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RE: Letter Reply to Motion
Docket No. E-100, Sub 179

Dear Ms. Campbell:

On October 18, 2022, a number of intervenors (collectively, “Movants™)! filed a
motion (“Motion”) requesting that the North Carolina Utilities Commission
(“Commission”) reopen the record in this proceeding to receive a late-filed exhibit or, in
the alternative, to take judicial notice of a report prepared by the National Renewable
Energy Laboratory (“NREL”) in collaboration with Duke Energy Carolinas, LLC (“DEC”)
and Duke Energy Progress, LLC (“DEP” and together with DEC, “Duke Energy” or the
“Companies”).

Duke Energy hereby files this letter reply (“Letter Reply”) in order to provide a
number of key facts that were not included in the Motion and to provide further background
and context. However, at the outset, the Companies desire to make clear that they do not
object to the requested relief so long as the Commission also takes notice of the additional
background and context for the report as detailed in this Letter Reply.

Timing and Procedural Background

As background, NREL was responsible for producing a study in two parts—
referred to as the “Phase 1 Study”? and the “Phase 2 Study.” Importantly, the Phase 2
Study was completed in early 2022. All of the primary conclusions of the Phase 2 Study
were then summarized and presented in a stakeholder meeting facilitated by Duke Energy

' Clean Power Suppliers Association, Carolinas Clean Energy Business Association, North Carolina
Sustainable Energy Association, Southern Alliance for Clean Energy, Sierra Club, and Natural Resources
Defense Council

2 The Phase 1 study report was issued in January 2020.
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and led by NREL. The registered attendants for the stakeholder session included multiple
individuals employed by or associated with the Movants, all of whom would or should
have therefore been aware that the Phase 2 Study had been completed.

In this stakeholder meeting, which occurred on March 30, 2022, NREL provided
an expansive summary report of the conclusions and key findings of the Phase 2 Study
(“Phase 2 Summary Report”). The Phase 2 Summary Report was then promptly posted to
NREL’s website (and is provided as Attachment A).> This publicly available Phase 2
Summary Report was expressly identified as providing a “summary of study results” and
included all of the primary findings of the Phase 2 Study—including the capacity expansion
results of the Phase 2 Study and dozens of slides presenting Phase 2 Study results. The
Motion makes no mention of the fact that NREL itself presented a summary of the
conclusions of the Phase 2 Study in a public forum (for which multiple individuals
employed by or associated with the Movants were registered) nor that NREL then made
available on its website a written summary of the conclusions of the Phase 2 Study. Nor
does the Motion mention that the five “key findings” that the Movants highlighted as being
identified in the Phase 2 Detailed Report (discussed further below) were actually identified
in March 2022 in the Phase 2 Summary Report well in advance of the Carbon Plan
proceeding.

Therefore, the notion that the fundamental conclusions and key findings of the
Phase 2 Study were not available for consideration in the Carbon Plan proceeding is
factually incorrect. The only reason that the Phase 2 Study results and the Phase 2
Summary Report are not already in the record is because Movants failed to enter such
information into the record at any point during the preceding months of this Carbon Plan
proceeding. The Phase 2 Summary Report (including the “key findings”) was made
available to parties on March 30, 2022—more than a month prior to the date of the
Companies’ Carbon Plan filing, more than five months prior to the hearing and almost
seven months prior to the date of the Motion. Intervenors also had full opportunity to
submit discovery to Duke Energy during the Carbon Plan proceeding concerning the
completed Phase 2 Study and the Phase 2 Summary Report. One party (Public Staff)
submitted a single discovery question on this topic, which the Companies answered (and
provided to all Movants that had requested copies of other parties’ data requests). None of
the Movants submitted a single discovery question concerning the completed Phase 2
Study or the Phase 2 Summary Report.

Subsequent to the March 30, 2022 stakeholder meeting and the publication of the
Phase 2 Summary Report, NREL proceeded to produce a more detailed summary of the
Phase 2 Study (“Phase 2 Detailed Report”). Contrary to the assertion of the Movants, the
Phase 2 Detailed Report was actually published on August 11, 2022.* More importantly,
the Phase 2 Study itself was completed as of the date of presentation of the Phase 2
Summary Report in March 2022, and thereafter, there were no material changes from the

3 See Duke Energy Carbon-Free Resource Integration Study: Summary of Study Results (nrel.gov)

4 See Attachment B, which is screenshot of the OSTI Website documenting the official publication date of
the Phase 2 Detailed Report as August 11, 2022; also available at Duke Energy Carbon-Free Resource
Integration Study (Technical Report) | OSTI.GOV
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https://www.nrel.gov/docs/fy22osti/82387.pdf
https://www.osti.gov/biblio/1882190
https://www.osti.gov/biblio/1882190

conclusions presented in March 2022 in the Phase 2 Summary Report to the conclusions
presented in the Phase 2 Detailed Report.®

Therefore, for clarity of the record, the Movants, along with all intervenors, had
ample opportunity to do the following:

e Utilize the Phase 2 Summary Report at any time during the Carbon Plan
proceeding, including by introducing the Phase 2 Summary Report as evidence as
part of intervenor direct testimony or during the hearing as a cross examination or
redirect exhibit.

e Issue discovery to Duke Energy concerning the Phase 2 Summary Report and
utilize any such responses as evidence in the proceeding.

e Utilize the Phase 2 Detailed Report at any time during the Carbon Plan hearing,
including by introducing the Phase 2 Detailed Report during the hearing as a cross
examination or redirect exhibit.

Having failed to do any of the foregoing, the Movants now pursue a procedurally
irregular avenue to introduce new evidence after the close of the hearing.® As was indicated
at the outset, the Companies do not oppose this request but believe that it is important for
the Commission to understand the greater context for the request and why this situation
could have been easily avoided by Movants.

In addition, if the Commission chooses to accept the Phase 2 Detailed Report into
the evidence, the Companies respectfully request that the Commission also take notice of

the following substantive background.

Substantive Background

The Motion states that “Duke understood that the Report would address issues of
central concern to the Commission in this docket” and seems to suggest that Duke Energy
was somehow under an obligation to rely on or include the Phase 2 Study in its proposed
Carbon Plan. Neither assertion is correct.

While Duke Energy agrees that the Phase 2 Study was valuable “to inform”
planning efforts, the Phase 2 Study was never intended to be a substitute for the more
detailed analysis and planning that is required for an IRP planning process like the Carbon

5 As discussed, the five “key findings™ in the Phase 2 Summary Report™ are substantially identical to the five
key findings in the Phase 2 Detailed Report (compare Phase 2 Summary Report, at 29 with Phase 2 Detailed
Report at vi — xiii).

¢ While the Companies do not oppose the Motion, Duke Energy would note that the Commission has recently
recognized the North Carolina Supreme Court’s prior holding that where the Commission permits a late-filed
exhibit opposing parties have the right to demand that the hearing be reopened to allow for (1) cross-
examination of witnesses regarding the information presented by the late-filed exhibit and (2) presentation
of rebuttal evidence. Order Denying Motion to Strike and Reopening Record, Allowing Testimony or
Comments on Late-Filed Exhibit, and Scheduling Further Hearing, Docket No. SP-13695, Sub 1 (April 14,
2021) citing State ex rel. Utilities Com. v. Carolina Tel. & Tel. Co.,267 N.C. 257,269, 148 S.E.2d 100, 109-
110 (1966).
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Plan. And the Commission need not take Duke Energy’s word for that—the Phase 2
Detailed Report itself acknowledges that fact: “the [Phase 2 Study] is not intended to
provide definitive capacity targets or to replace Duke Energy’s traditional planning
process, and [the Phase 2 Study] should not be considered a substitute for the Integrated
Resource Plan (IRP) process or the forthcoming Carbon Plan under development for
North Carolina.”’ Given that the Phase 2 Study was not, in NREL’s own words, “a
substitute for...the traditional planning process” and “should not be considered a substitute
for the...forthcoming Carbon Plan,” Duke Energy reasonably moved forward with its own
Carbon Plan analysis, which has been the subject of this proceeding, and never considered
the Phase 2 Study as providing the type of analysis necessary for the Carbon Plan.

Furthermore, there are numerous other aspects of the Phase 2 Study that render it
of more limited value given the specific planning obligations in front of the Commission
in this Carbon Plan. For instance, the Phase 2 Study “[did] not evaluate how the timing of
new capacity builds might be impacted by supply chain or workforce constraints,
construction logistics, or the need to perform more detailed transmission planning
studies.”® In addition, due to certain timing and assumption issues, the resource mix of the
Phase 2 Study deviates significantly from the Carbon Plan regarding the total amount of
solar generation that could be installed by 2024—the Phase 2 Study assumes that
approximately 9,600 MW of solar would be installed by 2024, whereas the actual total will
be closer to 5,500 MW.° This enormous near-term discrepancy is a product of unavoidable
timing issues and assumptions appropriate for high level policy studies but not appropriate
for use in defining near-term actions for a statutory requirement such as HB 951. This
further highlights why reliance on the Phase 2 Study as a basis for the Carbon Plan would
be inappropriate.

The Companies agree that the Phase 2 Study was valuable and was, in fact, used to
“inform” the Companies’ Carbon Plan. In fact, the Phase 2 Study is directionally consistent
with the Companies’ Carbon Plan, calling for the need to add substantial solar, storage, and
wind resources, but also acknowledging the need for new natural gas generation.!® But the
Companies also agree with NREL that the Phase 2 Study simply is not a substitute for the
rigor, detail and accuracy needed in the planning process employed for development of the
Carbon Plan, including the Companies extensive consideration of real world execution
challenges and opportunities that informed the Companies’ Carbon Plan analysis and is
reflected in detail throughout the Carbon Plan, including the detailed Execution Plan.

" Phase 2 Detailed Report, at vi (emphasis added).

8 Phase 2 Detailed Report, at vi. The NREL modeling considered the 70% interim carbon reduction policy
goal related to the 2020 NC Clean Energy Plan led by DEQ with support from the Nicholas Institute. By the
time HB 951 formalized the 70% interim target as a statutory requirement in October 2021, the NREL
modeling work was in an advanced stage and reorienting the modeling approach to focus on creating an
executable plan was not practical.

9 The reference year for the NREL study begins in 2020 and assumes procurement and interconnection can
ramp up essentially instantly. This leads to unrealistic and unachievable amounts of solar. For instance, the
Phase 2 Study shows a projected amount of over 18,000 MW of total solar by 2030.

10 See e.g., Phase 2 Summary Report, at 13.

OFFICIAL COPY

Oct 19 2022



Conclusion

Having failed to pursue the available avenues to further investigate the Phase 2
Study results (which were made available in March 2022) or to introduce the publicly
available results of Phase 2 Study into the Carbon Plan through the normal channels, the
Movants now seek unique relief to introduce the Phase 2 Detailed Report at an
extraordinarily late stage in this proceeding. If the requested relief is granted, intervenors
will be denied the opportunity to fully review and respond to the findings of the Phase 2
Detailed Report. Despite this procedural infirmity, the Companies do not object to the
requested relief so long as the Commission takes note of the further context and
background provided in this Letter Reply.

If you have any questions, please do not hesitate to contact me.

AY@L

Sincerely,

Jack E. Jirak

cc: Lucy Edmondson, Chief Counsel, Public Staff
Parties of Record
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LiNREL

Transforming ENERGY

NREL/PR-6A40-82387

ATTACHMENT A

Duke Energy Carbon-Free Resource
Integration Study

Summary of study results

Brian Sergi and Bri-Mathias Hodge
March 30, 2022
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Duke Carbon-Free Resource

Integration study

A collaboration between NREL and Duke Energy N :
intended to explore the opportunities and Stakeholder goals’ Oblecmes and Inputs

challenges of integrating carbon-free resources in (€. load forecast, restrictions on new capadity bullds, planned retrements)
the Carolinas

Renewa hle_resqur{e Capacity expansion Production cost modeling
Two p hases of the stud y: characterization modeling Energy Exemplar

*  Phase l: a preliminary net-load analysis of NRELTEY NAELREEDS FLENOS
solar adoption in Duke’s territory

*  Phase lI: detailed assessment of paths to
zero carbon emissions in 2050 using multiple
planning tools

— Part 1: resource assessment

Data and modeling support from NREL
(e.q. detailed wind/solar profile data, projected technology costs,
—_ Part2:capadtyexpanﬁonrnodehng generator and transmission databases)

— Part 3: production cost modeling Overview of Phase Il analysis

This presentation will provide an overview of Phase Il and then focus primarily on the production cost modeling

*  See https://www.nrel.gov/grid/carbon-free-integration-study.html for Phase | report,
previous presentations on the Phase Il results, and the Phase Il report (forthcoming)
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The context for

interpreting this analysis

Work on Phase Il began in January 2020 and thus may not reflect some more recent policies
or modeling assumptions

*  For example, the schedule for Duke Energy’s coal retirements assumed in the ReEDS modeling
may not be consistent with more recent proposals to accelerate these retirements

*  We explore updates and changes in sensitivity analysis where possible

This study’s results may have differences in specific capacity amounts or buildout rates but is
directionally consistent with other modeling assessments of decarbonization pathways for the
Carolinas

* Differences between analyses can results from differences in assumption and scope; for example,
this study did not explicitly model supply chain constraints, construction logistics, or the need for
detailed transmission planning studies

*  This study provides additional insight and robustness into the pathways for integrating carbon-
free resources in the region
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Phase Il, Part 1:

Resource Assessment

Objective: Develop hourly solar and wind profiles
and assess resource potential, with adapted spatial
exclusions as needed for the Carolinas

Examples of default exclusion layers:

. Urban areas

. Bodies of water

. Protected lands

*  Sloped lands

»  Distance from structures (setbacks)

Exclusions added for this project:
*  Ridgetop lands
*  Military base and radar line-of-sight

Mean Wind Capacity Factor
Capacity Factor (percent)

=350

32510350
30010325
27510300

25010275
2510250
| 20010225
17.5 to 200
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Capacity factor (%)

Phase Il, Part 1:
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Objective: Determine the least-cost capacity mix
that achieves the decarbonization targets while also

Phase Il, Part 2:

Capacity Expansion

Transmission Renewables

satisfying key system requirements

Analysis performed using NREL's U.S. ReEDS model, which includes modeling of:

Load balance: supply = demand in each time-slice

Planning reserve: each region mush have sufficient capacity to meet reserve margin
Operating reserves: regions must supply operating reserve needs

Generator constraints: technology specific constraints such as min gen or ramp rates
Transmission: power flows between regions constrained by available transmission
Resource constraints: renewable resources limited by spatial and temporal availability
(with hourly submodule used to inform capacity credit calculations)

Policies: federal, state, and local policies related to clean energy targets, emissions
constraints/standards, incentives, etc.

Cost assumptions are based on projections from the Annual Energy Outlook (AEO) and
Annual Technology Baseline (ATB)

(DC) Power-flow Ancil_Iary
Services
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More details on the ReEDS
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Phase Il, Part 2:
Capacity Expansion

Base Policy
(no emissions constraints in NC) (70% CO2 reduction in NC by 2030
+ net-zero electricity in NC by 2050)

Standard modeling assumptions

Main cases All fossil fuel must retire in the
Carolinas in 2050 (“No fossil”)

Low-cost wind
Cost sensitivities High-cost solar/storage

High-cost solar/storage + low-cost natural gas

Limited access (excludes radar line-of-site)
Wind availability sensitivities
State-of-the-art turbine design

Eastern Interconnect has CO2 targets

(70% in 2030, net-zero in 2050)

rational sensitiviti . . . .
Operational sensitivities Duke able to secure firm capacity outside of the Carolinas

High electrification case
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Phase Il, Part 2:

Capacity Expansion

Installed capacity in the Carolinas

Base Policy Policy + no fossil
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Phase Il, Part 2:

Capacity Expansion

Base

Policy + no fossil

See https://www.nrel.gov/grid/carbon-free-integration-

study.html for a previous presentation on the capacity
expansion results.
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Phase Il, Part 3:

Production Cost Modeling

Objective: Test the buildouts from ReEDS for operational
feasibility (i.e., sufficient generation is available to meet
load and provide operating reserves in every hour)

Provides a check on the capacity expansion results using
more detailed representation of the system.

Tested on a subset of ReEDS cases due to the
computational burden of production cost modeling.

Aspects not addressed in this study:
* AC power flow

*  Stability/transient issues

. Contingency or N-1 security

*  Severe outage events

Eastern
Interconnection

YINREL

Capacity
expansion
in ReEDS
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Differences between
ReEDS and PLEXOS

L COPY

PLExos

Security-canstrained unit
commitment & economic dispatc

Find /east cost technology mix to meet power Simulate detailed operations of the power system
Model scope / purpose . . . . .
system requirements over decades using unit commitment and economic dispatch ﬁ
~
Spatial resolution 4 balancing areas in the Carolinas Nodal or zonal representation 5
s
18 representative time slices with . . e
Temporal resolution . . . Chronological hourly dispatch o
P hourly VRE modeling for capacity credit & y €isp O
.. . Full transmission system (nodal) or simplified b
Transmission Between balancing areas y. ( ) P Y
balancing areas (zonal)
Average parameters assumed by generator Full heat rates, operational constraints (e.g., min gen
Generator parameters : e
type and vintage levels, ramp rates) specific to each plant
Dispatch Dispatch according to aggregated time slices Hourly unit commitment + economic dispatch
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Production cost ESEETRAT -

modeling cases

Nodal system

Two categories of production cost modeling

cases: nodal and zonal Buses 78,463

L . Lines 71,328
Nodal: Full transmission representation of Duke

Energy’s system; each case built by adding ReEDS builds
to an existing network model 203d policy case, nodal model

° 2024 buildout + 2012 weather (baseline) Placdinent for onshore wind and utility—scale solar

Transformers 27,901

* 2030 buildout + 2012 weather (policy case w/ 70% CO,
reduction in NC)

* 2030 buildout modified + 2012 weather (includes accelerated
coal retirements)

* 2036 buildout + 2018 weather (tests extended cold period;
K also includes coal retirements and offshore wind )

Zonal: Transmission matches ReEDS aggregation, with only the
interfaces between BAs modeled

* 2024 buildout + 2012 weather (baseline)
* 2050 buildout + 2012 weather (policy case with zero-emissions)
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Note that PV installed capacity reflects AC
nameplate capacity after adjustment fo;_
inverter-loading ratio and efficiency Ioss%

Nodal cases — new

capacity and retirements

&)
I
2024 2030 2036 E
—_ Currently planned
= % PV capacity for 2024 L
S_D, 154 o
=
.g . Wind
a 104
8 . Offshore Wind
O <&
L 54
5
|7}
c
£ . ;._.

. 500 MW new gas 1500 MW new gas
New gas capacity

2025 2030 2035

Allen 3,4 retired (871 MW) Mayo retired (746 MW)

. Marshall 1,2,3, and 4 retired (2078 MW)
Roxboro 1,2 retired (1053 MW)

Coal retirements

Cliffside 5 retired (546 MW)

Roxboro 3,4 retired (1409 MW)




Nodal results —

Annual generation

_

~
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Total Generation (TWh)
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Duke

Duke 2024 Duke 2030 Duke 2030

2012

2012

2012
retireCoal

Demand +
Storage Charging

- Demand
Curtailment
Net Imports
Pumped Hydro
Battery Storage
PV
Offshore Wind
Wind
Hydro
Oil-Gas-Steam
Gas-CT
Gas-CC
Coal
Nuclear

Duke 2036 «—J System buildout

2018
4_\— Weather year

IRRCRRRRUNNN

No unserved energy in the Duke
Energy’s system (generation
meets demand in all hours)
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Nuclear provides consistent
generation across scenarios
(configured to maximize output)

Solar moves up from 12% of
annual generation in 2024 to 18-
21%

Oct 19 2022

Wind supplies 7% of annual
generation in the 2036 case, with
the majority coming from
offshore wind

Reduced coal generation partially
offset by more generation from
natural gas
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Generation (GW)

Generation (GW)

Nodal results —

Summer Peak Dispatch
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*  Coal replaced with natural gas,
solar, and in the 2036 buildout
wind

— Gas CTs used heavily in the
evening hours after coal is

Demand + .
3 j retired
26 27 28 3124 25 26 27 28 29 30 31 Storage Charging

Jul Jul Jul  Jul Jul Jul Jul JulJul Jul Jul  Jul Jul Jul Jul Jul - Demand .
Duke 2024 2012 Duke 2030 2012 Curtailment o Storage charges durmg the

Net Imports

Pumped Hydro morning/daylight hours when

Battery Storage . . .
PV solar is prevalent; discharges in
Offshore Wind .

Wind the evening when solar ramps
Hydro

Oil-Gas-Steam d own

Gas-CT

Gas-CC

Coal

Nuclear

Oct 19 2022
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Duke 2030 2012 retireCoal Duke 2036 2018
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Generation (GW)

Generation (GW)

Nodal results —

Winter Peak Dispatch

Duke

06 07 08 09 03 04 05 06 07 08 09
Jan Jan Jan Jan JanJan Jan Jan Jan Jan Jan Jan
Duke 2024 2012 Duke 2030 2012

o' o\

05 06 07 08 09 03 04 05 06 07 08 09
Jan Jan Jan Jan Jan Jan JanJan Jan Jan Jan Jan Jan Jan
Duke 2030 2012 retireCoal Duke 2036 2018

Demand +

Storage Charging

- Demand

Curtailment
Net Imports
Pumped Hydro
Battery Storage
PV

Offshore Wind
Wind

Hydro
0Oil-Gas-Steam
Gas-CT
Gas-CC

Coal

Nuclear

2012 weather year had a
relatively brief winter peak which
can be met primarily through a
combination of nuclear, gas,
solar, wind, and storage
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2018 weather year had sustained
low solar output + high load due
to an extended cold snap

— Demand peaks around 37
GW (annual peak)

Oct 19 2022

— Heavy use of Gas CC and
CTs to meet demand

— Storage charges during the
day, discharges overnight

— Offshore wind and imports
help to meet remaining

energy needs
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Generation (GW)

Generation (GW)

Nodal results —

Peak RE Generation
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Hydro
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Gas-CT

Gas-CC

Coal

Nuclear

Peak RE generation currently in
summer but shifts toward spring
in higher deployment

Higher RE cases illustrate the
reliance on ramping/cycling of
remaining thermal units,
highlighting the need to
understand these impacts
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Nodal results —

b
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Nodal results —

Curtailment

PV + Wind Curtailment (GW)
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™ Duke 20362018

T
4000

T
6000
Hours

T
8000

T
10000

I Offshore Wind
1 PV
B Wind

Curtailment increases with higher
contributions of renewable
resource

— Dominated by solar, but some
curtailment from wind and
later offshore wind as well

Peak curtailment in top curtailment
hour doubles from 5 GW to 8-10
GW

— 2036 system has ~990 hours
with instantaneous hourly
curtailment greater than
1GW

Curtailment provides economic

value to the system
NREL |
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Nodal results —

Transmission Flows

* Net interchange doubles from 2024 to 2030

Total imports is relatively similar, but occurs
in few hours with greater magnitude

Increase in total exports from Duke Energy to
neighbors

Duke 2024 2012

Duke 2030 2012

Total exports: 2.9 TWh
Total imports: -1.7 TWh
Total net interchange: 1.1 TWh
Gross transfers: 4.6 TWh

Total exports: 4.1 TWh

Total imports: -1.6 TWh

Total net interchange: 2.5 TWh
Gross transfers: 5.7 TWh

Duke 2030 2012 retireCoal

Duke 2036 2018

Net interchange (exports - imports, GW)

Total exports: 3.4 TWh
Total imports: -1.4 TWh
Total net interchange: 2.0 TWh

Jan 2024

Apr 2024

Jul 2024

Oct 2024

Jan 2025 Jan 2024

| | Gross ltransfers: 4.7 TWhl
Apr 2024 Jul 2024 Oct 2024 Jan 2025  NREL |
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Nodal results —

Emissions

N
(=)

Annual CO2 emissions (million metric tons)

w
o
1

-
o
1

Duke 2024 2012 Duke 2030 2012 Duke 2030 2012 retireCoal  Duke 2036 2018

. Methane leakage

. Coal
B cascc

Gas-CT
. Oil-Gas-Steam
. Net Imports

Emissions estimates include direct
emissions as well as emissions from
methane leakage

— CO, equivalent from methane
leakage calculated assuming
leakage rate of 2.3% (Alvarez et
al., 2018) and 100 GWP potential

— Note that the NC target does
consider methane leakage

OFFICIAL COPY

Direct emissions fall below 2030 target
in all 2030/2036 buildout cases modeledﬁ
o
— This target and the baseline used ™
to derive may be different from
the levels used in the Duke Carborry

Plan O

Total emissions fall with coal
retirements, but emissions from natural
gas increase (both direct and from
fugitive methane)

Imports increase slightly with higher
transfers from neighboring regions

NREL | 21



Production cost

modeling cases

Two categories of production cost modeling
cases: nodal and zonal

OFFICIAL COPY

Nodal: Full transmission representation of Duke
Energy’s system; each case built by adding ReEDS builds
to an existing network model

* 2024 buildout + 2012 weather (baseline)

* 2030 buildout + 2012 weather (policy case w/ 70% CO,
reduction in NC)

* 2030 buildout modified + 2012 weather (includes accelerated
coal retirements)

* 2036 buildout + 2018 weather (tests extended cold period;
also includes coal retirements and offshore wind )

Zonal system

Oct 19 2022

Zonal: Transmission matches ReEDS aggregation, with only the
interfaces between BAs modeled

* 2024 buildout + 2012 weather (baseline)
* 2050 buildout + 2012 weather (policy case with zero-emissions)

NREL | 22




Zonal results:
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Oct 19 2022

. Note that results are for the
entire Carolinas (not just Duke
[ Unserved Energy Energy)
. Demand + .
Carolinas = Storage Charging d No unserved energy in the

--- Demand Carolinas

1 Curtailment
—~ 350,04 BN Storage * 2050 energy mix is a mix of solar

: Il P H . ..
§ — P{‘,mped ydro + storage (~46%), existing
) 300.07 B Offshore Wind nuclear (~26%), land-based wind
g 250.01 = Wind (~8%), and offshore (9-14%)
= I Hydro
+ 200.07 8 RE-CT * If all fossil is retired, system also
(D) Il Biopower I .. ki
£ 150.0 B Oil.Gas.Steam relies on zero-emissions peaking
O 100.0- 0 Gas-CT resources (renewable CTs) to
fc! - Gas-CC meet demand in hours of stress
O 50.0- EE Coal 0 .
= Em Nuclear (<1% total generation)
0.0-
2024 2050 2050
base policy no

fossil
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Generation (GW)

80+
60+
404

204

=}
=
1

o
[=]
1

£
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N

na
=]
L

=
1

Summer peak

Zonal results:

Peak Dispatch

Winter peak

2024 base

2024 base

Jull29 Julla-{l Jar: 04

.Jar: 05 Jar: 06 Jar: o7

2050 policy

S 50

g &0

5 40

©

2 5p-

o

0]

0 1 T T T T T
Jan 03 Jan 04 Jan 05 Jan 06 Jan 07
2050 no fossil

404

204

0

T v
Jan 03 Jan 04

T T T
Jan 05 Jan 06 Jan 07

— load + charging
===+ load

Curtailment
. Storage
. Pumped Hydro
PV
B ofishore ind

[ win

W o
RE-CT

. Biopower

Il oi-Gas-steam
Gas-CT

B Gas-cc
B ce=
. Muclear

Storage charges during the day
when solar is available,
discharges in the
evening/overnight

RE-CTs used to supply high
demand during winter peak
period

Also used in the summer,
depending on solar output
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“No fossil” system relies more on
imports during the

evening/overnight period

NREL |
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RE-CT daily fuel consumption (thousand mmBTU)

RE-CT fuel consumption

800 1

600 -

400 A

200 1

o
1

2990
1
1680
1
1210
1
811
1210 N
167
Ml
|I | |JI“|||I‘| [
0 100 200 300
Day of the year

RE-CTs in the “no fossil” case are used
to meet peaking requirements

OFFICIAL COPY

— Low annual capacity factor
— High use when deployed

Plot illustrates the quantity of
renewably-sourced fuel that needs to
be provided to sustain output in those
periods

Oct 19 2022

— Could be H2, biofuel, or some
other peaking resource

— Implies sufficient pipeline
infrastructure or storage capacity

to supply ~3 million mmBTU at a
time

Other technologies such as seasonal
storage could also fill this role

NREL | 25



Total Curtailment (TWh)

Zonal results:

Curtailment

8.63%
|18.08]|
17.59 7.11%
15.22
15.0 1 A
12.5
10.0

7.5

5.0

2.5 7
0.00%

0.0 IO.pOI L E— .
2024 2050 2050
base policy no

fossil

B Offshore Wind
1 PV
B Wind
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More curtailment expected in
carbon-free system

— Buildout chosen based
on minimizing costs,
indicates that
curtailment is more
economically viable thanE
some of the alternatives O

19 2022

No fossil case reduces
curtailment due to greater
deployment of storage

NREL | 26



754

CO2 emissions (MMT)

Zonal results:

CO, emissions

Carolinas

NC

(%]
(=]
1

[\
[4)]
1L

2024 base 2050
policy

2050 no
fossil

2024 base 2050
policy

2050 no
fossil

Emissions in “2050 policy” case due to

OFFICIAL COPY

remaining fossil units outside of Duke

Energy territory in South Carolina

Accounting for imported emissions—

either from South Carolina or from

neighboring regions without zero-carbon

goals—is likely to be important for

achieving zero in a system that utilizes

more imports than today

Oct 19 2022
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Annualized costs ($ per MWh)

60+

404

204

Zonal results:

Total system costs

2024 base 2050 policy 2050 no fossil

. Net Trade

OFFICIAL COPY

Annual operating costs decline as the
system deploys more low marginal
cost resources; these declines are
accompanied by increases in
amortized capital expenses

Additional costs of “no fossil” case
reflect the increasing costs of
replacing all fossil peaking capacity, as
well as the cost increases associated
with dealing with the last 5-10% of
emissions

Oct 19 2022

NREL | 28



Summary of key findings

Duke Energy can approach the 2030 emissions target in North Carolina through investment in a
combination of PV, wind, and storage along with maintaining its existing nuclear fleet

A zero-emissions electricity sector target in 2050 can be achieved through investment in land-
based and offshore wind, solar PV, and battery storage, coupled with maintaining the existing
nuclear fleet and procuring other zero-emissions firm-capacity resources

Investment in new transmission and expanded power exchange with neighbors can play an
important role in achieving both the 2030 target and a net-zero power system

Low- and zero-carbon systems in the Carolinas will likely result in greater challenges to meeting
the system load in the winter

As Duke transitions to carbon-free generation resources, it can expect that the capital share of
total bulk system costs or expenditures will increase while the operational share decreases

OFFICIAL COPY
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Discussion

These findings are directionally consistent with previous assessments of decarbonization
pathways in the Carolinas, but specific outcomes may differ depending on modeling
assumptions

OFFICIAL COPY

This research highlights the path toward a decarbonized system, but more analysis is
needed to study the feasibility and implementation of that pathway. Some additional
elements to consider:

e Supply chain, workforce, or logistical constraints to building new generation capacity
e Additional siting restrictions or considerations
* The evaluation of transient/dynamic stability, as well as contingency and N-1 security

e Other technologies (e.g., seasonal energy storage) or constraints
(e.g., detailed gas pipeline modeling)

Oct 19 2022

This work is not intended to replace Duke Energy’s IRP process
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Stakeholder engagement

Research Publications  Diata & Tools v Facilities  Wark with Us

# » Gl Modemnization » Carban-Free Resource integation Study

Carbon-Free Resource Integration Study

. . . . . Sensing Measiremen L& In the Carbon-Free Resource Integration Study, NREL is investigating the impacts of varying scenarios
* Two joint NREL-Duke Energy webinars discussing | == o cabntveguan
Power Systems Operstions & Duke Energy 2 warking to cut COy emissions by st least hall (from 2005 levels) by 2030 and attsin net-zera COy

modeling assumption and results, along with an | = e o s e o e s s ey s
additional webinar discussing Phase | results |

* Involvement in the NC DEQ Clean Energy
Working Group and modeling through Duke
University/ICF

Phase 1 Study
For Phase 1 of the study, NREL perfarmed an analysis of the Carclinas’ casbon-free resaurce integration capability.
Phase 1 inchuded the evaluation of 12 scenarios 1o examine the impact of increasing levels of solar photovoltase

[T on the totsl ! carborf The study evaluated wind, storage, and PV
penetration seenarios reaching as high as B0 of annual carbor-free energy, Although Phase 1 does nat make
specific ecommendations, it does provide high-level { future i

SMARTDS

 Engagement with the Southeastern Wind

Instituion. al Support

Coalition Utility Advisory Group

* Creation of a website that includes study
publications, webinar presentations, and FAQs
from the capacity expansion results based on
feedback from stakeholders:
https://www.nrel.gov/grid/carbon-free-
integration-study.html

Qet-19-2022———OFFICIALCOPY-

Global Horizontal Irradiance
Morth Caroling and South Carolng

=

.|
sEegsss
§EEGESEE
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Phase | Overview

Net load analysis of varying solar
penetrations in the Carolinas

Simple analysis intended to frame
more detailed analysis in Phase |l

“ HAPs BN I B
20GH) [l Higher e G S e Ol S Wit
ol private Y. L Q46m

Carbon-Free Resource Integration
Study

Reko Matsuda-Dunn, Michael Emmanuel, Eral Chartan,
Bri-Mathias Hodge, and Gregory Brinkman

Nafional Rencw abie Energy Laborafory

NHEL is i of Ei Technical Report

o the LLS.
(Mice of Energy Eldency l:nmadﬂeEnuw NRELITP-5D00- 74337
T by the. i Enangy, LLC Jamoay 2000
i B avalatie at fromihe Energy
[ 120}

Conlract Na. DE-ACIS-H0G 028308

OFFICIAL COPY

Oct 19 2022

NREL | 33



Resource
characterization

System Generation Modeling (SAM)

User-Defined
System Specifications

[ ‘ “ ’ ‘ Transmission
- : Grid
B ) @
= Technical

Potential

Supply gl
Curve T

Protected Areas
Urbanized Areas
Natural Features g

Terrain Features

Assessed using NREL's geospatial
renewable energy potential (reV) mode

Resource quality evaluated using hourly
wind and solar data sets representing
2012 weather year

OFFICIAL COPY

Available land for developed reduced
based on exclusions, including features
such as:

* Urban areas

*  Bodies of water

*  Protected lands

* Sloped lands

* Distance from structures

* Ridgetop lands (above 3,000 ft)

*  Military base and radar line-of-sight

Oct 19 2022
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Wind turbine performance

OFFICIAL COPY
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tions
Onshore wind Offshore wind
Advanced Advanced
Baseline sensitivity Baseline sensitivity
System Capacity (MW) 23 55 6.0 15
Hub Height (m) 110 120 100 150
Rotor Diameter (m) 113 175 155 240
Losses (%), 16.7 11.8 16.7 16.9
onshore offshore
154 A At it Aty i :
E 104
7—-; scenario
j=N .
35 — Baseline
8 === Advanced turbine
B | | | jeesssdessssszesccaressccpessnsenes
51 :
0 |

0 5 10 15 20 2% 0 5 10 15 20 25
wind speed (m/s)
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ReEDS modeling

assumptions

Main assumptions

. Operations modeled using representative time-slices 01

ReEDS timeslice load (GW)

s

. Spatial resolution: 134 balancing areas / 356 RE resources regions "%,
. Model solves each year sequentially (myopic, no perfect foresight)

. NREL ATB 2020 capital cost + AEO 2020 fuel projections

. Surrounding state policies implemented (e.g. VA Clean Economy Act)

Key modifications of ReEDS for this project
. Adoption of an 18t timeslice representing the winter morning peak
. Nuclear plants assumed to have licenses extended

. Coal retirement dates based on book like from Duke’s last
depreciation study (model can retire coal and other existing fossil
earlier than their retirement dates)

. Assumption cost adder to natural gas combined cycle plants built in
the Carolinas (proxy for the cost of firm pipeline capacity)

. Modified exclusion areas for onshore wind supply curves

Capacity, load, performance
characteristics, transmission

I

I

I

- ﬁ ﬁ

I

| Supply Supply VRE
P ooe N BTN BECH N o
| ¥
I
I
I
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NREL ATB (2020):
S u m m a ry Of Re E DS https://atb-archive.nrel.gov/electricity/2020/data.php

-

o o

Cost Assumptions g

EIA AEO (2020): O

https://www.eia.gov/outIooks/aeo/pdf/AE02020%20FuII%20Report_.i:édf

~ O

: : .

60004 i 71 | L

Utility solar : O
a | 3 :
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S 271 | o

5 e : b

a @ ! 3]
w |

S 8 : o
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Q i
> 1
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NG-cC i : val
manl l Coal
! 4-hour battery :
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
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Coal retirements

Retirement date

= Retired by 2030 target

Additional retirements
tested via sensitivity

Boiler type Plant name in ReEDS
Allen 1 2023
Allen 2 2023
Allen 3 2023
Allen 4 2027
Allen 5 2027
Roxboro 1 2028
Subcritical Roxboro 2 2028
Cliffside 5 2032
Roxboro 3 2033
Roxboro 4 2033
Marshall 1 2034
Marshall 2 2034
Mayo 1 2035
Marshall 3 2034
Marshall 4 2034
Superecritical Belews Creek 1 2038
Belews Creek 2 2038
Cliffside 6 2048

OFFICIAL COPY
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ReEDS approach to
modeling the Carolinas

Carolinas modeled as four balancing areas (BAs)
where load and planning constraints must be met

Transmission represented between BAs, but not

within

Wind resource modeled at finer spatial resolution

p90
267 £ -

2
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Installed nameplate capacity (GW)

Capacity buildout

Installed capacity in the Carolinas

Base Policy Policy + no fossil
1501
|
1001
E——

(o))
o
f

=-

2020

2030

2050

2020

2030 2050

2020

2030

2050

Installed capacity by technology (GW)

Year | Scenario Solar 0';’:" Dﬁ:r:” T RECT | Batieries =
base 76 021 18 0.01 %

2020 | policy 76 021 18 001
policy + nofossil | 76 01 18 001 o
base 26 15 18 48 al

2030 | policy 32 19 18 48 _—
policy + no fossil 32 19 18 48 Q)
base 51 51 72 29 ™

2050 | policy 75 85 72 17 7 24 (TR
policy + no fossil 7 89 10 27 2% (8]
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N eW Ca p a City b u i | d S Cumulative firm capacity changes in the Carolinas
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Annual CO, estimates
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Oct 19 2022
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Annual CO, estimates and cost
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estimates from ReEDS
Undiscounted annualized system costs and emissions: 2020-20350
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Sensitivity analysis in

ReEDS

Installed capacity in the Carolinas Installed capacity in the Carolinas

. High cost solar /
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Sensitivity analysis in

ReEDS
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Installed capacity in the Carolinas
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Difference in installed capacity in the Carolinas (relative to base assumptions)
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Cost of mitigation across

sensitivities

Cumulative mitigation cost ($ per ton CO,)
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High' cost
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NREL

OFFICIAL COPY

Oct 19 2022

47



b
Odadl VS. ZzOnal mode o
O
O
-
<
O
Nodal model Zonal model t
*  2024/2030 cases for Duke Energy *  2024/2050 cases for the Carolinas o
*  Full transmission and generator representation *  Aggregated transmission and generator representation (matches ReEDS)
*  Better captures the existing system *  Potentially too flexible for curtailment, storage operations, etc.

e 2050 system likely to be substantially different from present day nodal model

Unserved Energy

. Demand +
Duke Carolinas = Storage Charging

Demand
Curtailment
Storage
Pumped Hydro
PV

Offshore Wind
Wind

Hydro

RE-CT
Biopower
Oil-Gas-Steam
Gas-CT
Gas-CC

Coal

Nuclear

|
|
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Generation (GW)

Generation (GW)

Nodal results —

Peak Curtailment

30.04 Peak Curtailment:
GwW

02 03 04 05 06
Jun Jun Jun Jun Jun Jun
Duke 2024 2012

30.04 Peak Curtailment:

04
Jun Jun Jun Jun Jun Jun
Duke 2030 2012 retireCoal

Jun

Apr

02
Jun

27
Apr

Peak Curtailment:

03 04
Jun Jun
Duke 2030 2012

28 29
Apr Apr
Duke 2036 2018

05
Jun

30
Apr

06
Jun

01
May

Demand +
Storage Charging

Demand
Curtailment
Net Imports
Pumped Hydro
Battery Storage
PV

Wind

Hydro

Gas-CT
Gas-CC

Coal

Nuclear

Curtailment
Net Imports
Pumped Hydro
Battery Storage
PV

Offshore Wind
Wind

Hydro
Oil-Gas-Steam
Gas-CT
Gas-CC

Coal

Nuclear

Maximum curtailment level
doubles from 5 to 10 GW from
2024 to 2036 period

More discussion on total
curtailment levels to follow

NREL
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Generation (GW)

Generation (GW)

Nodal results —

Minimum Net Load

Duke Demand +
Storage Charging

e . Min net load period consistently

Curtailment

Net mports occurs in the spring: relatively

Pumped Hydro

Battery Storage low load combined with higher
RE availability
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25.04 4 Min Net Load:
Min Net Load:
20.0 9:32

15.09

10.01
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ATTACHMENT B

OSTI.GOV / Technical Report: Duke Energy Carbon-Free Resource Integration Study

Duke Energy Carbon-Free Resource
Integration Study

Abstract

Duke Energy has partnered with the National Renewable Energy
Laboratory (NREL) to evaluate pathways to achieving their carbon-free
targets and to assess the operational impacts of the resulting system.
This report details findings from Phase Il of the Duke Low Carbon
Resource Integration study, which consisted of three separate but
interrelated analyses: (1) a resource assessment exploring the technical
and economic potential and characteristics of wind and solar resources
in the Carolinas; (2) capacity expansion modeling identifying the least-
cost investment pathways for achieving 70% CO2 emissions reductions
in North Carolina by 2030 and a net-zero electricity system by 2050; and
(3) detailed production cost modeling of power system operations at
the higher shares of low- and zero-carbon emitting generation sources,
informed by the capacity expansion modeling portion of the analysis.
The analysis finds that Duke Energy can approach the 2030 and 2050
emissions target in North Carolina through investment in a combination
of solar, wind, and storage along with maintaining its existing nuclear
fleet. The average cost of CO2 abatement in the Carolinas through
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2021-2050 is on the order of $27-33 per metric ton (range of $9-34 per
metric ton across key sensitivities).Duke Energy can expected
increased interchange with neighbors more »
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CERTIFICATE OF SERVICE

I certify that a copy of Duke Energy Carolinas, LLC and Duke Energy Progress,
LLC’s Letter Reply to Motion, has been served by electronic mail, hand delivery or by

depositing a copy in the United States mail, postage prepaid, to parties of record.

This the 19" day of October, 2022.

Jack E. Jirak

Deputy General Counsel

Duke Energy Corporation
P.O. Box 1551/NCRH 20
Raleigh, North Carolina 27602
(919) 546-3257

Jack jirak(@duke-energy.com
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