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This report was prepared by Navigant Consulting, Inc. (Navigant) for NorthwWestern Energy. The work
presented in this report represents Navigant’s professional judgment based on the information available
at the time this report was prepared. Navigant is not responsible for the reader’s use of, or reliance upon,
the report, nor any decisions based on the report. NAVIGANT MAKES NO REPRESENTATIONS OR
WARRANTIES, EXPRESSED OR IMPLIED. Readers of the report are advised that they assume all
liabilities incurred by them, or third parties, as a result of their reliance on the report, or the data,
information, findings and opinions contained in the report.
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1.1 Background

Navigant was retained by NorthWestern Energy (NorthWestern) to conduct an economic analysis and
evaluation of solar photovoltaic (PV) net energy metering (NEM) benefits and costs in the State of
Montana in response to House Bill 219, passed by the Montana Legislature in April 2017 and signed by
the Governor of Montana on May 3, 2017. NorthWestern is required to conduct and submit to the
Montana Public Service Commission (MPSC) a NEM study of the costs and benefits of customer-
generators before April 1, 2018. The results of Navigant’'s NEM study complies with the law, and could
support the development of a new rate class for NEM solar if the results of the study justify the need to
create a separate NEM rate class.

1.2 Study Objectives

This NEM study focuses on developing utility system benefits and costs of solar PV NEM resources over
a 25-year analysis period, years 2018 through 2042. Specifically, Navigant’s study evaluates customer-
generators with behind-the-meter solar PV rated up to 50 kW within NorthWestern’s Montana electric
service territory. The benefits and costs derived in the study are based on the categories outlined in the
Minimum Information Requirements in Attachment 1 of the MPSC Notice of Commission Action (MPSC
Notice) dated August 9, 2017. 1 Navigant compared this list to the benefit and cost categories outlined in
the National Association of Regulatory Utility Commissions (NARUC) Manual on Distributed Energy
Resources Rate Design and Compensation? and believes these categories identified in the MPSC Notice
are reasonable and sufficient for the purposes of a net metering study. All costs and benefits in this study
are derived using 25-year levelized values.

! Montana Public Service Commission (MPSC) Docket No. D2017.6.49;

2 Staff Committee on Rate Design, Manual on Distributed Energy Resources Rate Design and Compensation, National Association
of Regulatory Utility Commissions, 2016.
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This section outlines Navigant’s approach to conducting the NEM study. It presents the rationale and
sources the Navigant team? relied on to derive marginal benefits and costs for each category outlined in
the MPSC Notice. Navigant’s approach generally erred on the side of ensuring a higher level of solar
benefits; however we consider the range of uncertainty on the results presented in this report to be fairly
narrow. The team’s approach recognized location-based factors outlined in the MPSC Notice, and
incorporated these factors for certain benefit categories. The applied methodology for certain benefit and
cost streams was informed by NorthWestern’s discussions with the Electric Technical Advisory
Committee as required in the MPSC Notice.

2.1 Solar Adoption Scenarios

The MPSC engaged the National Renewable Energy Laboratory (NREL) in late 2017 to prepare a
detailed 25-year forecast of NEM solar potential within NorthWestern’s Montana service territory.*
Navigant relied on the results of the NREL study to develop three solar adoption scenarios for the NEM
study, summarized in Table 1. These projections include an annual degradation factor of 0.5% over the
analysis period to account for loss of solar panel efficiency.

Table 1. Solar PV Adoption Scenarios (Net MW)

Year Low Medium High

2018 16.4 18.9 21.5

2019 22.1 31.2 40.4

2020 28.9 47.1 65.2

2021 36.5 66.8 97.1

2022 45.2 88.0 130.7
2023 55.1 108.2 161.3
2024 66.5 127.7 188.9
2025 80.2 146.0 211.8
2026 95.3 163.3 231.3
2027 112.2 180.2 248.3
2028 128.7 195.5 262.4
2029 142.4 207.6 272.8
2030 154.8 217.9 280.9
2031 166.7 227.3 287.8
2032 177.4 235.6 293.8
2033 186.2 242.7 299.3
2034 193.3 249.0 304.7
2035 198.5 254.4 310.2

8 Throughout this report, all references to “the team” refers to the Navigant team.

4 Paritosh Das, Kevin McCabe, Pieter Gagnon. Projections of Behind-the-Meter Photovoltaic Adoption in NorthWestern Energy’s
Montana Service Territory through 2050,

Page 2
©2018 Navigant Consulting, Inc.


https://www.nrel.gov/docs/fy18osti/70696.pdf

N \VlGANT Solar Net Metering Benefit-Cost Analysis

Year Low Medium High

2036 202.6 259.4 316.1
2037 206.3 264.5 322.8
2038 209.3 269.7 330.1
2039 211.6 275.0 338.4
2040 213.6 280.0 346.4
2041 2154 284.0 352.6
2042 217.0 287.7 358.3

Source: Navigant analysis

To derive the forecasts in Table 1, Navigant adjusted NREL'’s results® to ensure that the forecasts were
realistic in the context of its study. NREL'’s study applies a modeling framework that predicts market
adoption as a function of customer economics (i.e., the payback period for customers to obtain a net-
positive return on their investment in solar). NREL makes various assumptions that lead to advantageous
participating customer economics (e.g., full retail rate for excess energy, omission of PV system financing
costs and eligibility factors), therefore predicting a high level of adoption. Furthermore, at the solar
adoption levels predicted for NREL’s Central, Central+, Favorable, and Favorable+ forecasts, Navigant
expects that NorthWestern would encounter performance issues such as reverse power flow and thermal
or voltage violations when midday load is low and solar output is high. To alleviate these impacts,
NorthWestern would likely be required to make various distribution system upgrades, thereby reducing
the net benefit that solar provides to the grid. Applying this reverse power threshold on NEM solar avoids
the cost of mitigating reverse power and performance violations.® Navigant expects that as solar
penetration levels increase in the later years the NEM retail rate will decline due to a reduction in the net
benefits.”

Navigant developed a more realistic high forecast for its study where NEM solar adoption at each
substation is based on a reverse power flow threshold. This derivation of the reverse power threshold is
based on a substation-level analysis of minimum load to set the maximum limit of NEM in 2042 (i.e., the
last year of the analysis period). Navigant then scaled the solar forecast in all other years based on
NREL'’s Central+ adoption forecast. For its low forecast, Navigant used NREL'’s Unfavorable forecast of
solar adoption adjusted for degradation. For the medium forecast, Navigant averaged its low and high
forecasts.

2.2 Solar Profiles

Navigant utilized the same solar production shape methodology used in NREL’s study which based the
solar production shape on a weighted mixture of rooftop orientations and locations of the entire fleet of
systems in 2018. The team then applied an annual degradation factor of 0.5% to forecast the production
shape based on the number of years each system is in place. The average undegraded shape by hour of
day and month is shown in Figure 1.

5 NREL's study reported six different adoption forecasts: Unfavorable, Unfavorable+, Central, Central+, Favorable, and Favorable+.
5 Because Navigant constrained NEM solar capacity forecasts to avoid mitigation costs, the interconnection and integration cost
components in Sections 2.6.3 and 2.6.4 are set at zero.

" For example, in Arizona, the commission decided to reduce the export rate for excess solar generation to a flat rate that converges
over time towards actual avoided costs which were lower than the retail rate. See:
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Figure 1. PV Production Shape by Hour of Day and Month
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Source: Navigant Analysis of National Renewable Energy Lab Data

2.3 Financial Parameters

Navigant applied a 7.03% nominal discount rate® for all present value calculations for the utility cost test
(UCT) and ratepayer impact measurement (RIM) tests based on NorthWestern's approved weighted
average cost of capital (WACC). Navigant recognizes MPSC’s recommendation in the MPSC Notice to
consider the long-term, risk-free rate in addition to NorthWestern’s own marginal cost of capital;, however,
the team applied the commission-approved discount rate for consistency with NorthWestern’s recent
avoided cost and other filings. To forecast future prices, Navigant applied a 2% inflation rate based on the
20-year average inflation escalation for GDP provided by the US Bureau of Economic Analysis.

2.4 Benefit-Cost Analysis Framework

Navigant created a model that calculates the net present value of benefits and costs of NEM from two
cost test perspectives:

1. Utility Cost Test (UCT): This test calculates the benefits and costs from NorthWestern’s
perspective. The resulting net present value from this cost test can be used to quantify the net
benefits that NEM provides to the utility and can help set a value-based rate at which customers
are paid for their excess energy.

2. Ratepayer Impact Measure (RIM) Test: This test calculates the benefits from the customers’
perspective and therefore can be interpreted as a customer impact test. The resulting net present
value from this cost test is often used to inform whether the amount paid or credited to the solar
owner exceeds the net benefits from NEM realized by the utility. If the net present value is

8 From MPSC Notice: “NWE should use scenarios which use the long-term risk-free rate and also its own marginal cost of capital as
proxies for a reasonable discount rate.”
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negative, it can be inferred that non-participants are subsidizing the participants. Contrarily, if the
net present value is positive, it can be inferred that participants are subsidizing the non-
participants. Under either condition, it may be appropriate to form a new rate class for NEM solar
customers.

The definitions of these cost tests are in accordance with the California Public Utilities Commission
California Standard Practice Manual,® by applying the cost-effectiveness framework outlined in Table 2.

Table 2. Cost Test Definitions

Value Stream UCT RIM
Avoided Energy Costs Benefit Benefit
Avoided Capacity Costs Benefit Benefit
Avoided Transmission and Distribution Capacity Costs Benefit Benefit
Avoided System Losses Benefit Benefit
Avoided RPS Compliance Costs Benefit Benefit
Avoided Environmental Compliance Costs Benefit Benefit
Market Price Suppression Effects (Fuel Hedging) Benefit Benefit
Avoided Risk (e.g., reduced price volatility) Benefit Benefit
Avoided Grid Support Services Costs Benefit Benefit
Avoided Outages Costs Benefit Benefit
Non-Energy Benefits Benefit Benefit
Reduced Revenue N/A Cost
Administrative Costs Cost Cost
Interconnection Costs Cost Cost
Integration Costs Cost Cost

Source: Navigant

For the three solar adoption scenarios, Navigant calculated a nominal cash flow of each value stream
over a 25-year analysis period (2018-2042). The team then calculated a 25-year levelized value of solar
in dollars per kilowatt-hour for each cost test based on the levelization methodology described in
Appendix B.

2.5 Benefit Calculation Methodologies

This section provides the definition of each benefit stream and Navigant’s approach to quantifying these
values. Navigant evaluated benefit categories that align with those outlined in Attachment 1 to the MPSC
Notice. The methodology is also consistent with the descriptions outlined in the MPSC Notice, which the
team applied to derive values in each category. To the extent possible, Navigant sought to derive
marginal benefits (and costs in Section 2.6) based on NorthWestern data and resource plans versus
reliance on industry averages and proxy data.

9 California Public Utilities Commission, California Standard Practice Manual: Analysis of Demand-Side Programs and Projects,
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2.5.1 Avoided Energy Costs

Previous Navigant NEM studies indicate that benefits associated with avoided energy production typically
constitute the majority of avoided costs associated with solar NEM. Hence, Navigant carefully reviewed
and vetted the assumptions and methods used to derive long-term avoided energy costs. Further, the
team’s marginal energy cost forecast is based on the preferred MPSC-accepted methodology for
estimating avoided energy costs for Qualifying Facilities (QF). Navigant applied avoided energy costs
derived via NorthWestern using PowerSimm ™10 production cost simulation software.

The PowerSimm production cost analysis was used to derive avoided fuel, startup, and variable
operations and maintenance (O&M) associated with seasonal variations in resource output using
adjustments!! to NorthWestern’s most recent resource plan and assumptions. Navigant independently
developed 25-year carbon price forecasts (details in Appendix A) for NorthWestern’s generating units.
The team derived avoided energy costs based on the difference in energy costs for the three solar
scenarios (i.e., high, medium, and low forecasts) and the business-as-usual (BAU) case with and without
carbon pricing. For each of the solar scenarios, avoided energy costs were calculated by comparing the
difference in total production (energy) costs from PowerSimm for each solar forecast to the BAU case.
The difference in total energy cost divided by net solar output represents the costs avoided by NEM solar.

Table 3 summarizes the 25-year levelized avoided energy costs value by solar adoption forecast and CO:2
price forecast.

Table 3. Levelized Avoided Energy Costs (25-Year)

Total Benefit: 25-Year Levelized

Solar NEM Scenario

($/kWh)
Low Forecast, CO: Included $0.032
Medium Forecast, CO: Included $0.031
High Forecast, CO: Included $0.030
Low Forecast, CO2 Excluded $0.030
Medium Forecast, CO2 Excluded $0.029
High Forecast, CO2 Excluded $0.029

Source: Navigant

2.5.2 Avoided Capacity Costs

Avoided capacity costs are defined as the value of the deferral or avoidance of capacity purchases or
investments due to the reduction in balancing area (BA) demand net of firm12 solar capacity.

10 PowerSimm™ is a production cost modeling software by Ascend Analytics (

).
11 Adjustments were made to the forward price curves, known changes in resource portfolio, analysis horizon, and carbon pricing.
12 For capacity-related avoided costs discussed in this report (i.e., avoided capacity costs, avoided T&D capacity costs), Navigant
defines “firm solar capacity” as capacity-equivalent solar capacity trued up for line losses, adjusted for system coincidence, and
adjusted for variable power output (e.g., changes in hourly solar output). This is distinguished from “nameplate solar capacity” which
is the instantaneous maximum output of a solar PV system.
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Navigant applied an annual average 6.1% capacity contribution factor to convert the solar nameplate
capacity from behind-the-meter to firm capacity at the bulk system level (i.e., NorthWestern’s BA). This
factor was derived by NorthWestern using Southwest Power Pool’s net planning capability calculation tool
based on 10 years of QF solar and Montana retail load data, and that was approved by the MPSC in
NorthWestern’s last QF-1 docket.'® Navigant reviewed this methodology and believes it provides a
reasonable estimation of equivalent load carrying capability (ELCC) for NEM solar within NorthWestern’s
Montana service territory.4

To monetize the marginal value of firm solar capacity, Navigant used a levelized avoided cost of capacity
corresponding with a 25-year net present value obtained from NorthWestern’s recent QF-1 filing.
Because NorthWestern currently has capacity deficits, avoided capacity costs occur in the early years of
the study.

Table 4 summarizes the 25-year levelized avoided capacity costs value by solar adoption forecast
scenario.

Table 4. Levelized Avoided Capacity Costs (25-Year)

Total Benefit: 25-Year Levelized

Solar NEM Scenario ($/annualized kWh)

Low Forecast $0.005
Medium Forecast $0.005
High Forecast $0.005

Source: Navigant

2.5.3 Avoided Transmission and Distribution Capacity Costs

For transmission and distribution (T&D) benefits, Navigant derived avoided costs based on detailed
marginal cost information that it was able to obtain from NorthWestern’s resource plans and budgets for
capacity-based investments. Navigant assigned T&D benefits based on locational factors, including site-
specific capacity additions that can reasonably be deferred (i.e., postponed) by firm NEM solar capacity.
The team applied criteria that properly accounts for the amount of solar that is projected to be installed at
specific locations on NorthWestern’s distribution system and the timing of specific planned T&D capacity
additions. This methodology is more rigorous and accurate than high level approaches, such as
regression methods cited in Attachment 1 of the MPSC Notice. Similar to generation capacity
contribution, there must be sufficient firm renewable capacity available along with adequate margins to
defer a proposed T&D addition. The timeframe for which a capacity addition may be deferred is one or
more years, which recognizes that load may grow more rapidly than the adoption of firm solar capacity at
some substations.

2.5.3.1 Avoided Distribution Capacity Costs

Navigant derived avoided distribution capacity costs by projecting the amount of firm solar capacity that
will be installed at NorthWestern’s distribution substations, and then determined whether this firm capacity
would be sufficient to defer capacity investments at these substations at any point over the next 25 years.

¥ MPSC Docket D2016.5.39

14 In Section 3.3, Navigant recommends that NorthWestern conduct a study to update the capacity contribution value based on solar
profiles from the National Renewable Energy Lab (NREL) studies cited herein and current load patterns for the NorthWestern
system.
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Navigant estimated the amount of NEM solar that will be installed at NorthWestern distribution feeders
based on (1) the number of customers receiving service under NorthWestern’s residential and general
service rate classes (i.e., primary demand, primary non-demand, secondary demand, and secondary non-
demand) at each substation, (2) an analysis of solar production’s coincidence with substation-level peak,
and (3) seasonality. The team’s allocation approach assumes that all eligible NorthWestern customers
are offered an equal opportunity to participate in the NEM solar program, and that the number of
customers that elect to participate will occur at the same rate (i.e., in proportion) at each substation
throughout NorthWestern’s service territory.

The next step included a projection of when new substation capacity will be required over the next 25
years. Navigant obtained substation capacity ratings and compared these ratings to seasonal peak
demands projected at each substation; NorthWestern provided demand forecast projections for each
substation. If the amount of firm NEM solar capacity exceeded projected substation capacity deficits,
solar was assigned a credit equal to the number of years that traditional capacity additions could be
deferred multiplied by the assumed annual fixed cost of the traditional investment.

Navigant applied the following data and assumptions to determine the amount and value of deferring
traditional substation capacity investments:

e Navigant applied a 52.1% and 0.0% seasonal capacity equivalence factor!® for summer and
winter, respectively, to estimate the capacity-equivalent solar capacity

¢ Navigant tracked NEM'’s forecasted effect on the winter and summer peak load to determine
whether a particular substation is converted from summer-peaking to winter-peaking in the future
due to the presence of solar

e A 3-year lead time to confirm that sufficient firm NEM solar will be available prior to the date when
NorthWestern must make a go/no go decision on whether to proceed with the traditional solution

e A 10% margin to ensure sufficient NEM solar capacity is available in the event of higher than
expected demand or less than expected solar output

o Cost of traditional substation capacity addition based on the size of existing substation capacity:
$500,000 if less than or equal to 1 MW; $1.75 million if less than or equal to 5 MW, but greater
than 1 MW, $8 million if less than or equal to 20 MW, but greater than 5 MW, $20 million if greater
than 20 MW

e Levelized annual fixed carrying charge rate of 15% for substation capacity

¢ No benefits accrue beyond year 25

Table 5 presents Navigant’s projections of the number of deferral instances and value of substation
capacity deferred by NEM solar for each of the three scenarios evaluated in its study.

15 Navigant derived these values based on NorthWestern's Southwest Power Pool (SPP) Renewable Net Capability Tool.
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Table 5. Substation Capacity Deferrals

Solar Adoption Number of Deferrals Total Number of Levelized Value of

Forecast Years of Deferral Deferrals ($/kWh)
Low 6 13 $0.002
Medium 6 16 $0.002
High 6 18 $0.002

Source: Navigant analysis

2.5.3.2 Avoided Transmission Capacity Costs

From prior studies, Navigant has determined that the opportunities for deferral of transmission capacity is
limited, and for some systems, nonexistent. The reasons for the limited deferral opportunity include:

(1) The long lead time required for planning, permitting, equipment procurement, and construction;

(2) The large number of capacity projects that are required to meet North American Electric
Reliability Corporation (NERC) reliability criteria;

(3) The small amount of firm solar capacity—firm solar additions range from about 20 MW to 25 MW
by year 25—versus capacity deficits, particularly for single (n-1) or second contingency (n-2)
events;16

(4) Transmission that is constructed to interconnect generation or enable economic transactions with
utilities and third parties located in other BAs;

(5) The mismatch between the seasonal and hourly time of the transmission peak versus the hours
when solar capacity would be available; and

(6) The relatively small number of transmission upgrades or additions that are based solely on
capacity deficiencies (e.g., obsolescence, condition, operating requirements, and site-related
factors such as clearances often are reasons why transmission upgrades are required).

Navigant reviewed NorthWestern’s proposed transmission projects for the next 15 years, and determined
that none of the projects projected for the first 10 years could be deferred by NEM solar capacity. Most
projects were either not needed to address capacity deficits, or were needed because conditions or
deficiencies driving the need for these upgrades are necessary before the date when sufficient firm solar
capacity would be available to defer the investment. Beyond 10 years, Navigant estimated, at a high
level, that a mid-level transmission investment (e.g., $10 million) could potentially be deferred for up to 3
years for each scenario based on the amount of firm NEM solar.1” The team assumed the deferral would
occur in year 15 (i.e., 2032). Table 6 summarizes the 25-year levelized avoided transmission costs value
by solar adoption forecast.

16 NorthWestern has adopted North American Electric Reliability Corporation (NERC) PO through P6 convention for categorizing
normal versus contingency loadings.

17 Navigant cautions that the assumption for transmission deferral is based on high level estimates used for the purpose of
developing NEM avoided costs. The value derived by the team should not be construed to apply to specific projects, including QF
interconnection requests.
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N \VlGANT Solar Net Metering Benefit-Cost Analysis

Table 6. Levelized Avoided Transmission Costs (25-Year)

Total Benefit: 25-Year Levelized

Solar NEM Scenario

($/kWh)
Low Forecast $0.001
Medium Forecast $0.001
High Forecast $0.000'8

Source: Navigant

Table 7 summarizes the 25-year levelized avoided T&D costs value (i.e., Table 5 + Table 6) by solar
adoption forecast.

Table 7. Levelized Avoided T&D Costs (25-Year)

Total Benefit: 25-Year Levelized

Solar NEM Scenario

($/kWh)
Low Forecast $0.003
Medium Forecast $0.003
High Forecast $0.002

Source: Navigant

2.5.4 Avoided System Losses

Navigant derived the avoided system losses value using 4.05% distribution system losses and 4.03%
transmission system losses. The distribution losses were derived by NorthWestern based on a CYME-
DIST*® model of distribution substations serving various rural, urban, and combination circuits. The
transmission losses are based on NorthWestern Montana’s 1998 Transmission Loss Study. The
approximately 8% value of combined T&D losses is consistent with or greater than values in
NorthWestern’s wholesale tariffs and avoided costs studies that Navigant has encountered in prior
studies; therefore, Navigant deemed each of these loss percentages as reasonable.

Table 8 summarizes the 25-year levelized avoided losses value by solar adoption forecast and CO: price
forecast scenario.

18 This value rounds to zero, but is a non-zero value in the model
19 CYME-DIST is an industry-standard distribution modeling software platform.
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N \VlGANT Solar Net Metering Benefit-Cost Analysis

Table 8. Levelized Avoided Losses (25-Year)

Total Benefit: 25-Year Levelized

Solar NEM Scenario

($/kWh)
Low Forecast, CO2 Included $0.003
Medium Forecast, CO: Included $0.002
High Forecast, CO:z Included $0.002
Low Forecast, CO2 Excluded $0.002
Medium Forecast, CO2 Excluded $0.002
High Forecast, CO2 Excluded $0.002

Source: Navigant

2.5.5 Avoided RPS Compliance Costs

Avoided renewable portfolio standard (RPS) compliance costs represent the benefit associated with
NEM'’s ability to assist NorthWestern in meeting its RPS compliance obligations. Navigant understands
that Montana has a 15% RPS standard?°. Based on Figure 2, Navigant determined that NorthWestern’s
RPS re