No, we did not do a sensitivity analysis.

Nora Hawkins: Regarding slide 33, Solar PV Load Impact, adding solar to customers with older homes
requiring house repairs will be challenging. Therefore, we must combine solar with roof repair funding to
advance solar growth.
Fred Schaefer: A high-incentive scenario would reduce the adoption barrier in Named
Communities. Though we aren’t presenting the high-incentive scenario results here today, those
results are more significant than those in the reference scenario.

Nora Hawkins: Do the solar PV load impact slides include only net metering customers and not any
community solar customers?
Fred Schaefer: Yes, only individual, net-metered systems.





John Gross: Overlaying hosting capability is a possibility. Avista is trying to do this. We cannot do it
tomorrow, but we are looking at it. We must consider who pays for these upgrades and how to
distribute the equipment upgrade costs to customers.

John Gross: This is a snapshot in time. A forecast is never perfect. It can be updated. In future updates,
we can consider some of the feedback from the stakeholders.
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Introduction

Section 1 Introduction

Avista Utilities (Avista) contracted with AEG, Cadeo, and Verdant (“the team”) to forecast the
potential load impacts from distributed energy resources (DER) adoption in its Washington (WA)
service territory through 2050. As the markets for electric vehicles, on-site renewable generation,
and energy storage mature, it is essential to understand the effects of these technologies on the
electric system and how they will impact the available capacity. The DER load impact estimates
will help Avista gain insight into the opportunities and challenges of increasing DER adoption in
its Washington distribution system.

Specifically, the DER forecast will allow Avista to understand where DERs are likely to appear on
its distribution system and lay a foundation for other distribution system planning efforts to
determine the associated risks, potential costs to both the utility and its customers, and
opportunities to influence this adoption to provide maximum benefit to the utility system and
customers under different scenarios.

This document outlines the team’s proposed methodology for its DER forecast in Avista’s
Washington service territory. As a next step of the project, the team will collaborate with Avista
to finalize the method before developing the forecast itself.

The team has organized the remaining sections of this document as follows:

e Section 2 Data Sources describes the Avista data and external source data that the
team will use to characterize Avista customers and develop assumptions for the DER
forecast.

e Section 3 AdopDER Modeling Framework provides an overview of the AdopDER
software the team will use in its forecast.

e Section 4 Electric Vehicles and Charging describes the team'’s approach to developing
AdopDER input data for electric vehicles (EVs) and electric vehicle service equipment
(EVSE).

e Section 5 New Generation and Storage describes the team’s approach to developing
AdopDER input data for customer-owned solar photovoltaic (solar PV), wind, and
storage resources.
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Section 2 Data Sources

In this section, the team provides a high-level description of the data sources it will use to
develop its DER forecast. As is typical of a potential study, the team's sources are numerous and
diverse. Avista provided some data sources in response to the team'’s request at the project's
outset (2.1 Avista Data Sources). The team identified additional data sources to supplement the
Avista-provided sources (2.2 External Data Sources).

The team describes using Avista and external data sources to derive DER-specific model inputs
in Sections 4 and 5.

2.1 Avista Data Sources

The team began this study by providing Avista with a comprehensive data request. This section
describes the data Avista shared with the team and how the team intends to use it.

2.1.1 Customer-Specific Data Sources

Avista provided customer-level data that the team will use to establish the universe of service
points’ and inform the DER potential associated with each site for this project. The team
describes how it will use these data below:

¢ Premise and service point identifiers determine which premises and service points to
use in the modeling framework and join data files received from Avista.

e The rate schedule associated with each service point determines whether it is residential
or non-residential.

e The latitude and longitude for each service point allow the team to link to external
geospatial data sources as needed.

e The billed kilowatt-hours (kWh) and peak kilowatts (kW) allow the team to calculate
the maximum amount of solar PV the service point is eligible for on Avista’'s net metering
tariff.

e Avista engaged with Bidgely to identify current service points with electric vehicle
charging, as determined by their load profiles.

e The existing DERs tell the team which service points have interconnected solar and wind
generation as of June 2023 and the nameplate capacity of each system.

e Avista has purchased household-level demographics and building characteristics
from Acxiom, which the team will use to characterize the building stock for residential
customers.

e Avista has provided non-residential customer names that the team will use to identify
potential fleets of vehicles.

' Generically, the term “service point” is approximately equivalent to an electric meter. Specifically, Avista's customer data includes a
service point identifier that the team will use as the lowest level of resolution for this study.
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e Avista has provided data from its transportation electrification program that
describes the EVSE type and count for its 829 participants. These data also provide a
count of battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) for
the program participants.

2.1.2 Customer Forecasts
The team has received two sources of customer forecast data from Avista.

2.1.2.1 Service Territory Forecast

First, Avista has provided a service territory-level customer forecast through 2027 that aligns
with the customer forecast provided for its concurrent Conservation Potential Assessment.? To
extend this forecast through 2050, the team will trend the last year in the forecast with an
average annual growth rate. This customer forecast will inform the total number of new service
points in Avista’s service territory each year of the forecast.

2.1.2.2 Known Developments

Additionally, Avista has provided a geographic information system (GIS) shape file of known
developments for distribution planning. This shape file includes approximately 400 future
developments with expected completion dates through 2032. The team has used GIS software
to assign these developments to a 2020 census block. It will use these data to place a specific
number of customers at specific locations on Avista’s distribution system. The developments
include residential, commercial, industrial, and EVSE installations.

The team will filter the data to include only developments with the following criteria:

e In a Washington census block
e Confidence > 50
e Known, expected completion date in calendar year 2023 or later.

2.1.3 Named Communities

The team has identified the Named Communities as any Avista service point for which one or
more of the following is true:

e Highly Impacted Population in a census tract with a WA Department of Health® “EHD
v2.0 Overall Rank” score of 9 or 10.

2 AEG is currently working with Avista to conduct a conservation potential assessment that includes energy efficiency and demand
response resources. This study is expected to be completed in mid-2024. Grant Forsyth, Avista Chief Economist, provides the
customer forecast.

3 “Instructions for Utilities to Identify Highly Impacted Communities.” Washington State Department of Health, accessed September
22, 2023. https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/climate-projections/clean-energy-
transformation-act/ceta-utility-instructions. The team used the most recent score available, created in August 2022.




https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/climate-projections/clean-energy-transformation-act/ceta-utility-instructions

https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/climate-projections/clean-energy-transformation-act/ceta-utility-instructions
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¢ Vulnerable Population in a census tract with a composite score of 9 or 10 in the
sensitive population or socioeconomic subcategories, as identified by the WA
Department of Health's Environmental Health Disparities Map.*

e Tribal Land in a tribal land identified by an Avista-provided GIS shape file.®

2.1.4 2022 Annual Transportation Electrification Report

The team will use Avista’s 2022 Annual Transportation Electrification Report (Avista TE Report) as
a data source for EVSE load impacts.® The Avista TE Report analyzes charging infrastructure,
characterizes charging load profiles, and provides anecdotal data about transportation
electrification activities within the Avista service territory.

2.1.5 Fleet Survey

Avista conducted a multi-modal (i.e,, web and phone surveys) fleet survey from a sample frame
of approximately 1,600 non-residential accounts in the area between US Interstate 90 and the
Spokane River (Figure 1 shows a dark gray circle for each service point associated with these
accounts).

Figure 1. Sample Frame for Fleet Data Collection Survey
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For the fleet survey, the team drafted a brief survey instrument for Avista to collect the following
information for this study.

e Does the account have a fleet that operates in Eastern Washington?

4 Available at https://fortress.wa.gov/doh/wtn/WTNIBL/. Sensitive population and socioeconomic composite scores were accessed on
August 21, 2023.

> Avista provided the Tribal land GIS shapefile to the AEG team on August 16, 2023.

6 "Electric Transportation." Avista Utilities. Accessed September 19, 2023. https://www.myavista.com/energy-savings/electric-

transportation




https://fortress.wa.gov/doh/wtn/WTNIBL/

https://www.myavista.com/energy-savings/electric-transportation

https://www.myavista.com/energy-savings/electric-transportation
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e Number of LDVs in the fleet.

e Number of MDVs in the fleet.

e Number of HDVs in the fleet.

e Street address(s) where the fleet is located.

e The percentage of fleet that will be electrified in 2, 5, and 10 years.

2.2 External Data Sources

In addition to the data Avista provided for this study, the team acquired data from other
sources. This section describes those sources and how the team intends to use each to
supplement Avista's data.

2.2.1 United States Census Bureau TIGER Shapefiles

The team'’s DER forecast will be at the census block level. To facilitate this level of detail and join
Avista’'s customer data to other sources, the team mapped each Avista service point to its census
"GEOQID" using geographic information system (GIS) shapefiles for the 2020 decennial census
from the United States Census Bureau.” The census “GEOID" identifier is a 15-digit code
identifying the state, counties, census tracts, census block group, and census block.?

2.2.2 Tax Parcel Databases
Cadeo has obtained tax parcel data from two sources for this study.

e Washington Current Parcels.’ This data, published by the WA State Office of the Chief
Information Officer, contains a standardized “land use code”'® that indicates the
economic use of each tax parcel. The team matched the latitude and longitude of each
Avista service point to the parcel boundaries defined by the GIS shape file.

e Spokane County Assessor Database."' The Spokane County assessor's office publishes
property tax and valuation data on its website. Spokane County accounts for over 70% of
Avista's WA service territory customers. Thus, the team elected to use these data files to
supplement the land use codes with parcel data that includes building vintage, building
size, and the presence of a garage or parking areas for a large portion of Avista’s

" "TIGER/Line Shapefiles.” US Census Bureau. Accessed September 22, 2023. https://www.census.gov/geographies/mapping-
files/time-series/geo/tiger-line-file.html

8 “Standard Hierarchy of Census Geographic Entities.” Census Bureau. Accessed September 22, 2023.
https://www?2.census.gov/geo/pdfs/reference/geodiagram.pdf.

° “Current Parcels.” Washington Geospatial Open Date Portal. Accessed September 22, 2023. https://geo.wa.gov/datasets/wa-
geoservices::.current-parcels/explore.

10 "Stratification of assessment rolls—Real property.”, Washington State Legislature. Accessed September 22, 2023.
https://apps.leg.wa.gov/wac/default.aspx?cite=458-53-030.

" “Property Information Downloads.” Spokane County Treasurer. Accessed September 22, 2023.
https://www.spokanecounty.org/4123/Property-Information-Downloads
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https://www2.census.gov/geo/pdfs/reference/geodiagram.pdf

https://geo.wa.gov/datasets/wa-geoservices::current-parcels/explore

https://geo.wa.gov/datasets/wa-geoservices::current-parcels/explore

https://apps.leg.wa.gov/wac/default.aspx?cite=458-53-030

https://www.spokanecounty.org/4123/Property-Information-Downloads
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customer base. These data share a parcel identifier with the current parcel source
described above.

For this project, the team will use the tax assessor data from Spokane County to extrapolate
building characteristics (e.g., building vintage, presence of a garage) to the other, smaller
counties in the Avista service territory. The team chose this path because each county curates
this information differently, requiring bespoke, high-effort approaches to acquire data like
Spokane County's. Third parties, such as First American Data Tree, aggregate and standardize
such data and make it available for a fee; however, their terms of use are restrictive for
consulting engagements.

2.2.3 2021 American Community Survey

The team used the 2021 American Community Survey (ACS) 5-year data'® to obtain
demographic data for each census block group in Avista's WA service territory to develop a
propensity score for customer solar PV adoption. Specifically, the team collected the following
variables for each block group:

e Total Population

e Median Age

e Median Household Income

e Percentage of Dwelling Units by Housing Type: single-family detached, single-family
attached, multifamily (5 or more units), or manufactured.

e Percentage of Dwelling Units by Tenure: owner- or renter-occupied

The team will use these data to develop a propensity score that rank-orders customer solar PV
adoption rates for each census block group in Avista’'s WA service territory.

2.2.4 Washington Department of Licensing Vehicle Registration

Cadeo purchased a dataset from the Washington Department of Licensing (WA DOL) that
contains data for approximately 600,000 vehicles registered in the counties covered by Avista’'s
WA service territory in 2022. The dataset includes the following:

e Vehicle Identification Number

e Model Year

e Vehicle Type

e Vehicle Primary Use

e Fuel Primary Use

e Fuel Secondary Use

e Gross Vehicle Weight Rating (GVWR) Class
e Electrification Level

e Owner Type

12 “American Community Survey 5-Year Data (2009-2021)" US Census Bureau. Accessed September 22, 2023.
https://www.census.gov/data/developers/data-sets/acs-5year.html..
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e County
e Postal Code
e Census Tract (2020)

2.2.5 ATLAS Public Policy Washington Vehicle Fleet Inventory

ATLAS Public Policy conducted a 2020 study for the WA State Legislature Joint Transportation
Committee on public vehicle electrification that included an inventory of the state's public
vehicles. One of the project’s deliverables is a dashboard of vehicles that shows counts by public
agency, vehicle type, and county.” The team will use this dashboard, among other sources, to
characterize the vehicle stock in Avista service territory.

Vehicles by County Vehicles by Agency Category and
Vehicle Type
‘ Vehicle Category Vehicles BEVs PHEVs
= City & County 14,957 434 346
HEAVY-DUTY 3,019 15 2
VEHICLE
LIGHT-DUTY 6,298 366 282
VEHICLE
MEDIUM-DUTY 5,640 53 62
VEHICLE
= Public Transit 9,110 240 5
CARGO VAN 6
COACH BUS 93
PASSENGER VAN, 138
<15 PASSENGER
Useful Life (Years) by Vehicle Category @ = PICKUP 8

Figure 2. Screenshot of ATLAS Public Policy Washington Vehicle Fleet Inventory

2.2.6 ATLAS Public Policy Electrification Assessment

In addition to the database of vehicles described above, ATLAS Public Policy produced a written
report, “Electrification Assessment of Public Vehicles in Washington"14 (ATLAS report), that
characterizes the trends in public fleet electrification in WA. The team uses many of the findings
in this report in its analysis of electric vehicle adoption curves.

'3 "Washington Vehicle Fleet Inventory.” ATLAS Public Policy. Accessed September 22, 2023. https://atlaspolicy.com/washington-
vehicle-fleet-inventory/

™ “Electrification Assessment of Public Vehicles in Washington.” ATLAS Public Policy. Accessed September 22, 2023.
https://atlaspolicy.com/electrification-assessment-of-public-vehicles-in-washington/.
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2.2.7 Federal Highway Administration NextGen OD Data.

The team obtained an origin-destination dataset from the Federal Highway Administration (FHA
OD Data). FHA's documentation for these data indicates that they are derived from truck data
providers ATRI and INRIX and include FHA vehicle classes 5 through 13." The team notes that
FHA's classification system is not the gross vehicle weight rating (GVWR) class 1-8 system used
for this study. Still, classes 5 through 13 are analogous to GVWR classes 3 through 8 (10,001
pounds or higher gross vehicle weight) with buses excluded.

The dataset tracks the number of trips and their associated mileage by origin metropolitan
statistical area (MSA) and destination MSA. Figure 3 illustrates these data, including the total
origin and annual trips terminating in the Spokane-Spokane Valley MSA.

Number of Trips to Spokane MSA by Origin MSA

o

\ 2,651 3
‘;(-\ Bellingham, WA
€4

O C 1,006
< Vernon-Anacortes, WA

© 2023 Mapbox © OpenStreetMap

Figure 3. FHA OD Data lllustration

2.2.8 US Department of Energy’s Alternative Fuels Data Center Database

The team used the US Department of Energy’s Alternative Fuels Data Center (AFDC) “alternative
fuel stations” API'® to obtain data (location and count of ports by charger type) for
approximately 110 current public charging locations in Avista's Washington service territory. For

15 "Traffic Monitoring Guide, Appendix C.” Federal Highway Administration, accessed September 22, 2023.
https://www.fhwa.dot.gov/policyinformation/tmguide/tmg 2013/vehicle-types.cfm

'6 "Alternative Fuel Stations.” National Renewable Energy Laboratory, accessed September 22, 2023.
https://developer.nrel.gov/docs/transportation/alt-fuel-stations-v1/
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this study, the team mapped each site identified by AFDC to the closest non-residential service
point in Avista territory."’

2.2.9 US Department of Agriculture Rural-Urban Commuting Area

The team will use the US Department of Agriculture Rural-Urban Commuting Area (RUCA) data
file'® to determine which service points are in urban and rural areas. The RUCA urban/rural
assignments are for 2010 vintage Census Tracts and are scored on a 10-point scale where 1
represents the most metropolitan areas, and 10 means the most rural areas.

2.2.10 Washington Electric Vehicle Coordinating Council

The Interagency Electric Vehicle Coordinating Council (EV Council) develops transportation
electrification (TE) strategies, manages TE funding, and leads TE-related outreach for WA."® The
team will use data from EV Council-sponsored studies to inform its electric vehicle adoption
forecasts.

2.2.11 CarrierSource

CarrierSource® is a marketing website that aggregates listings and ratings for freight carrier
fleets and includes fleet size information. The team will use this site to identify and size private
HDV fleets in Avista’s service territory.

7 The team used a distance threshold of approximately 100 meters for this mapping. That is, it matched an AFDC site to the closest
Avista service point only if it was within a 100-meter radius.

'8 “Rural-Urban Commuting Area Codes” United States Department of Agriculture, accessed September 22, 2023.
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/.

¥ Washington State Department of Commerce. "Electric Vehicle Coordinating Council." Accessed on September 4, 2023.
https://www.commerce.wa.gov/growing-the-economy/energy/clean-transportation/ev-coordinating-council/.

20 CarrierSource. Accessed on November 14, 2023. https://www.carriersource.io/trucking-companies/united-
states/washington/spokane.
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Section 3 Overview of AdopDER Framework

AdopDER is a software application written in Python that Cadeo developed with Portland
General Electric (PGE) for use in PGE's integrated resource planning and distribution system
planning activities. AdopDER can estimate site-level adoption of over 40 DERs?' and develop
long-term, hourly load impacts from those DERs at a granular level across a utility distribution
system.

Input
Development

¥
DER Updated Site Check DER M Apply Load Create 8760
Forecast* Characteristics Eligibility Adoption Impacts Forecast
t—Up\:lema Time Step

Stock Assessment Load Impact 8760 Forecast

*Repeat with alternate inputs for each scenario

Figure 4. AdopDER process flow diagram

Figure 4 shows AdopDER's process flow diagram; it uses a consistent framework to forecast the
adoption and load impacts for each DER in the scope of this study. In the remainder of this
section, the team describes the framework shown in Figure 4 in more detail. Sections 4 and 5 of
this document describe the approaches to creating input data for the specific DERs.

3.1 Input Development

The first step in our forecasting process is input development. AdopDER relies heavily on the
customer and market data described in Section 2 of this document to characterize distributed
energy resource adoption and electrification.

The team will analyze, summarize, and load data from the sources described in Section 2 into
AdopDER's input data structure illustrated in Figure 4. AdopDER's input data structure includes
the following:

21 The team designed AdopDER to forecast adoption and hourly load impacts for various DERs, including building electrification,
transportation electrification, solar, storage, demand response, and flexible loads.
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¢ Initial Site Characteristics describe the existing stock of buildings at each service point
in Avista's service territory. This data includes the presence of existing DERs, the 2020
census block group, whether the service point is in a Named Community, and the
building type (economical use), vintage, and presence of parking, as sourced from tax
parcel databases. These characteristics can change over time in the DER forecast.

e Customer Forecast describes how the number of service points in Avista’'s service
territory changes over time.

e Customer Intelligence includes location and year of specific customer growth from the
Known Developments source that Avista provided.

¢ Adoption Curves describe the time-variant proportion of eligible service points that the
team expects to adopt each DER in each year.

¢ DER Load Impacts describe the expected hourly load impacts (in kWh) from each DER at
each service point.

After collecting, analyzing, and standardizing input data sources described above, the team will
conduct quality control steps to verify data integrity and that the ranges and distributions of
values are consistent with the team'’s expectations.

3.2 DER Forecast

In this section, the team describes the three discrete steps of AdopDER’s forecasting workflow.

3.2.1 Stock Assessment

AdopDER's stock assessment creates a service-point DER adoption forecast using stochastic,
site-level process flow that repeats for each site, DER, and year. Figure 5 and the subsequent text
describes the process flow in greater detail.

Calculate
Conditional

Adoptian, P

Probability of —L
Initial Site Update Site Check .

Generate
- e Random
Number, X

Figure 5. Stock Assessment Detail

Update Site Characteristics. As described above, we begin with the initial characteristics of
each service point in the base year of the forecast (2022). Then, for each subsequent year of the
forecast horizon, we update the equipment stock based on a stock turnover mechanism and
assumed measure adoption from previous years. For example, a single vehicle presence in the
year 2024 is a function of the type of vehicle (internal combustion [ICE], BEV, or PHEV) that was
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present in 2022, a lifetime function,?® and whether our stock turnover function retired the system
in 2022 or 2023.

Check Eligibility. After updating the site characteristics for each subsequent year of the 20-year
forecast horizon, we update the eligibility of each DER at each service point. For a study such as
this one, the primary purpose of this step is to check for vehicle retirement, which determines
eligibility to adopt a BEV time variant. The eligibility criteria for other DERs in this study (solar,
storage, and wind) are tied to the physical characteristics of the service point rather than the
replacement of end-use equipment and, thus, is time-invariant. If eligible, AdopDER determines
a random number X that it will compare against a probability specified by an adoption curve.

Adoption. We simulate adoption using measure-specific adoption curves (also known as ramp
rates) that determine the probability that an eligible service point adopts a DER suitable for the
current year. Tactically, AdopDER makes the adoption decision by comparing the random
number X described above to the adoption probability P from the adoption curve and assumes
that the site adopts the DER if X < P. Upon adoption, AdopDER also calculates the size units of
each DER, which allows it to calculate the hourly load impacts in a subsequent step. For the
DERs in this project’s scope, the size units are tied to nameplate ratings, such as direct current
kW (kW-DC) for solar PV and kW for EVSE.

Time Step. After each year, we increment the time step and run through the same process
described above for each service point and DER.

Pass to Load Impacts. After simulating DER adoption using the above process, the stock
assessment module passes the following service point-level data to the load impact module:

e Site and location identifiers that include the service point and census block group for
each adopter.

e Segmentation variables that include any variable needed to assign the adopter to its
load impact segment.

e Size units for each adopter.

3.2.2 Load Impacts

AdopDER passes service point DER adoption and sizing assumptions from the stock assessment
module to the load impact module, where we apply unitized load impacts for each DER. This
section uses illustrations to describe the data processing steps within the load impact module;
the team describes the sources and segmentation for each DER load impact in Section 3.

The load impact module first assigns a load impact shape to each adopter for each DER.
AdopDER allows load impact shapes to vary by customer segment. For example, AdopDER can

22 The team uses a Weibull distribution for vehicle lifetimes, a statistical distribution typically used to simulate equipment lifetimes.
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give unique direct current fast-charging (DCFC) EVSE profiles to public charging locations,
warehouses, and schools, as illustrated by Figure 6.

Figure 6. lllustration of Load Impact Segmentation
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Avista requires that the team’s forecast include only new DER impacts over and above what
currently exists in Avista’s service territory. To accomplish this, the team will create load impact
segmentation so that the load impact for any already installed DER is 0 kWh every hour,
removing the load impact of existing DERs.

After assigning load impact segments, the load impact module calendarizes the input shapes.
AdopDER allows the parameterization of each load impact shape to vary by DER, though the
interpretation of each shape is consistent: hourly impact (in kWh per hour) per size unit of DER
adoption. Figure 7 and Figure 8 show illustrations of different parameterizations of load impact
shapes. Figure 7 shows an example of solar PV impact shape, where an 8760-hour time series is
necessary since solar generation varies along a diurnal pattern and throughout the year. In this
case, AdopDER copies the 8760-hour input shape to each year in the forecast horizon.?

2 For leap years, AdopDER creates an 8784 hourly shape by copying the February 28 hourly shape to February 29.
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Figure 7. lllustration of Hourly DER Load Impacts for Solar PV, July 1-7
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Figure 8 shows an example of a residential level 2 (L2) EVSE load impact shape, where the daily
usage patterns vary by day of the week. In this example, AdopDER will construct an 8760 shape
for each year in the forecast horizon by applying the 24-hour weekday and weekend shapes to
each day by the calendar for each year in the forecast horizon.

Figure 8. lllustration of Hourly DER Load Impacts for Residential L2 EVSE
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3.2.3 8760 Forecast

In this final step, AdopDER combines the adoption and size units created in the stock
assessment module with the calendarized, 8760-hourly load impacts to create an 8760-hourly
forecast of the load impacts for each census tract and each DER for the entire forecast horizon.
Equation 1 shows the formula AdopDER uses to generate this forecast, where the hourly kWh
from DER is a function of adoption (number of service points), the size units, and the hourly load
impact (kWh) per size unit.

Equation 1. AdopDER 8760 Forecasting Formula

DER kWhygyp, = Z Adoption,ysy, * Size Units,qsy * Load Impact;gsyn

Segment s

Where:

e [represents each census block group within Avista service territory,
e drepresents each DER,

e srepresents the load impact segment for DER d,

e yrepresents each year in the forecast horizon, and

e hrepresents the hour within each year

3.3 Scenarios

In this study, we will execute scenarios to show how load impacts differ under two plausible
future outcomes. We will simulate each scenario by constructing alternate sets of model inputs
and adoption pathways for specific measures in the AdopDER model. Below, we describe our
scenario approach,

3.3.1 Reference Scenario

The team’s reference scenario represents the most likely future outcome. We simulate adoption
with knowledge of current incentive programs and typical “s-curve” based changes in market
share. In other words, under the reference forecast, we do not assume the existence of to-be-
determined future programs, incentives, and interventions that promote DER adoption, whether
these interventions come from the utility, state, or federal level.

3.3.2 High Incentive Scenario

Under the high incentive scenario, we model more aggressive DER adoption based on the
hypothetical impact of the incremental incentives for customers in Named Communities areas.
Tactically, the team will adjust applicable adoption curves to simulate the effect of these
incentives in AdopDER. By forecasting adoption using these alternate adoption curves, the team
will be able to evaluate how additional incentives may affect DER adoption in Named
Communities. We expect that with higher incentives, the adoption rates would also be higher for
customers in Named Communities. However, the nature of this scenario is such that the
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increased incentives only apply to some resources in the study (i.e., the high incentive scenario
impacts the adoption curves for residential solar PV, residential wind, and residential EV and
EVSE).
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Section 4 Electric Vehicles and Charging

This section describes the scope, stock data sources, adoption curves, and load impacts for
electric vehicles (EVs) and electric vehicle service equipment (EVSE).

4.1 Technology Scope

Table 1 summarizes the EV and EVSE technologies the team will model in the forecast.

Sector

Residential

Non-Residential

Table 1. EV and EVSE Technology Scope

Technology

Light Duty (GVWR Class 1-2), Battery
Electric Vehicle (BEV)

Light Duty (GVWR Class 1-2), Plug-In
Hybrid Electric Vehicle (PHEV)

Medium Duty (GVWR Class 3-6), BEV

Level 1 (L1) EVSE

L2 EVSE

Light Duty (GVWR Class 1-2) BEV
Light Duty (GVWR Class 1-2) PHEV
Medium Duty (GVWR Class 3-6) BEV
Heavy Duty (GVWR Class 7-8) BEV

L1 EVSE

L2 EVSE

DCFC EVSE

4.2 Current Stock

Our modeling process begins with the current stock. As Sections 1.2.4 and 1.2.5 described, we
will use WA DOT vehicle registration data, the ATLAS Public Policy Washington Vehicle Fleet

Eligibility
End-of-life internal combustion
engine (ICE) vehicle.

End-of-life ICE vehicle.

End-of-life ICE vehicle.

The service point has BEV or PHEV
and parking.

The service point has BEV or PHEV
and parking or is a multifamily
building.

End-of-life ICE vehicle
End-of-life ICE vehicle
End-of-life ICE vehicle
End-of-life ICE vehicle

Service point has Class 1 or 2 BEV
or PHEV and parking.

Service point has a fleet of
vehicles or parking for public
charging infrastructure.

Service point has a fleet of
vehicles or parking for public
charging infrastructure.
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inventory, and the Avista customer fleet vehicle survey results to evaluate existing EVs at the
service point level.

4.2.1 Electric Vehicles

Figure 9 shows the team's framework for segmenting and characterizing the vehicle stock in
Avista's service territory. In a forecast such as this, it is essential to describe the future vehicle
stock, not just today’s electric vehicles.

Figure 9. Vehicle Stock Segmentation

Ownership Type

Personal Public Fleet Private Fleet

Avista Fleet
Vehicle Survey,
WA DOL Vehicle

WA DOL Vehicle | ATLAS Vehicle Registration

Registration Inventory
MDV and HDV Avista Fleet

Vehicle Survey,
FHA OD Data

Weight Class

4.2.1.1 Personal Vehicles

As a global assumption, the team will equate the “personal” vehicle segment in Figure 9 with
vehicles owned by Avista's residential customers. Using the following steps, the team will use
multiple sources within the residential sector to characterize the vehicle stock within Avista’s
service territory.

e Assign known electric vehicles to service points based on Bidgely's analysis and Avista's
transportation electrification program data.
e Determine the total number of personal vehicles in Avista territory by filtering the WA
DOL registration dataset to include the following vehicles:
o Owner Type = “Individual”, and
o Registered in census tracts in Avista’s Washington service territory.
o After filtering, determine the total number of remaining vehicles (WA DOL vehicles less
the known electric vehicles) by fuel type and GVWR weight class within each census tract.
e Assign the remaining vehicles in the WA DOL registration dataset to Avista SPIDs such
that the total number of vehicles in each census tract aligns with the census tract-level
totals in the WA DOL registration dataset. In doing this,
o Allocate electric vehicles in the WA DOL registration dataset to single-family
service points only.
o Allocate other fuel types to any residential service point (i.e., single-family,
manufactured, or multifamily).
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4.2.1.2 Non-Residential, Public Fleets
The team will use ATLAS to determine the number of vehicles by county for publicly owned

vehicles. While ATLAS does not explicitly track weight class, it does have descriptions for each
vehicle (see Figure 10) that will allow the team to map the descriptions to a GVWR weight class.

Figure 10. Screenshot of Counts by Category in ATLAS?*

Vehicle Category Vehicles BEWs PHEVs
City & County 14,957 434 346
HEAVY-DUTY VEHICLE 3,018 15 2
LIGHT-DUTY WVEHICLE 6,298 366 282
MEDIUM-DUTY VEHICLE 5,640 53 62
Public Transit 9110 240 5
CARGO VAN 6
COACH BUS a3
PASSEMGER VAN, <15 PASSENGER 138
PICKUP 8
SEDAM 64 44
SHUTTLE BUS, 12-16 PASSEMGER 1,297
SHUTTLE BUS, 16-20 PASSENGER 1,041
SHUTTLE BUS, 20-24 PASSEMGER 40
SHUTTLE BUS, 24+ PASSENGER 60
SHUTTLE EUS, 8-12 PASSENGER 624

Though ATLAS does not explicitly state each vehicle's owner, it lists the number of vehicles
associated with each department, district, or agency (DDA, see Figure 11). Thus, the team will
cross-reference the DDA list against the customer names associated with each Avista service
point and allocate vehicles to service points with a match.

Figure 11. Department/District/Agency listing in ATLAS

Explore vehicles in the inventory by state department, school district, transit agency, or city & county.
H H Vehicles are shown by make, model, and fuel type. Vehicles use cases with ** were not analyzed in the JTC
Veh I Cle Deep D Ivé study on transportation electrification due to lack of available electric vehicles or insufficient vehicle data.

Department/District/Agency CNG CNG/PROPANE DIESEL DIESEL-HYBRID ELEC
# CENTRAL VALLEY SCHOOL DISTRICT 88
# CHENEY SCHOOL DISTRICT 76
# CITY OF SPOKANE 32 389
@ CITY OF SPOKANE VALLEY 12
# DEER PARK SCHOOL DISTRICT 29
# DEPARTMENT OF ENTERPRISE SERVICES 8
# DEPARTMENT OF FISH AND WILDLIFE 1

4.2.1.3 Non-Residential, Private Fleets

Non-residential, private fleets are the segment of vehicles for which a stock characterization can
be fraught. Frequently, these vehicles are operated in different locales in which they are
registered. Thus, the current industry-standard approach combines multiple sources for
location-specific characterization of non-residential fleet vehicles.

The team explored numerous options in search of data sources that would allow it to
characterize non-residential, private fleets.

24 The screenshot shows a partial listing of the possible values for vehicle categories.
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e Avista executed a multi-modal (i.e., web and phone surveys) fleet survey for its non-
residential customers to collect information about fleet size and location.

e The WA DOL source the team uses for personal vehicles also includes vehicles of all
weight classes registered to businesses. These data may undercount the number of non-
residential vehicles in operation in Avista territory, but there is no systematic way to
assess the degree of that bias.

e The Federal Highway Administration’s origin-destination data allows the team to
estimate the total annual mileage driven on trips that terminate in the Spokane area
from MDV and HDV trucks. When paired with the assumption of annual vehicle miles
traveled, these data allow the team to estimate the number of medium- and heavy-duty
trucks in Avista territory.

e EPRIis developing a heatmap dataset that indicates the geospatial location of the
longest dwell time and the number of daily miles driven by MDV and HDV vehicles. It
expects to make these data available to its member utilities in the calendar year 2023 or
20247

e Washington has issued a mandate that requires commercial vehicle fleets for businesses
with over five vehicles or more than $50 million in revenue to register their vehicle fleets
with the Department of Ecology. This registration effort is ongoing, and the team expects
data to be available in late 2024 (and after the completion of this study).

e CarrierSource is a website that lists private carrier fleets and their sizes.

e S&P Mobility,*® formerly IHS Markit, is a third-party data provider that sells access to
detailed vehicle registration data. Due to the WA DOL source's availability, the team did
not pursue vehicle registration data from S&P Mobility.

The project team expects to use the above sources to estimate the size and location of non-
residential fleets in Avista service territory in two ways.

First, the team will assign the vehicles from known fleets to service points. These include fleet
survey respondents, fleets identified on CarrierSource, and other known large fleets (i.e., UPS,
FedEx, Reddaway).

Then, the team will analyze the survey results and extrapolate the findings to all remaining
Avista non-residential service points. To do this, the team will first determine the survey
response rate to infer the probability of having a fleet. The team will use the survey to determine
each respondent's average number of vehicles by weight class. Next, the team will extrapolate
the remaining service points by simulating the existing fleet from the survey-based probability
and assigning the average number of vehicles from survey responses.

2> The team met with EPRI staff on July 14, 2023. An example of these data are available on page 8 of “Distribution Planning for
Electric Vehicle Fleets”, available at https://www.esig.energy/download/session-2-distribution-planning-for-electric-vehicles-fleets-
jeremiah-deboever/?wpdmd|=10295&refresh=6490810bbf1a21687191819.

26 "S&P Global Mobility”. S&P Global, accessed September 21, 2023. https://www.spglobal.com/mobility/en/index.html.
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4.2.2 Electric Vehicle Service Equipment

The team will use the approach described in this section to characterize the existing stock of
EVSE in Avista’s service territory.

4.2.2.1 Residential
To characterize the existing stock of residential EVSE, the team will use the following approach:

e Assign L2 charging to service points that have either participated in Avista's
transportation electrification program or that Bidgely has identified as having an electric
charging profile. Avista's recent transportation electrification report indicates that at the
end of 2022, there were approximately 3,000 electric vehicles and about 2,000 service
points in the service territory.

e Assign L1 charging to any remaining service point with an electric vehicle.

4.2.2.2 Non-Residential
To characterize the existing stock of non-residential EVSE, the team will use the following
approach:

e If the team can map a charging location identified by AFDC to a service point, we will
assign the charging type from AFDC (i.e., L1, L2, or DCFC).

e Assign L2 EVSE to service points that have either participated in Avista's transportation
electrification program or that Bidgely has identified as having an electric charging
profile.

4.3 Adoption Curves

In this section, the team describes its approach to determining the adoption curves for electric
vehicles and EVSE. In general, the team'’s experience is that electric vehicles require detailed
segmentation, each with bespoke methods to determine an adoption curve.

4.3.1 Electric Vehicles

Electric vehicles on the road today are attributed mainly to early adopters, whose purchase
decisions are influenced by customer behaviors, limited model availability, and various economic
factors (vehicle list prices, operating costs, fuel prices, and federal incentives). In the future,
federal, state, and local policies that incentivize EV adoption will play a more significant role in
electric vehicle adoption than the historical trend.

To accurately model adoption, we will develop unique adoption curves for the segments in
Table 2, defined by ownership and GVWR weight class combinations. As the team describes in
this section, these adoption curves account for barriers and opportunities in electric vehicle
adoption.
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Table 2. Adoption Curve Segments

Personal LDV Public Fleet Private Fleet
Personal LDV Public Fleet LDV Private Fleet LDV
Personal LDV, Named Public Fleet MDV Private Fleet MDV
Communities Public Fleet HDV Private Fleet HDV
School Bus
Transit Bus

4.3.1.1 Personal LDV

Figure 12 illustrates the adoption curves for personal, light-duty vehicles (GWVR weight class 1
and 2, BEV and PHEV). An EV Council study estimates the sales share of light-duty vehicles?’ in
response to Washington'’s requirement that all new, light-duty vehicles sold within the state
meet Zero-Emission Vehicle (ZEV) Program standards by 2035.2% The team used the EV Council's
baseline scenario, which considers existing policies and standard economic assumptions and
reflects a moderate perspective on EV cost trends, to construct the curves in Figure 12.

27 Note, currently only preliminary draft outputs have been made public. The EV council expects final output to be available in
December of 2023.

28 Municipal Research and Services Center (MRSC). "Planning for Electric Vehicles." Accessed on September 4, 2023.
https://mrsc.org/explore-topics/environment/sustainability/planning-for-electric-vehicles.
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Figure 12. Market LDV Adoption Curves for (Reference Scenario)
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To make the adoption curves from the EV Council study applicable to this study for Avista
(Figure 12), the team has added the following:

e Extended the forecast through 2050 to align with this study’s time horizon.

e Assumed that BEV will entirely supplant PHEV in LDV sales by 2040. The team anticipates
that advancements in EV technology, such as increased driving range, reductions in
battery prices, and an overall policy landscape, will make PHEVs obsolete by 2040.

e The team will calibrate the BEV and PHEV share in the initial year of this curve (2022) to
those observed in the WA DOL dataset within the counties that Avista serves.

4.3.1.2 Personal LDV, Named Communities

Socio-economic factors influence the adoption of electric vehicles. The higher up-front cost of
EV models on the market is a significant deterrent for many drivers, especially those in Avista’s
Named Communities. Although WA currently offers rebates specifically for ZEV purchases,®
none are substantial enough to address the up-front cost barrier.*° To account for the difference
in adoption rates within Named Communities, the team created the adoption curve in Figure 13
from an analysis of a University of California, Davis study that forecasted EV adoption in
California across socio-economic segments.?’ To derive the Named Community curve for Avista,

29 "Washington State Department of Ecology, 'Clean Vehicles Public Comment,' Washington State Department of Ecology,
September 7, 2022, https://ecology.wa.gov/About-us/Who-we-are/News/2022/Sept-7-Clean-Vehicles-Public-Comment.

30 New zero-emission vehicles (ZEVs) bought in Washington for under $45,000 and used ZEVs acquired under $30,000 receive full or
partial exemptions from state sales taxes. Beginning in 2023, the federal Inflation Reduction Act, passed in August, will provide
consumers with a tax incentive of as much as $4,000 for purchasing a used ZEV and up to $7,500 for a new ZEV.

31 University of California, Davis, Electric Vehicle Research Center. “PEV Adoption Model for California Based on Heterogeneity in
Single and Multi-Vehicle Households”, Trisha Ramadoss, Jae Hyun Lee, Adam Wilkinson Davis, Scott Hardman, Gil Tal.
http://evs36.com/wp-content/uploads/finalpapers/FinalPaper Ramadoss Trisha.pdf
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the team applied the ratio of the low-income adoption curve to the moderate and high-income
adoption curve in the University of California, Davis study to its market level curve in Figure 13
shows the team's reference scenario LDV adoption curve, which implicitly assumes that Named
Communities have no significant financial incentives to subsidize EVs' purchase price.

Figure 13. Named Community LDV Adoption Curve (Reference Scenario)
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Generally, the adoption curve shape for Named Communities is very similar to that of the
general market, with the latter reaching 100% EV market share approximately ten years earlier
than the former. This result aligns with the team'’s expectation that EVs will become more cost-
competitive due to technological advancements and increased model availability. After 2035, the
team expects EV adoption in Named Communities to accelerate.

For the high incentive scenario, the team’s adoption curve assumes the existence of incentive
programs that will provide significant funding to accelerate the adoption of EVs in Named
Communities across the state, bringing them closer to matching the general population in EV
adoption rates. The Washington Department of Commerce® is currently creating EV incentive
programs to address the issue of EV cost for historically disadvantaged communities, including a
point-of-sale incentive program.®* To reflect the impact of this funding, the team modified the
general population curve in Figure 12 to reflect initial low adoption in Named Communities,

32 Washington State Legislature, 'Senate Bill 5187 - Passed Legislature,' Washington State Legislature. Accessed on September 19,
2023, https://lawfilesext.leg.wa.gov/biennium/2023-24/Pdf/Bills/Senate%20Passed%20Leqislature/5187-S.PL.pdf.

33 Based on the RFP, the EV incentive programming will be allocated $50,000,000; priority in implementing the program will be given
to underserved and low-income individuals (from RFP No. 56105-1-2023). See ESSB 5187, Sec. 132, Proviso 2.
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followed by a sharp increase in adoption post-funding, matching available market adoption
levels (Figure 14).

Figure 14. Named Community LDV Adoption Curve (High Incentive Scenario)
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The team relied on the following assumptions:

e Substantial state incentives will be offered specifically to the Named Communities
starting in 2025, ramping up the adoption of EVs in this population and matching
general population adoption rates.

e Until the incentives become available, adoption will remain low.

With an increase in EV adoption across Named Communities, we will also model a proportional
rise in Residential and Public charging.

4.3.1.3 Public Fleets

The team expects public fleets to electrify at rates different from private fleets due to two
factors. First, public fleets are subject to Washington State’s Executive Order 21-04,** which
requires local and state vehicle fleets to achieve 100% adoption of BEVs for LDVs by 2035 and
MDVs by 2045. Additionally, WA state agencies prioritize purchasing BEVs to replace ICE
vehicles due to their lower lifecycle costs. To model adoption for public fleets, we relied on the
ATLAS study, the Seattle City Light Electrification Assessment (SCL study),*®> and McKinsey's

34 “Eyecutive Order 21-04, Zero Emission Vehicles.” State of Washington. Accessed on September 19, 2023.

https://governor.wa.gov/sites/default/files/exe order/21-04%20-%20Zero%20Emission%20Vehicles.pdf.
35

Seattle City Light Electrification Assessment.” Electric Power Research Institute. January 2022.
https://powerlines.seattle.gov/wp-content/uploads/sites/17/2022/01/Seattle-City-Light-Electrification-Assessment.pdf

25



https://governor.wa.gov/sites/default/files/exe_order/21-04%20-%20Zero%20Emission%20Vehicles.pdf

https://powerlines.seattle.gov/wp-content/uploads/sites/17/2022/01/Seattle-City-Light-Electrification-Assessment.pdf



DER Forecasting Methodology
Electric Vehicles and Charging

“Powering the transition to zero-emission trucks through infrastructure” report (the McKinsey
study).

Light-Duty Vehicles

Figure 15 shows the team’s adoption curve for public fleet LDV. The team used the “Electrify
Selectively” scenario from the ATLAS study to construct this curve, which models public fleet
electrification potential under Washington's current policy environment.*

Figure 15. Public Fleet LDV Adoption Curve (Reference Scenario)
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To make the ATLAS study curve applicable to this study for Avista, the team made two
additional assumptions:

e The ATLAS study goes through 2035; the team extended the forecast through 2050 to
align with this study’s time horizon.

e Public fleets will comply with the 2035 100% BEVs for the LDV class, so adoption after
2035 is set to 100%.

e The adoption curve includes only BEVs due to limited information about PHEVs and the
current procurement and policy focus on BEVs.

Medium- and Heavy-Duty Vehicles
Like the LDV segment above, the team used the ATLAS, SCL, and McKinsey studies for MDV and
HDV segments. According to the ATLAS study, converting MDVs within state agency fleets to

36 The study analyzed various factors, including electricity prices, EV model offerings, charging infrastructure, and public policies to
determine if vehicles met the criteria for electrification as defined in WAC 194-28, which requires EV alternatives to have a total cost
of ownership (TCO) within 5% of an ICE vehicle to qualify for electrification. Electrify Selectively scenario included vehicles with TCO
values ranging from 10% lower to 5% higher than ICE vehicles.
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electric power is expected to be less economically efficient than HDVs and LDVs.*” The MDV
adoption curve in Figure 16 reflects this slower adoption rate through 2030. After that point, the
team expects the electric MDV adoption rate to increase significantly, primarily due to reduced
upfront costs and the 100% BEV state mandate.® In the short term, the total cost of ownership
(TCO) analysis is more favorable for the HDV segment, with the share of vehicles that meet
electrification criteria as high as 90% by 2030°°. However, McKinsey projects much milder
adoption rates, noting that HDVs are not expected to reach TCO parity with diesel vehicles until
around 2030. The team assesses that the ATLAS report estimate is overly optimistic for this
vehicle weight class, and thus, adoption will more closely align with McKinsey's forecast.

Figure 16. Public Fleet MDV and HDV Adoption Curve (Reference)
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To make the curves in Figure 16 applicable to this study, the team made three additional
assumptions:

e Extended the forecast through 2050 to align with this study’s time horizon.

37 Many electric MDV options had a total cost of ownership (TCO) over 100 percent higher than their internal combustion
counterparts.

38 Any savings the state can secure through incentives, vehicle choices, price reductions, or strategic planning for charging
infrastructure can significantly impact the feasibility of cost-effective electrification for many of these vehicles. As such, we expect
adoption to be relatively minimal at first but will pick up once barriers, such as limited model availability at competitive price points
and lack of charging infrastructure, are addressed.

39 Electric HDVs have relatively smaller initial cost differences compared to electric MDVs. This reduced upfront cost premium,
combined with their substantial annual mileage, frequently enables heavy-duty EVs to generate sufficient operational cost savings to
meet the electrification threshold of five percent.
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e Public fleets will comply with 100% BEVs for medium-duty weight class requirement,
reaching 100% of electric MDV sales in 2045.

e The adoption curve includes only BEVs due to limited information about PHEVs and the
current procurement and policy focus on BEVs.

School Buses

In 2020, school districts across Washington committed to deploying at least 40 buses. With new
dedicated funding® to back up these efforts, cost reductions from advancements in battery
technology, increased manufacturing volumes, and a wide EV school bus model availability, the
team expects robust adoption in this vehicle segment. To derive the adoption curve for school
buses (Figure 17), we relied on forecasts from the SCL and the Atlas Public Policy studies.

SCL's Moderate Electrification scenario estimates that electric school buses will reach 20% of all
new sales in 2030 and up to 80% by 2040. Based on the Atlas Public Policy assessment, electric
school buses will make up over 30% of all stock in the state by 2035 and 50% of all new sales.
We expect the adoption to start somewhat slowly, partly because of limited charging
infrastructure and some financial limitations for rapid conversion.*' Therefore, assuming an
accelerating adoption rate as we approach 2030 and beyond is reasonable. Along with improved
charging infrastructure, this result reflects projections that the manufacturing cost of heavy-duty
electric school buses will decrease significantly over the next decade due to innovations in
battery technology and manufacturing volumes.

40 Summary of Ecology Publication: 22-02-018. Accessed September 19, 2023.
https://apps.ecology.wa.gov/publications/SummaryPages/2202018.html.

41 "Spokane Public Schools Switches Bus Provider for 2023-2024 School Year." Accessed September 19, 2023.
https://www.spokesman.com/stories/2023/mar/09/spokane-public-schools-switches-bus-provider-for-2/.
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Figure 17. School Bus Adoption Curve (Reference Scenario)
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In deriving this curve, the team made the following assumptions:

e Through 2035, we used the ATLAS study adoption forecast for HDV electric school buses.
e After 2035, we use SCL's Moderate Electrification scenario for school buses, though we
modified the curve to reach 100% adoption sooner (in the year 2042).

Transit Bus

Washington State has the country's second-largest electric transit bus fleet, and the market is
quickly approaching maturity, which means the outlook on adopting electrified buses is highly
positive. ¥ Heavy-duty transit buses become economically competitive at high electrification
levels more rapidly than any other technology, even under unfavorable policy, technology, and
deployment conditions. Electric buses are already on the roads in Avista’s territory. Spokane
Transit recently added battery-electric buses to its fleet.**

We relied on forecasts from the SCL and ATLAS studies to derive the adoption curve for electric
transit buses (Figure 18). According to the ATLAS study, by 2030, over 90% of the state’s bus
fleet is expected to meet the electrification threshold. Under the Moderate Market Advancement
scenario, SCL forecasts that 20% of all new bus sales in 2030 will be battery-electric, reaching
80% by 2040. Although charging infrastructure and funding will pose some constraints in the

42 "Electrification Draft Final Report." Alternative Fuels Data Center. Accessed September 19, 2023.
https://afdc.energy.gov/files/u/publication/Electrification_draftfinalreport.pdf?664d99e453.

43 “City Line Bus FAQ.” Spokane Transit Authority, March 2023. https://www.spokanetransit.com/wp-
content/uploads/2023/03/20220217-City-Line-Bus-FAQ.pdf.
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short-term, we expect robust electrification once these factors are addressed in the coming
decade, with an increase in adoption past 2030.

Figure 18. Transit Bus Adoption Curve (Reference Scenario)

100%
90%
80%
70%
60%
50%

% of Sales

40%
30%
20%
10%

0%
2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

Year

To derive this curve, the team:

e Through 2035, relied on the forecast from the ATLAS Study.
e Relied on SCL's forecast beyond 2035.

4.3.1.4 Private Fleets

WA aims to achieve a target of 30% zero-emission medium- and heavy-duty truck and bus sales
by 2030, with a long-term goal of 100% sales by 2050.* Thus far, the adoption of electric trucks
has faced challenges stemming from factors like constrained availability and substantial cost
disparities compared to conventional trucks. Although the economic viability of electric trucks is
anticipated to strengthen as battery costs decrease, technology advances occur, and production
processes become more efficient, reaching the sales targets established by the state may remain
an ambitious endeavor.

Light-Duty Vehicles
The team reviewed the EV Council’'s baseline scenario adoption forecast and the SCL study to
develop the adoption curves for private fleet light-duty vehicles* To construct the curves in

44 Atlas Public Policy, “Electrification Assessment of Public Vehicles in Washington”, by Charles Satterfield, Nick Nigro, Eric Wood, Jim
Jensen, Conner Smith, Ranjit Desai, and Yanbo Ge, 2020,
https://afdc.energy.gov/files/u/publication/Electrification draftfinalreport.pdf?664d99e453.
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Figure 19, the team used the EV Council’s baseline scenario, which considers existing policies
and standard economic assumptions, reflecting a moderate perspective on EV cost trends.

Figure 19. Private Fleet LDV Adoption Curve (Reference Scenario)
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Furthermore, the team:

e Assumed that the private fleet LDVs will closely follow the adoption patterns of private
LDVs.

e Extended the forecast through 2050 to align with this study’s time horizon.

e Assumed that BEV will entirely supplant PHEV in LDV sales by 2040. The team anticipates
that advancements in EV technology, such as increased driving range, reductions in
battery prices, and an overall policy landscape, will make PHEVs obsolete by 2040.

e  Will calibrate the BEV and PHEV share in the initial year of this curve (2022) to those
observed in the WA DOL dataset within the counties that Avista serves.

Medium- and Heavy-Duty Vehicles

In developing the adoption curves for medium- and heavy-duty vehicles, the team reviewed the
EV Council's baseline scenario adoption forecast,*® the SCL, and McKinsey.*’ Generally, the
limitation in charging infrastructure availability will hinder the pace of adoption in this vehicle-
weight class despite the increasing accessibility of electric MDV and HDV models.*®

46 |n the baseline scenario, approximately 23% of MHDV stock is made up of zero-emission medium —and heavy-duty vehicles. The
mix is heavily dominated by EVs, with a small share of heavy-duty fuel cell EVs beginning in the early 2030s. We used this stock
forecast result to derive annual sales by weight class, assuming a 10-year useful life, yielding an adoption curve through 2035.

47 McKinsey & Company, "Powering the Transition to Zero-Emission Trucks Through Infrastructure," Accessed on September 19,
2023, https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/powering-the-transition-to-zero-
emission-trucks-through-infrastructure#,

48 The 2021 Bipartisan Infrastructure Investment and Jobs Act designated $7.5 billion for charging infrastructure development across
the United States. The 2022 Inflation Reduction Act also introduced tax credits for commercial zero-emission truck purchases and
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Electrification of MDVs, however, is expected to be less constrained by charging infrastructure,
with sales reaching 100% electric by 2042.*° Our overall projections align with McKinsey's
estimates, which anticipate a substantial increase in the percentage of zero-emissions trucks in
active use, rising from less than 1% in 2023 to over 75% by 2050 across all medium- and heavy-
duty trucks.

Figure 20. Private Fleet MDV and HDV Adoption Curve (Reference Scenario)
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To make the adoption curves in Figure 20 applicable to this study, the team:

e Used EV Council’s preliminary results as a starting point for adoption by vehicle-weight
class through 2035.

e Extended the forecast through 2050 to align with this study’s time horizon by using the
post-2035 adoption estimates in SCL's study for each weight class.*

e Excluded PHEV from the forecast because we lacked reliable forecasting data about
PHEV in these GVWR weight classes; the adoption curves are for battery electric vehicles
only.

charging infrastructure installation, along with grants to assist existing vehicle manufacturers in retrofitting their facilities with Zero
Emission Vehicle (ZEV) manufacturing equipment.

9 scL study projects light and short-haul trucks to reach 100% electric sales by 2030 under the Rapid Market Advancement
scenario, and around 20% under the Moderate Scenario. Our projections strike a balance between a highly optimistic and pessimistic
scenarios.

50 We relied on projections under Rapid Market Advancement scenario as we expect technological progress along with widespread
availability of charging to spur adoption at an accelerated rate post 2035.
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4.3.2 Electric Vehicle Service Equipment

Our approach to modeling EVSE differs from that of EVs. Instead of relying on adoption curves,
the team will construct a set of rules to place EVSE in response to EV adoption. These rules
account for customer segments, GVWR weight class, associated charging behavior, and other
circumstances that might impact EV charging (Table 3).

Table 3. EVSE Adoption Segmentation

Residential Charging Public Charging Fleet Charging
Single Family (L1, L2) Level 2 LDV
Multifamily (L2) DC Fast Charge MDV

HDV

School Bus

Transit Bus

4.3.2.1 Residential Charging

For residential customers in single-family homes, EV charging overwhelmingly happens at home,
provided a dedicated parking space or garage exists. As such, when we model EVSE for this
sector, we will assign an L2 or an L1 EVSE to any service points that adopt an EV if they have
dedicated parking.

Home charging becomes more complicated for customers in multifamily buildings who adopt
EVs. Dedicated parking might not be available, as is the case in urban areas. With dedicated,
property management may not install EVSE due to infrastructure upgrades and additional costs.
Thus, these EV owners might need to rely on chargers at their workplace or public charging. For
these customers, at-home charging will depend on the availability of dedicated parking and the
property owner's discretion. These customers are also much more likely to rely on L2 than L1
because of the uncertainty of dedicated parking. Increasingly, building codes are starting to
account for the need for EV charging in multifamily buildings.

Table 4. Residential EVSE Allocation

Customer Segment Ratio: Vehicles per EVSE Port
L1 1:1
Single-Family
L2 (6.6 kW) 1:1
Multifamily L2 (6.6 kW) 4:1

33





DER Forecasting Methodology
Electric Vehicles and Charging

4.3.2.2 Public Charging

Public charging infrastructure plays a vital role in facilitating widespread EV adoption. It
addresses the requirements of long-distance travel, easing concerns about limited range, and
offers charging to EV owners without access to at-home charging. The team anticipates that
personal EVs will drive most public charging demand; therefore, it will determine how much
public charging will be needed based on its unique LDV EV forecast.

We will utilize the National Renewable Energy Laboratory’s (NREL's) Electric Vehicle
Infrastructure Projection Lite (EVI-Pro Lite)>' modeling tool to estimate the number of public L2
and DCFC charging ports through 2050 based on the forecast of personal LDV. After assessing
the total number of public charging ports, we will allocate them across Avista’s service territory
as follows:

e First, assign charging locations based on Avista's Regional Charging Buildout Plan.*

e Then, ensure that at least 40% of remaining chargers to census blocks overlap with
Named Communities, reflecting Washington state’s approach® to support equitable
outcomes in transportation electrification.> In this step, chargers will be distributed to
census block groups in proportion to the total count of personal vehicles (including all
fuels).

e Allocate the remaining chargers to census block groups with at least one commerecial
customer, distributing them based on the total count of electric vehicles (EVs) in each
block.

4.3.2.3 Fleet Charging

To develop EVSE assignment rules for commercial fleets, we utilized the Atlas study.> Table 5
describes these rules, where the EVSE type and vehicle ratio per EVSE port depend on vehicle
class and category.

ST "EVI Pro Lite." Alternative Fuels Data Center, Accessed September 19, 2023. https://afdc.energy.gov/evi-pro-lite.

52 "Electric Transportation." Avista Utilities, Accessed September 19, 2023. https://www.myavista.com/energy-savings/electric-
transportation.

>3 ACEEE Database. Accessed on September 21, 2023. https://database.aceee.org/state/washington.

>4 Washington state’s low-carbon fuel standard (HB 1091) and Cap & Invest (Climate Commitment Act, SB 5192) programs require
that a minimum of 30% and 40%, respectively, of all program revenues be directed towards underserved communities to ensure
equitable implementation of transportation electrification. These programs have established funding targets, both legislatively and
programmatically, aimed at boosting EV adoption and expanding EV charging station deployment.

> Washington fleet managers provided input to identify the intended and existing charging setups for light-duty vehicles, transit
buses, and school buses. Since the state does not possess electric trucks now, and they weren't considered in the existing charging
infrastructure plans, the study relied on vehicle characteristics like battery capacity, driving range, and annual mileage to estimate
likely charging configurations for these trucks. To provide a broader spectrum of possible charging scenarios beyond the current
plans, they selected options based on vehicle class and usage, considering factors such as potential charging requirements, battery
capacities, average vehicle miles traveled (VMT), and potential downtime for charging the vehicles.
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Table 5. Commercial EVSE Allocation

Vehicle Class EVSE Type Ratio: Vehicles per EVSE Port
LDVs L2 (11.5 kW) 2:1
DCFC (50 kW) 5:1
L2 (11.5 kW) 1:1
MDVs
DCFC (50 kW) 5:1
L2 (15.4 kW) 1:1
School Buses
DCFC (50 kW) 5:1
Transit Buses DCFC (50 kw) 1:1
HDVs DCFC (150 kW) 5:1

To develop these rules, the team made the following assumptions:

e Most charging events will occur in depots (i.e., no need for public or on-route charging).

e Space-constrained depots® and depots that frequently charge vehicles (such as police
departments) will be assigned a DCFC (50 kW) charger.

e High-powered L2 chargers can meet most school bus charging needs; the team will
assign DCFC chargers for depots in urban areas.

4.4 Load Impacts

AdopDER incorporates customer segment-specific load impacts and load shapes to capture
different use cases and patterns in EV charging. AdopDER assigns the charging load to EVSE at
fixed locations across the distribution system rather than giving the charging load to mobile
vehicles as a simplifying assumption. Thus, the team models the charging load using load
profiles for each charger type.

Table 6 provides an overview of the EVSE segments for which we will develop unique load
profiles and the source of raw data for the profile. The team prefers Avista-specific shapes rather
than those from sources in a different locale or a national authority. The two external sources
the team will use for EVSE load impacts include a California Energy Commission-sponsored
report>’ that simulates medium- and heavy-duty electric vehicle load shapes and the EVI-Pro
Lite tool.

%6 The team will use urban census tracts as a proxy for space-constrained depot locations.

57 Noel Crisostomo, “Medium and Heavy Duty Vehicle Load Shapes.” California Energy Commission, accessed September 22, 2023.
https://www.energy.ca.gov/sites/default/files/2021-09/5%20LBNL-FTD-EAD-HEVI-LOAD%20Medium-%20and%20Heavy-
Duty%20Load%20Shapes ADA.pdf.
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Table 6. EVSE Load Impact Segmentation

Segment Sub-Segment ‘ EVSE Types Raw Source
Residential Single-Family L1, L2 Avista TE Report
Multifamily L2 Avista TE Report
Fleet LDV L2, DCFC Avista TE Report
MDV L2, DCFC CEC
HDV DCFC CEC
Bus (Transit and L2, DCFC Avista TE Report
School)
Public L2 L2 EVI-Pro Lite
DCFC DCFC Avista TE Report

The team illustrates its approach for calculating a load profile for a specific EVSE segment with
an example for fleet MDV charging with DCFC. While the calculations may vary with available
data, the steps below aim to transform a raw charging profile into an hourly, per-nameplate kW
utilization curve that keeps the raw shape (the percentage of total daily consumption). AdopDER
will scale the hourly, per-nameplate kW utilization curve by the assumed nameplate kW of the

EVSE.
1.

Begin with available data, such as a chart showing private fleet charging load from Figure
26 of the Avista TE report (Figure 21).

Calculate the percentage of the total load in each hour.

Determine vehicle miles traveled (VMT) assumption for the typical vehicle that uses that
charger. For example, the team assumes a fleet MDV travels 12,453 miles annually.*®
Determine the proportion of the typical vehicle’s charging that happens at the charger.
In this case, we assume that 100% of fleet MDV charging occurs in Depot.

Determine vehicle-to-port ratio. For medium-duty trucks using DCFC, we assume five
vehicles to 1 DCFC charging port (see Table 5 in this document).

Calculate the total miles the charging port needs to serve; this is the product of steps 3,
4, and 5 (VMT per vehicle * proportion of miles served * ports per vehicle).

Determine the average energy consumption per mile (kWh/mile) for the typical vehicle.”®
Calculate the daily kWh per charger port; this is the product of steps 6 and 7 7 (kWh per
port * Miles per kWh / 365)

58 "Alternative Fuels Data Center - Electric Vehicle Charging Infrastructure Deployment." Alternative Fuels Data Center, Accessed
September 19, 2023. https://afdc.energy.gov/data/10309.

% “Average Fuel Economy by Major Vehicle Category”. Alternative Fuels Data Center. Accessed on September 9, 2023. URL:
https://afdc.energy.gov/data/10310.
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9. Calculate hourly kWh; this is the product of step 1 and step 8 (hourly utilization * daily
kWh)

10. Calculate hourly utilization for the assumed nameplate kW. In this case, we take a 50 kW
DCFC, so the utilization is the hourly kWh from step 8 divided by 50 kW. This result is
shown in Figure 22.

Figure 21. Private Fleet Load Profile in Avista's Territory
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Figure 22. Fleet MDV Charging Load Profile - 50 kW DCFC
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Section 5 New Generation and Storage

In this section, the team discusses the technology scope and its approach for characterizing the
current stock, forward-looking adoption rates, and load impacts for new generation and storage.

5.1 Technology Scope

Table 7 lists the technologies in the team’s modeling scope and describes the characteristics
that make a service point eligible to adopt each technology.

Table 7. New Generation and Storage Technology Scope

Measure Eligibility Criteria

Any single-family (attached or

Residential Behind-the-Meter Solar PV detached) service point.

Any single-family (attached or

Behind-the-Meter Storage detached) service point.

Behind-the-Meter Wind Any rural single-family service point.
Non-Residential Customer Solar PV Any non-residential service point
Customer Storage Any non-residential service point

Any rural non-residential service

Customer Wind :
point

In addition to the technologies listed in Table 7, the team considered other generation
technologies, such as Combined Heat and Power and biomass, for inclusion in this study. The
team'’s experience with these technologies suggests that their payback periods in Avista's service
territory are such that they are not economically viable today, nor will they be financially feasible
in the foreseeable future. As such, the team and Avista elected to exclude them from the scope
of this study.

5.2 Current Stock

The team will use the following assumptions to describe the existing stock of new generation
and storage:

¢ Solar and Wind. Avista has provided a dataset of currently interconnected solar and
wind generation resources. This dataset includes a service point identifier, the type of
DER, and its nameplate capacity (in kW).
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e Storage. Based on the team'’s discussion with Avista and the lack of available data, the
team assumes there is no currently interconnected battery storage in the Avista service
territory.

5.3 Adoption Curves

The team will use the following approaches to determine the adoption curves for new
generation and storage resources.

5.3.1 Customer Solar

The team will use NREL's dGen® to develop a reference scenario and service territory-level
adoption curve for customer solar in Avista's territory. dGen is an agent-based model that
simulates the adoption of customer solar as a function of a customer’s electric consumption,
energy costs, and technology costs. NREL provides dGen users with a pre-generated, state-level
agent file for Washington. Each agent is a representative utility customer with building
characteristics and consumption profiles that NREL has generated from its local building stock
data analysis.

For this project, the team will modify the NREL's agent files as follows:

o Filter available agents in Avista's service territory (Residential n=39, Non-Residential
n=755).

e Generate additional agents from existing residential agents to increase the granularity of
dGen’s forecasting. The team'’s experience is that dGen runs most effectively with at least
250 agents.

e Adjust the agent weights to be representative of Avista's customers in WA. Specifically,
the team will review the split between small and large commercial rates.

In addition, the team will also set the dGen policy inputs to align with Washington's net-energy
metering (NEM) law, federal tax incentives, and Washington'’s sales tax exemption from solar
purchase, all of which impact the economics of customer solar. Washington's NEM law directs
electric utilities to offer net metering to eligible customer-generators until 2029 or a generating
capacity threshold is met.®" The 2022 Inflation Reduction Act (IRA) provides a 30% tax credit
incentive for customer solar installed between the years of 2022 and 2032, a 26% tax credit for
systems installed in 2033, and a 22% tax credit for systems installed in 2034 before the program
sunsets in 2035.° The IRA also has provisions for additional credits to low-income communities.

0 National Renewable Energy Lab. “The Distributed Generation Market Demand Model (dGen): Documentation.” Accessed on
September 19, 2023. https://www.nrel.gov/docs/fy160sti/65231.pdf

61 Washington State Legislature. "Engrossed Second Substitute Senate Bill 5223." Accessed September 19, 2023.
https://lawfilesext.leg.wa.gov/biennium/2019-20/Pdf/Bills/Session%20Laws/Senate/5223-
S2.SL.pdf?cite=2019%20c%20235%20%C2%A7%203.

62 "Homeowner's Guide to the Federal Tax Credit for Solar Photovoltaics.” Office of Energy Efficiency and Renewable Energy.
Accessed September 22, 2023. https://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-solar-photovoltaics.
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In both cases, the team will sunset the economic incentives according to the timelines described
above in dGen.

After setting up the dGen inputs described above, the team will run the dGen model and extract
the adoption curves — one for residential and one for commercial from the result set. The team
does not expect these adoption curves to align with the existing state of customer solar (i.e., the
total installed MWdc) in Avista territory. Thus, the team will calibrate to the current state of
customer solar by scaling the dGen curves up and down while preserving the shape of the curve.

Finally, to account for the geospatial differences across the service territory, the team will
develop a propensity score for each census block group® using data from the 2021 American
Community Survey. The propensity score will be the fitted census block group solar PV adoption
rate from a regression model with demographic information such as income and home
ownership as independent variables. Tactically, this propensity score gives the team a way to
rank-order adoption; it will use the score to scale the residential adoption curve from dGen up
or down for each census block group based on its observed, historic adoption rate.

For the high incentive scenario, the team will adjust the propensity scores described above such
that the adoption rates for residential service points in Named Communities are at parity with
the rates for other customers after controlling for building type (i.e., single-family, multifamily).

5.3.2 Customer Storage and Wind

The team will also utilize NREL's dGen model to develop service territory-level adoption curves
for customer battery storage and wind in Avista’s territory. As with solar, the team will update
dGen'’s assumptions to represent better the economic choices faced by Avista’'s customers:

¢ Include Federal investment (ITC) and production (PTC) tax credits from the IRA (30%-50%
ITC and $0.0275/kWh to $0.0305/kWh PTC)
e Use Avista-specific electricity rates.

Adoption models typically assume customers choose to install measures to reduce their energy
bills and improve their energy service. Customer wind generation will be modeled in dGen. For
battery storage, the team will implement a scenario with Avista’s pilot time-of-use (TOU) tariffs
to estimate how TOU rates could impact battery storage adoption.

In addition, the team will model battery storage in dGen to provide customers with added
backup power or resilience, improving their energy service. dGen includes a monetary estimate
of the resiliency value provided by battery storage systems based on a Lawrence Berkeley
National Laboratory (LBNL) report on the importance of service reliability.** dGen combines the
technology cost information with information on outages from the U.S. Energy Information
Administration’s EIA-861 data, which includes information on service reliability, which results in

% Block group is smallest level of resolution for which demographic statistics are available.

%4 Sullivan, Michael H., Josh Schellenberg, and Marshall Macdonald Blundell. 2015. Updated Value of Service Reliability Estimates for
Electric Utility Customers in the United States. Berkeley, Ca: Lawrence Berkeley National Laboratory. LBNL-6941E.
https://doi.org/10.272/1172643 .
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an estimate of the value of backup power for Avista's residential customers that range from $6
to $15 per year. The value of backup power for commercial customers varies from $780 to
$2620 per year and $21,560 to $54,940 for the industrial sector.

NREL notes in its report that its method of calculating backup power has limitations, including
the fact that it may need to reflect the value for customers who experience longer or more
frequent outages. Verdant recently completed a study of California residential customers’
willingness to pay for resiliency provided by battery storage, finding that many California
customers have a much higher value for resiliency than is represented within the NREL mode
To address these limitations, we will consider scenarios with higher values for backup power.

|65

For the high incentive scenarios, the team will adjust the adoption rates for residential service
points in Named Communities to be at parity with the rates for other customers after controlling
for building type (i.e., single-family, multifamily).

5.4 Load Impacts

The team will use the following approaches to determine the per-unit load impacts for new
generation and storage resources.

54.1 Solar PV

Cadeo will utilize NREL's PVWatts tool to develop customer solar load profiles. PVWatts is a
publicly available tool that produces hourly generation profiles for solar PV based on a user
input geographic location, tilt, and azimuth. The team will use PVWatts to create an 8760 hourly
generation profile for a premium (21% efficient) 1 kW panel using default settings and
representative tilt and azimuth values.

Customer solar load impacts for each service point will include the following assumptions:

e The team will randomly draw a tilt and azimuth from the distribution of tilt and azimuth
in dGen's input data files.

e The size (kWdc) for each service point will be determined by its building vintage. For
existing construction, the team will sample kWdc from a distribution of currently installed
solar PV in Avista territory, subject to the maximum kWdc allowed under the net
metering tariff. This approach will typically estimate a size of 5 to 9 kW. The team will
use the same method for new construction, but the team’s analysis indicates that new
construction often has small solar panels to satisfy state code requirements (typically, 2-3
kW).

Avista has a large service territory; rather than use a single, representative location, the team
acquired PVWatts profiles from four areas and will assign one of these four profiles to Avista
customers based on their counties.

% California's installed capacity of behind-the-meter, customer storage currently exceeds dGen's 2050 capacity forecast, potentially
reinforcing the importance of higher resiliency valuation for customers adopting storage.

11





DER Forecasting Methodology
New Generation and Storage

Table 8. Mapping of Solar PV Load Profiles to Avista Counties

Clarkson, WA Asotin, Whitman
Colville, WA Stevens, Ferry
Othello, WA Adams, Lincoln
Spokane, WA Spokane

5.4.2 Storage

Customer storage load profiles are not applicable for customers performing exclusive backups.
Verdant will use its optimal dispatch model against Avista's TOU rate to develop representative
shapes for the case with TOU rates.

5.4.3 Distributed Wind

The team will model distributed wind load impacts using typical weather and power curves
based on standard hub height.
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Section 6 Description of Output Files

AdopDER produces detailed results for the adoption and load impacts of electric vehicles,
charging, new generation, and storage. The team will deliver two model output files to Avista, as
described in this section. These model output files will be significant; the team will provide a CSV
file format rather than a spreadsheet document subject to Microsoft Excel’s row limits.

6.1 Adoption Output Structure

The team will produce an adoption output file with the following structure:

e Scenario. Reference or High Incentive.

e Year. The calendar year.

e Census Block Group. The census block group from the 2020 decennial census.

e State. Washington State.

e Customer Class. Residential, non-residential.

e DER Measure. LDV BEV, LDV PHEV, MDV BEV, HDV BEV, Level 1 EVSE, Level 2 EVSE,
DCFC EVSE, Solar PV, Storage, or Wind.

¢ Number Adopted. The count of service points that adopt the DER measure for each
combination of the segments above.

e Size Adopted. The total size of the DER Measure adopted (i.e., nameplate kW) for each
variety of the segments above.

6.2 Load Impact Output Structure

The team will produce a file with load impact output file with the following structure:

e Scenario. Reference or High Incentive.

e Year. The calendar year.

¢ Month. Month of the year.

e Day Type. Weekday or Weekend.

¢ Hour Ending. Hour of Day, 1-24.

e Census Block Group. The census block group from the 2020 decennial census.

e State. Washington State.

e Customer Class. Residential, non-residential.

e DER Measure. LDV BEV, LDV PHEV, MDV BEV, HDV BEV, Level 1 EVSE, Level 2 EVSE,
DCFC EVSE, Solar PV, Storage, or Wind.

e kWh. The average number of hourly kWh for each combination of the segments.

¢ Ancillary services kW. Hourly kW for ancillary services for each variety of the segments.
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