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Framing the results of this analysis

e Findings from this study do not support
definitive statements about the impacts PV

 Rather, the results show that:

— The impacts depend critically on the particular
circumstances of the utility, and may or may not
be significant

— If significant, the impacts can be mitigated
through various regulatory and ratemaking
approaches (separately or in combination)

Environmental Energy Technologies Division 3



Project overview ol

e Scoping analysis that:
— characterizes the scale of financial impacts of customer-
sited PV on utilities
— assesses the dependence of those impacts on
underlying utility conditions
— explores the efficacy and tradeoffs of potential mitigation
approaches

* Leverages LBNL pro-forma financial model of utility
costs and revenues

e Impact of PV measured in terms of estimated
changes to three metrics:
— utility achieved return-on-equity (ROE)
— utility achieved earnings
— customer average all-in retail rates

Environmental Energy Technologies Division 4



Model description

Key Model Inputs

Utility Physical
Characterization + Retail sales, peak demand,
customers, T&D losses

FEinancial
« Capital structure, debt cost,
authorized ROE, tax rates

Economic
* Fuel & purchased power, Non-fuel
0&M, capital expenditures, rate
base

« Test year, regulatory lag, allocation
of costs to rate components

Customer-sited Savings
PV + Peak and off-peak energy,
Characterization demand, system lifetime

Costs
+ Customer incentives, utility
incentives, administrative costs

}Ralemaking

Model
Inputs

Test year revenue
requirement

(3Miyr)

Test year billing
determinants
(cust., kKW, kwh)

reeererer III|

BERKELEY LAB

General Rate
Case (GRC)

GRC rates
DF;:en ($/cust., BkW,
9 $/kWh)

J

i

Regulatory Lag

T Output Metrics

¥

Rates ($/cust.,
$IkW, $fkwh)

Actual billing
determinants
(cust., kW, kWh)

Total customer Average all-in
) qu—— utility bills retail rates (bills /
($Mlyr) sales) ($/kwh)

Actual utility costs

(SMiyr)

Achieved earnings

. l T ($Miyr)
S R

Actual ratebase
equity (SM/yr)

l Achieved ROE

— T (%lyr)

* Pro-forma financial model originally developed to
guantify financial impacts of utility EE programs

Quantifies utility annual costs and collected revenues
over a long-term (e.g., 20-year) analysis period

Environmental Energy Technologies Division 5



Structure of the analysis rreef

BERKELEY LAB
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Two “prototypical” investor-owned utilities

e Southwestern vertically integrated utility
e Northeastern wires-only utility and default service provider

Analytical elements

e Base case: A reference point against which sensitivities and mitigation
measures can be measured

e Sensitivity cases: How do the impacts of PV depend on the utility operating
and regulatory environment?

e Mitigation cases: To what extent can the impacts of PV be mitigated through
regulatory and ratemaking measures?

Dimensions of the analysis

e Customer-sited PV ramps up over 10 years, reaching 2.5% to 10% of retail
sales (Sensitivity and Mitigation cases focus on 10% PV penetration)

e Utility costs and revenues modeled over 20 years to capture end-effects

Environmental Energy Technologies Division 6
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« Analysis is based on a financial modeling and does
not constitute a detailed analysis of the value of PV

* Financial impacts captured at the utility-level, not
customer-level; does not quantify cost-shifting or
cross-subsidization among customer classes

* |s not a cost-benefit analysis of PV or of net-
metering

* Does not consider impacts in combination with other
distributed resources (storage, energy efficiency)

« Considers two different utilities, many sensitivity and
mitigation scenarios, and multiple PV penetration
levels, but does not cover every possibility

Environmental Energy Technologies Division 7
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Customer-sited PV reduces utility retail sales "

and peak demand BERKELEY LAB
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« Customer-sited PV reduces sales on a one-for-one basis, but
reduces demand by less because timing of maximum PV output
does not perfectly coincide with customer peak demand

 Marginal impact of PV on peak demand also declines as the
timing of the net system peak shifts as PV penetration grows
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Sources of modeled cost reductions from "

customer-sited PV BERKELEY LAB
Cost Category Southwest Utility Northeast Utility

SRR EEL RGNS o Reduced fuel costs for utility- e Reduced energy and capacity
owned generation market purchases
e Reduced energy and capacity e Reduced transmission access
market purchases and PPAs charges
e Reduced RPS procurement costs* e Reduced RPS procurement costs*
e Reduced losses e Reduced losses
e Reduced O&M due to deferred e None
utility-owned generation
e Deferred utility-owned e Reduced distribution system
generation CapEx
e Reduced T&D CapEx
[

Taxes Deferred utility-owned e Reduced distribution system
generation CapEx
e Reduced T&D CapEx e Reduced collected revenues
e Reduced collected revenues

* The reduced RPS procurement costs occur as a result of the reduction in retail sales, upon which
RPS obligations are based. We do not assume in the base-case that customer-sited PV is used
directly to meet RPS obligations.
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Utility cost reductions from PV reeerf

BERKELEY LAB

Southwest Utility Northeast Utility

Fuel and Purchased Power Purchased Power
O&M B Depreciation
m Depreciation Interest on Debt
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Customer Demand Met With PV by 2022 Customer Demand Met With PV by 2022

» Differences in composition of cost reductions between utilities are due to
their differing cost structures: i.e., SW Utility owns generation while NE
Utility procures all generation requirements via purchased power

» Assumptions related to deferral of generation and T&D investments, and
to fuel and purchased power costs, are explored further in sensitivity
analysis
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Under base-case assumptions, PV reduces e

achieved ROE BERKELEY LAB

Southwest Utility Northeast Utility

0% 0%
- o 5 N |
C O 25% -0% € O 25% B 5%
£ > € > ]
o Q 8 o]
a
T B o2 s —
&3 7% o &3 5% I 10
= i = i
10% q -3% 10% —-18%
7.0% 7.5% 8.0% 8.5% 9.0% 5.0% 5.5% 6.0% 6.5% 7.0%
Achieved After-Tax ROE (Avg.; 10-yr) Achieved After-Tax ROE (Avg.; 10-yr)

« Customer-sited PV reduces revenues by a greater amount than it
reduces costs, leading to reduction in ROE (“revenue erosion effect”)

* Impacts are larger for the NE utility, because of its higher assumed
growth in fixed costs and its proportionally smaller rate base
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Achieved earnings reduced by lost future o

" 141 BERKELEY LAB
investment opportunities
Southwest Utility Northeast Utility
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PV reduces earnings as a result of both revenue erosion and also
deferred capital investments (“lost earnings opportunity effect”)

» Earnings impacts from deferred capital investments are most relevant
to the SW Utility, which owns generation and transmission, though both
utilities also experience earnings erosion from deferred distribution
investments (in the base case)
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Average customer rates increase slightly under e

" BERKELEY LAB
base case assumptions
Southwest Utility Northeast Utility
0% 0%
- N | - &
S Q 25% 0.0% S Q 2.5% W 0.2%
E > E >
v O T o o |
a a
5 g 5% B 0% 5 g 5% I 0.7%
= l = '
53 7% _— 53 7w — s
> i = i
10% I— 5 10% I— 7
14.0 14.2 14.4 14.6 14.8 19.0 19.2 19.4 19.6 19.8
All-in Average Retail Rates (cents/kWh; 20-yr) All-in Average Retail Rates (cents/kWh; 20-yr)

* Under base case assumptions, PV reduces sales and peak demand by
a greater amount than it reduces costs, which causes average retalil
rates to increase

* Note, though, that these estimated rate impacts represent average
Impacts across all customers, thus do not directly measure cost shifting
between PV and non-PV customers or for any individual customer class

Environmental Energy Technologies Division
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Sensitivity analysis overview )|

Objective: lllustrate the extent to which impacts of customer-sited PV on
shareholders and ratepayers depend on underlying utility conditions

Higher/lower PV capacity credit and ability of PV to

- | Value of PV

T N offset non-generation capital expenditure (CapEx)

g Load Growth Higher/lower load growth ° °

'~ Fixed O&M Growth Higher/lower growth rate of fixed O&M costs ° °

E Non-Generating CapEx Growth  Higher/lower growth rate of non-generation CapEx ° [

,’é" Fuel Cost Growth Higher/lower groyvth rate of fuel costs or wholesale . .

= energy market prices

g Coal Retirement Early retirement of existing coal generation °

o Utility-Owned Generation Share Higher share of utility-owned generation °

E Utility-Owned Generation Cost  Higher/lower cost of utility-owned generation °

= o iy R e ot Higher/lower rparket clearing price in the ISO-NE .

forward capacity market
Rate Design Higher/lower fixed customer charges ° °
E' ', | Rate Case Filing Period Shorter/longer period between general rate cases ° °
- - g ong
Shorter/longer period from the filing of a general rate

%’ °E’ Regulatory Lag / S . 5 < ° o
B & case to implementation of new rates
x 2 Use of current or future test year during general rate
— — Test Year . . . o °
2 £ cases, instead of historical test year
bt PV Incentives $0.5/Watt rebate provided by the utility to customers . o

with PV

Environmental Energy Technologies Division



Sensitivity analysis summary i

BERKELEY LAB

Southwest Utility Northeast Utility

10% - 10% -
2 0O o
%\': 0% o . 0% . T
i
o
S -10% - © -10% 1
2 o
2 -20% - 20% | O
§
= -30% - -20% -
b 30% Sensitivity Range 30%
o0
_':c" _40% - OBase Case 40% -
(@)

-50% - -50% -

ROE Earnings Rates ROE Earnings Rates

*All sensitivity cases focus on impacts under 10% PV trajectory for illustrative purposes

* Impacts are directionally consistent, but their magnitude varies widely

* Shareholder impacts (ROE and earnings) are particularly sensitive to
utility operating and regulatory environment, especially for NE Utility

» Greatest sources of sensitivity vary by metric and utility: e.g., for NE
utility, choice of test year and load growth causes large swings in
shareholder impacts, but value of PV is key for ratepayer impacts

Environmental Energy Technologies Division
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Sensitivity analysis example: Value of PV

BERKELEY LAB

ROE Impacts (10-yr Avg.) Earnings Impacts (20-yr NPV) Rate Impacts (20-yr Avg.)
0% - o 0% -
_5% |

5%

5% 4% -

-10% A
-15% -

-10%
3% -

-15%

Change from No-PV to 10% PV

-20% 2% - —
-20%
_9Eo
25% 1% - |
-30% -25%
[v) -

35% -30% 0%
-40% -35% -1%

W NE SW NE SW NE

M Low Value of PV Base Case H High Value of PV

» Value of PV sensitivities consider alternate assumptions about the
capacity value of PV and whether impacts on T&D costs are positive or
negative

* Impacts can be quite sensitive to these assumptions, but implications
are divergent for shareholders vs. ratepayers: High Value of PV results
In lower ratepayer impacts but higher shareholder impacts

Environmental Energy Technologies Division



Selected additional sensitivity results '\Ill

 Load growth: Shareholder and ratepayer impacts tend to be
more significant with lower underlying load growth, partly
because of reduced opportunities for deferral of capital
expenditures

 Rate structure: Shareholder impacts tend to be more severe
when retail rates rely predominantly on volumetric energy
charges, because of greater revenue erosion

* Ratemaking process: Shareholder impacts are more severe
when longer lags exist within the ratemaking process (e.g.,
longer periods between rate cases or use of historic test years)

o Utility cost growth: Shareholder and ratepayer impacts also
depend on magnitude and growth of various utility cost elements,
though the degree and direction of those sensitivities depend on
the type of cost and how it is recovered (i.e., via fuel adjustment
clause or via rates set in rate case)

Refer to report for details on the full set of sensitivity cases

Environmental Energy Technologies Division
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Mitigation analysis overview reeserd

A
Il

Objective: Explore the efficacy and potential tradeoffs associated with
regulatory and ratemaking measures for mitigating the impacts of PV

Mitigation Measure

Erosion Opportunities Rates
Revenue-per-Customer (RPC) Decoupling ) o)

Lost Revenue Adjustment Mechanism (LRAM) )

Shareholder Incentive °
Shorter Rate Case Filing Frequency

No Regulatory Lag

Current & Future Test Years

Increased Demand Charge & Fixed Charge
Utility Ownership of Customer-Sited PV °

Customer-Sited PV Counted toward RPS °

e Primary intended target of mitigation measure
o May exacerbate impacts of customer-sited PV

e 6 o o
O O OO0 OO0 O

Example results

« Mitigation scenarios borrow from measures implemented with energy efficiency
programs, though are not an exhaustive set of options

« Mitigation analysis focuses on impacts under 10% PV trajectory, for illustrative
purposes

Environmental Energy Technologies Division



Decoupling and LRAM mitigate revenue o

erosion effect BERKELEY LAB

Achieved ROE Average Retail Rates

LRAM +0.4% +0.03

RPC Decoupling - with k +1.2% +0.08
> i
§= RPC Decoupling - No k -0.4% 0.02
.; -
- Base 10% -1.2% +0.23
Ll i
< Base 0% 6.9% 16.09

0% 5% 10% 0 5 10 15 20

Achieved After-Tax ROE (Avg.; 10-yr) Average Rate (cents/kWh Avg.; 10-yr)

« RPC decoupling and LRAM mitigate revenue erosion impacts from
customer-sited PV, thereby improving ROE, but degree of mitigation
varies by utility and depends on design (e.g., k-factor)

« Mitigation of shareholder impacts in these cases necessarily entails an
Increase in average retail rates, illustrating one form of tradeoff

Environmental Energy Technologies Division




Utility ownership of PV may provide substantial o

earnings opportunities offsetting the impacts
« Utility ownership and

o . Achieved Earnings
capitalization of customer-sited

PV provides increased earnings,

offsetting most or all the financial ity Ownership - 10% of PV +86

impacts to shareholders > Utility Ownership - All PV racs
« NE Utility could see substantial § Base 10% g

Increases in earnings by % o .

Investing in customer-sited PV
especially given otherwise
limited opportunities for capital
iInvestment

« Utility ownership or financing of
customer-sited PV may raise
significant policy and/or
regulatory issues around risk
sharing, competition, and
generation asset ownership

0 2,000 4,000 6,000 8,000

Achieved Earnings (SM NPV; 20-yr)

Utility Ownership - 10% of PV +70
+701

Utility Ownership - All PV

Base 10% -105

>
=
-
>
L
2

Base 0% 681

0 200 400 600 800 1,000

Achieved Earnings (SM NPV; 20-yr)
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Counting customer-sited PV towards utility RPS o

compliance mitigates rate impacts
: certificates (RECSs)
Count toward RPS 014 generated by customer-
> : sited PV to utility RPS
= Base 10% +0.23 compliance reduces a
D | . .
> portion of RPS compliance
@ pase O% 1280 costs and reduces average
0 5 10 15 retail rates
Average Rate (cents/kWh Avg.; 10-yr) ) )
_  There is no change in
Count toward RPS 019 shareholder impacts as
> : RPS compliance costs are a
i;?. Base 10% +0.23 pass-through to customers
L o ' - _(and RECs d_o not offset
° ' iInvestments in renewable
0 5 10 15 20 generation)

Average Rate (cents/kWh Avg.; 10-yr)
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Conclusions

 Even at penetration levels significantly higher than today, the
Impacts of customer-sited PV on average retail rates may be
relatively modest (though we stress that our analysis does not
Isolate cost-shifting per se)

* |n comparison, impacts on utility shareholders are potentially
much more pronounced, though they depend highly upon the
specifics of the particular utility

e Various “incremental” changes to utility business or regulatory
models (as opposed to wholesale paradigm shifts) can mitigate
the impacts of customer-sited PV on utility ratepayers and
shareholders

 However, those measures generally entail important tradeoffs,
either between ratepayers and shareholders or among
competing regulatory and policy objectives

Environmental Energy Technologies Division




Potential areas for future research

As a scoping study, one final objective was to highlight additional
guestions and issues worthy of further analysis, including to:

 Benchmark the impacts of customer-sited PV against other
factors affecting utility profitability and customer rates

e Examine the combined impacts from customer-sited PV,
aggressive energy efficiency, and other demand-side measures

« Examine differential impacts among customer groups, including
cost-shifting from PV to non-PV customers

 Examine a broader range of mitigation options and combinations
thereof

e Continue improving methods for estimating the avoided costs
from customer-sited PV

 |dentify strategies for maximizing the avoided costs of customer-
sited PV

Environmental Energy Technologies Division




For more information

Download the full report and companion briefing:
http://emp.lbl.gov/publications

Contact the authors:

Andrew Satchwell | asatchwell@Ibl.gov
Andrew Mills | admills@Ibl.gov
Galen Barbose | glbarbose@Ibl.gov

Thanks to the U.S. DOE’s Solar Energy
Technologies Office for funding this work
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