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Agenda

* Describe primary elements of the critique of Duke’s coal retirement
analysis

* Point out challenges in performing fleet-wide retirement analyses

 Detail capacity optimization model (i.e., EnCompass) abilities with
respect to endogenous retirements

* Describe methodologies from other utilities’ retirement analyses
(PacifiCorp, NIPSCO)

* Present a recommended pathway for Duke
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Valuation of Existing Facilities

* The purpose of an Integrated Resource Plan is to help determine what set of resources, both supply
and demand-side, and existing and new, best serve customer requirements.

Do the coal plants economically serve customer requirements?

e |s there a combination of other existing and new resources that can meet customer
requirements at a lower cost today?

Are the coal plants expected to operate economically in the future?

e |s there a time at which the forward costs of the plants exceed the cost of replacement?

What is the best combination of retirement dates?

e |f units don’t serve customers economically today, or at a point in the future, when can
they be taken offline?
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Critique of Duke’s Retirement Analysis

Replacement Analysis
Held Separate Other Issues

lllogical Retirement “Sequential Peaker”
Order Embeds Assumptions

e Rank order of e Compares each coal e Optimization occurs e Lack of transparency
retirements was unit to a new after retirements are in results
based on unit combustion turbine, selected (ignores e Not clear if lack of
capacity (smallest valued at Net CONE potential for lower nearer term
units first) e Other replacement cost replacement) retirements is
e Ignores fundamental portfolio could based on high
economics provide services at value of coal units,
e Least economic units lower cost or built-in barriers
should be taken e Method embeds to replacement
offline first assumed value of * Proposed retirement
energy, rather than dates are
head-to-head disconcertingly
comparison similar to

depreciation dates
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Critique of Duke’s Retirement Analysis

* Rank order of
retirements was
based on unit
capacity (smallest
units first)

* Ignores fundamental
economics

* Least economic units
should be taken
offline first

Standard Utility Resou Planning and Resource Valuation
lllogical Retirement \
Order i

Highest cost coal Least cost coal
plant retires first plant retires last

Duke’s Coal Retirement Methodol

s | lfu Lﬂ

Smallest coal Largest coal
plant retires first plant retires last
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Critique of Duke’s Retirement Analysis

\ Standard Utility Resource Planning and Resource Valuation

“Sequential Peaker”

Embeds Assumptions

-.(
e Compares each coal I
unit to a new
combustion turbine, Coal plant
valued at Net CONE cost

e Other replacement
portfolio could
provide services at
lower cost

* Method embeds
assumed value of
energy, rather than
head-to-head
comparison

resources
\ Duke’s Coal Retirement Methodology

bea - 7

Coal plant Value of
cost energy

Cost of coal plant capacity
less energy value
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Cost of replacement portfolio providing same services
*may include incremental generation from existing

=0 4
1 I] +

Gas plant Value of
cost energy

Cost of gas peaker capacity
less energy value



Challenges with Fleet-Wide Retirement Analyses

Evaluating a large number of plants is non-trivial, but feasible

Increasingly

e Impacts on the operations of other existing resources and net exchanges sophisticated

. g)srsdeesgg; retirements may be critical: each retirement may impact the value of the next unit energy system

¢ |mpacts on transmission loading and constraints models can
Costs that do not scale readily can pose a challenge, but are not endogenously
insurmountable evaluate —and

e Fixed O&M (like labor costs) at multi-unit plants may not scale with the retirement of one unit Optimize — unit

e Ramp-down of capital towards the end of a unit’s life requires care retirements and

Long-run fuel supply agreements may require damage assessment (not anticipated for Duke) COSt-EffECtiVE

replacement

Requires large-scale procurement assessment, continual market testing
Best solved through rigorous all-source procurement

www.synapse-energy.com | ©2021 Synapse Energy Economics Inc. All rights reserved. 7



Modeling Endogenous Retirements

* What are “endogenous retirements?”

* Unit retirement decisions that are internal to the model

* EnCompass settings for endogenous retirement

e Can allow for economic retirement or not
* Can specify a particular year that a unit becomes eligible for economic retirement

e Can limit the number of MW per year that can be retired

* When does EnCompass choose retirement?

* When unit fixed costs exceed unit profitability (energy, capacity, and ancillary revenues)

 For units operating in a vertically-integrated area, “unit profitability” is cost of providing energy and ancillary
services, multiplied by generation

* Limitations to modeling endogenous retirements

* Does not consider how early retirement might change investment decisions at the unit
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Retirement Analyses — PacifiCorp 2013

* PacifiCorp 2013 Integrated Resource Plan

* Filed April 2013

* Introduction of endogenous retirement in System
Optimizer model

 Calibrated model to internally assess forward-

looking costs of plant against alternative portfolios

* Implemented incremental capital and fuel
contract solutions

* PacifiCorp coal fleet in 2013 exceeded scope of
Duke’s fleet in 2021

* In 2013, PacifiCorp’s coal fleet was 6,168 MW, or
52% of capacity

* In 2021, DEC & DEP coal comprised 9,200 MW, or
26% of generating capacity
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Portfolio Modeling: System Optimizer

The System Optimizer model operates by minimizing for each vear the operating costs for
existing resources, taking into considerafion potenfial compliance alternatives to coal unit
environmental investments, subject to system load balance, reliability and other constraints. Over
the 20-year study period, it optinizes resource additions subject to resource investment and
capacity constraints (monthly peak loads plus a planning reserve margin for each load area
represented in the model). In the event that early retirement of a coal umit is a lower cost
alternative to installation of coal unit environmental investments, the System Optimizer model
will select additional resources as required to meet monthly peak loads inclusive of a planning

TESETVE MArgin.
Table 7.1 — Resource Costs, Existing and Associated Gas Con

Existing Coal Unit Costs | Coal Unit Early Retirement

Alternative

e Incremental capital
for environmental
investments

« Vanable reagent costs e Dec ission

for incremental ts
environmental cos
i stments
nve » Recoveryof
» Run-rate operations & e i
! environmental capital
ﬂw (O&M) and run-rate capital
ap spent prior to early
« [Incremental mine * e
capital (as applicable) » Coal confract
liquidated damages
(as applicable)

# (Cash coal fuel costs

s End-of-life
decommissioning
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Retirement Analyses — PacifiCorp 2013
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o EndogenOUS Naughton3 (Early Retirement/Comersion) | 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015
retirement and Carboni (Early Retirement/Conversion) 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015
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Su bseq ue ntly Colstrip3 (Early Retirement/Conversion) 2020 2020 2020 2020
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Retirement Analyses — PacifiCorp 2018
nfa

* December 2017: Oregon Commission requires C.01 (Benchmark) $23,310

unit-by-unit assessment of PacifiCorp’s coal oz (celmp) s 7
C-03 (Colstrip 4) $23,302 (58)

plants C-04 (Craig 1) $23,304 (36)

. . . . . C-05 (Craig2

« June 2018, PacifiCorp provides first confidential — — —

. C-06 (Dave Johnston 1) $23,305 (55)

version C-07 (Dave Johnston 2) $23,363 553

* December 2018, PacifiCorp provides public unit- C-08 (Dave Johnston 3) 523,273 (537)

. C-09 (Dave Johnston 4) 523,304 ($6)

by-unit assessment
C-10 (Hayden 1) $23,252 ($58)
. . = d

« December 2018 unit-by-unit assessment shows e PR o2
C-12 {Hunter 1) $23,341 $31

majority of PacifiCorp coal fleet uneconomic in C13 (Hunter 2) $23,334 $24
2022 C-14 [Hunter 3) $23,438 5128
C-15 (Huntington 1) $23,326 517

C-16 (Huntington 2) $23,310 50
C-17 {Jim Bridger 1) $23,197 (5113)

C-18 (Jim Bridger 2) $23,257 ($53)

C-19 {lim Bridger 3) $23,283 (527)

C-20 (Jim Bridger 4] 523,349 539
C-21 (Naughton 1) 523,187 (5123)

C-22 (Naughton 2) $23,212 ($98)

C-23 (Wyodak) 523,323 513
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Retirement Analyses — PacifiCorp 2018

Naughton 2 Case (C-22)
(PaR Base/Base Scenario)

substantial transparenc .
. . . . p . y PVRR({d) [Beneﬁt]f(:;s::l ]DfEDZZRetirement Nom. Lev. ﬁ:':?]t']{‘ i[t';‘:ezfé::;::_ﬂ:fme“t per
* Isolating individual unit allows for ($/mwh)

. . CostSavings fromRetired Unit
deeper review of constraints

* Unit-by-unit analysis allows for

Fuel (548) ($36.21)
* Incremental value to endogenous o w;gs } [fgz}
.00
retirement assessment Emissions (513) ($10.25)
Decommissioning 54 $3.27
Total Net Cost Savings from Retired Unit ($164) (5125.20)
Net Replacemeant Costs
Fuel $59 $45.13
Inc. Capital Rev. Req. and Fixed O&M (576) (558.03)
Variable O&M 45 $3.86
Emissions $27 520.44
Demand-Side Management (53) (52.38)
Long-Term Contracts (55) ($3.52)
Market Purchases $47 $35.42
Market Sales $44 $33.50
Reserve/Energy Deficiencies $16 $12.37
Transmission Upgrades (548) ($36.29)
Transmission Reinforcements 52 SQC(}
Total Net Replacement Cost 566 $50.50
Net (Benefit)/Cost of Assumed Early Retirement (598) (574.70)
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Retirement Analyses — NIPSCO 2018 IRP

NIPSCO Generating Resources

Resource Unit

64

168

17

B8
Subtotal

10

Morway

Oakdale
Subtotal

Fuel

Coal
Coal
NG
NG
Coal
Coal

NG
NG

Water
Water

Wind

Capacity Year in Service

NDC (MW)
469

431

100

2,925

1974

1976
1879
1979
1979
1983
1986

1968

1923
1925

2008

* NIPSCO 2018 Integrated Resource Plan

* Filed October 2018
* NIPSCO coal >70% of capacity in 2018

* NIPSCO resource alternatives based on responses from 2018

All Source RFP

* Determined low cost wind, solar, storage, & efficiency available

* Found cost effective replacement alternatives

Figure 9-2: Summary of Least-Cost Replacement Capacity by Retirement Portfolio

Schahfer 17/18

Retirement
~600MW UCAP need

Higher  TECHMOLOGY MW

MISO Market Purchase 50
-1 Dsm 125
Wind 150

Solar, Solar + Storage 390

Lo 715
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Schahfer 14/15/17/18
Retirement
~1,350MW UCAP need
TECHMOLOGY MW
MISO Market Purchase 50
DSM 125
Wind 150
Solar, Solar + Storage 1,070

1,395

All Coal
Retirement
~1,750MW UCAP Need
TECHMOLOGY MW
MISO Market Purchase 50
DSM 125
Wind 150
Solar, Solar + Storage 1,500

1,825
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Retirement Analyses — NIPSCO 2018 IRP

Figure 9-1: Overview of Retirement Combination Portfolios
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Target: ELG ELG ( 2635")" (Mich. City in 2028) (Schfr. 17/18 2021)
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77777 Currently NOT a viable path for ELG compliance
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Retirement Analyses — NIPSCO 2018 IRP

Figure 9-9: Retirement Portfolio Scorecard

O o6 o
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Preferred

Retirement Path
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Raliablllty Risk Acceptable Acceptable Acceptable Acceptable Acceptable I Acceptable | Unacceptable Unacceptable
|
Employees 0 125 125 125 276 : 276 | 276 426
|
Local Economy ~ *S118M SOM ($23M) (831M) sosM) | (s7am) o (s74M) (894M)
+47 : (9 (12% 26 [ (29 29 (37%)

www.synapse-energy.com | ©2021 Synapse Energy Economics Inc. All rights reserved.

- s = =l

15



Recommendations for Duke

* Revise coal assessment methodology and update coal retirement study
* Must be able to demonstrate that near-term capital expenditures are consistent
with economically optimal plant lives

* Full-scale endogenous coal retirement is feasible if forward avoidable costs
and replacement costs are all correctly parameterized

* Unit-by-unit valuations lend transparency to the retirement valuation
process

* For each individual unit, compare portfolio cost with unit operating until end of
depreciable life vs. near-term retirement year (e.g., 2025)

 Stacking lowest value units (i.e., most optimal retirements) helps confirm near-
term no regrets pathway

* Co-optimize coal retirements with both supply- and demand-side resources
(i.e., EE/DR, solar, wind, storage)

* Sunk costs should not be considered in a forward-looking analysis.
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